Tuel

16. rocnik - €. 1/2007

UNIKOVA SACHTA TUNELU BREZNO
EMERGENCY ESCAPE SHAFT OF THE BREZNO TUNNEL

TOMAS PARAK, ERMIN STEHLIK

ovoD

Jednokolejny tunel Bfezno, délky cca 1,8 km, je souasti preloz-
ky traté Brezno u Chomutova — Chomutov, jejiZz vystavba zacala
v kvétnu 2000. Duvodem prelozky byla pokralujici téZzba v dole
DNT Tusimice, Severofeskych dold Chomutov, a. s., kterd postupu-
je do prostoru stdvajici traté.

Financujici organizaci jsou Severoceské doly, investorskou ¢in-
nosti je povéfena SZDC Plzen, s. o., dodavatelem celé prelozky je
Sdruzeni Bfezno, jehoZ &leny jsou Metrostav a. s., SSZ, a. s.,
a Energie Kladno, a. s. Generdlnim projektantem prelozky je firma
SUDOP Praha, a. s. Projektantem tnikové Sachty je firma IKP
Consulting Engineers, s. r. 0. (IKP CE).

POSTUP VYSTAVBY

Po piipravnych pracich a vystavbé priportdlovych tseki byla
razba zahdjena v breznu 2002, a to metodou obvodového vrubu
s pouzitim stroje firmy Perforex, ktery postupoval od portdlu u obce
Brezno. Po vyraZeni cca 800 m tunelu, ktery byl vystrojen primdr-
nim osténim z prostého stifkaného betonu aplikovaného do vrubu
vyfezaného strojem Perforex, doSlo v bfeznu 2003 k zavalen{ stroje
na Celbé tunelu s ndslednym kolapsem primérniho osténi v dseku
cca 100 m od celby. Na povrchu se nad zavalenym dsekem tunelu
vytvorila rozsdhld poklesova kotlina.

Vystavba byla prerusena az do fijna 2004, kdy zaCala protirazba
od portdlu u obce Drouzkovice, kterd byla provddéna tzv. sekvenc-
ni metodou s pouZitim primdrniho osténi ze stfikaného betonu vy-
ztuZeného sit€mi a prihradovymi oblouky.

ZMAHANI ZAVALU
Zaval byl rozdélen na 2 ¢asti, na ¢dst mimo oblast zavaleného
stroje Perforex a na Cdst v oblasti zavaleného vrubovaciho stroje.

Mz

Pro zméhén{ prvni ¢asti zavalu byla navrzena technologie, pfi které
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Obr. 1 Pri¢ny Fez Sachtou s oc¢ekdvanou polohou stroje Perforex
Fig. 1 Shaft Cross Section

INTRODUCTION

Single track railway tunnel Brezno, 1.8 km in length, is a part of the
relocation of the railway line Bfezno u Chomutova—Chomutov, the con-
struction of which started in May 2005. The reason for the relocation is
the continuous mining activity in the open mine DNT TuSimice—Seve-
roCeské doly (SD) Chomutov a.s, which is interfering with the existing
railway line. The financing organisation is SD, client role is performed
by SZDC Plzeti s.0., and the contractor is JV SdruZeni Bfezno, consis-
ting of Metrostav a.s. Praha, SSZ a.s. and Energie Kladno a.s. The
general designer is SUDOP Praha as., the designer of the emergency
escape shaft is IKP Consulting Engineers s.r.o. Praha (IKP CE).

HISTORY OF THE CONSTRUCTION

After the preparatory works and the construction of open cut portal
sections, tunnelling started in March 2002, using the pre-cut method
with a Perforex machine, which started tunnelling from the tunnel por-
tal located near the village Bfezno. After completing approximately
800 m of the tunnel in March 2003, with the primary lining consisting
of non-reinforced shotcrete applied into the slot pre-cut by the Perfo-
rex machine, the Perforex machine was buried by a tunnel collapse,
which immediately spread to the section of primary lining to approx.
100 m behind the tunnel face. The collapse created a large settlement
through on the surface. The construction process was interrupted until
October 2004, when tunnelling started from the other portal located
near the village Drouzkovice. The method applied was the so-called
“Sequential Method”, using primary lining consisting of shotcrete with
steel meshes and lattice girders.

RECOVERING OF THE COLLAPSE AREA

The collapse area was divided into two parts; the part outside the
buried machine and the part with the buried machine. For the first part
the method with temporary piled bulkheads 9 m apart was designed;
between the bulkheads tunnelling was performed with the help of steel
pipe umbrellas, jet grouting, temporary top heading invert and other
additional measures enabling the rebuilding of the collapsed tunnel.
This part was designed by SUDOP Praha a.s.

Foto 1 Ovérovaci vrt délky 60 m
Photo 1 Drill rig for core borehole
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se pomoci prepazek z pilotovych stén cely tsek rozdélil na dseky
délky cca 9 m, mezi kterymi byl navrZen postup s pomoci mikropi-
lotovych destniku, tryskovych injektdzi, provizorni spodni klenby
v kaloté a dalSich opatfeni, umoznujicich opétovné vyraZeni tunelu
v zavaleném useku. Tuto &ast feSil generdlni projektant tunelu
SUDOP Praha, a. s.

Druhou ¢dst zdvalu fesila firma IKP CE vystavbou kruhové $ach-

ty z prevrtdvanych pilot nad zavalenym strojem Perforex.

POTREBA UNIKOVE SACHTY

Zpracovani pripravné dokumentace pro vystavbu tunelu Bfezno
zacCalo v druhé poloviné devadesatych let minulého stoleti. Podle v té
dobé platnych bezpecnostnich piedpisti nebyla pro tunel Bfezno
potrebna 7Zddnd dnikové Sachta. Za dobu, kterd uplynula od zahdjeni
pripravy projektové dokumentace, do§lo k vyraznym zméndm v plat-
nych bezpe¢nostnich predpisech. V dobé zpracovani dokumentace na
zmahani zdvalu jiz bylo zfejmé, Ze pro tunel délky 1,8 km je kromé
portdldl tunelu potiebny dalii tinikovy vychod. Uastnici vystavby
proto prijali feSeni, které umoznuje predat dokonCenou stavbu tak,
aby byla v souladu s platnou legislativou. K tomuto tcelu poslouzil
navrh IKP CE na realizaci Sachty, ktery byl modifikovan spole¢né
s pracovniky Metrostavu a investora. Vysledkem byl ndvrh Sachty
praméru 21 m (méfeno na osu pilot), hloubky 35 m, se stfedem odsa-
zenym o 1,5 m od osy tunelu, do které byl umistén poZadovany tini-
kovy vychod. Sachta soutasné poslouZila pro postupné obnaZeni
a demontaZz vrubovaciho stroje Perforex a jeho vytazeni na povrch.

GEOLOGICKE A HYDROLOGICKE POMERY

Sachta byla situovana piimo nad zavaleny stroj a tak kromé vysky-
tu zemin ovlivnénych vlastnim zdvalem bylo nutné pocitat zejména
s existenci zavaleného stroje Perforex a s vyskytem zbytku zficeného
primdrniho osténi. Znané obavy byly ohledné moZnosti vyskytu pod-
zemni vody v eventudlnich dutindch pod osténim a kolem stroje.

Po zévale v roce 2003 byl v oblasti zdvalu proveden geologicky pru-
zkum a stanoveny charakteristické parametry, které byly pouZivdny
pro vypocty osténi tunelu v oblasti zavalu.

ProtoZe od okamZziku zdvalu do obdobi zahdjeni praci v oblasti
ovlivnéné zdvalem uplynuly vice neZ dva roky, byl v prostoru budou-
ci Sachty navrzZen a realizovén jeden jadrovy vrt hloubky 60 m (foto 1).
Hlavnim dkolem vrtu bylo ovéfit vyskyt vétSich dutin a podzemni
vody v okoli zavaleného stroje. Dal$im tikolem vrtu bylo objasnit, zda
horni a stfedni uhelnd sloj nachézejici se pode dnem tunelu neni zasa-
Zena hornickou ¢innosti a nemohla tak prispét ke kolapsu tunelu.

Vrt prokdzal, Ze nenf tfeba se obavat vyskytu velkych dutin ani
rozmd¢enych poloh zdvalového materidlu v dusledku podzemni
vody. Také se ukdzalo, Ze uhelné sloje pode dnem tunelu nejsou
postiZzené hornickou ¢innost{ ani vyhorenim.

OSTENI SACHTY

Kruhova Sachta z prevrtdvanych pilot (pfi¢ny fez viz obr. 1) byla
navrzena o praméru 21 m, méfeno na osu pilot. Vzddlenost pilot

Foto 2 Ukdzka vysledku vrtdni pilot — pohled ze dna Sachty
Photo 2 Completed piles — view from the bottom of the shaft
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Obr. 2 Podélny Fez Sachtou
Fig. 2 Shaft Longitudinal Section

The second part of the collapse area was solved by the construction
of a circular shaft with lining consisting of secant piles, this part desig-
ned by IKP CE.

EMERGENCY ESCAPE

Work on the preliminary design of the Bfezno Tunnel started in
the second half of the 1990s, when the safety regulations did not
require an additional emergency escape. However, during the peri-
od since the preliminary design, significant changes to the safety
regulations were introduced. When design for the collapse recovery
started it was obvious-given the tunnel length of 1.8 km-that an
additional emergency escape is required. All the participants of the
construction process accepted the need for the emergency escape; as
a result the completed structure conforms to the latest safety and
other regulations.

The solution was the IKP CE proposal for shaft construction,
which was modified in cooperation with the Contractor’s and the
Client’s staff. The final solution was the proposal of a circular shaft,
21 m in diameter (measured to the piles’ axes), 35 m deep, with the
vertical axis set off by 1.5 m of the tunnel axis, allowing the locati-
on of the emergency access. At the same time the shaft served the
step-by-step recovery, dismantling and lifting of the Perforex
machine to the surface.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The shaft was located directly above the buried machine and the-
refore, except for the occurrence of ground directly affected by the
collapse, it was necessary to take into account the existence of the




Foto 3 Poédtek ziizovani ztuZujicich prstencu 3 m pod prevdazkou 3
Photo 3 Reinforcing rings below Ring Beam 3

byla 0,942 m, jejich délka 40 m. Celkem bylo navrZzeno 70 kust
pilot z betonu B 30. Primdrni piloty byly nevyztuZené, sekundarni
piloty byly navrzeny jako vyztuZené s vyztuzi praiméru az R32.
Rozhodujicim hlediskem pfi ndvrhu Sachty byla presnost vrtani
pilot. Pfislu$nd norma stanovuje odchylku pro svislost vrtini 2 %
z délky piloty. Pokud by byly piloty vrtdny s touto presnosti, byly by
s bezpe¢nym ndvrhem Sachty znac¢né problémy. Proto byla pro povo-
lené odchylky pfi vrtani pilot stanovena maximalni odchylka 1 %.
Tato podminka byla uvedena i ve smlouvé se zhotovitelem. Podrob-
néji je o této problematice pojedndno v odstavci o statickém vypoctu.

ZTUZUJICI PRVKY

Kromé presnosti vrtdni pilot byl pfi ndvrhu Sachty rozhodujici
stav, kdy byly v osténi Sachty probourdny dva protilehlé otvory pro
napojeni vlastniho tunelu. Pfesnost vrtdni pilot a vybourédni otvora
si vyzddaly ndvrh nésledujicich ztuzujicich prvku (obr. 2):

Ctyfi masivni Zelezobetonové pievazky. Prevazka 1 (1,5 x 0,6 m)
navrzend na hlavéch pilot; mezilehlé prevazky 2 (1,0 x 0,9 m) a 3
(1,4 x 1,7 m) betonované béhem hloubeni, kdy dno Sachty dosdhne
trovné jejich zékladové spdry; prevdzka 4 (1,8 x 1,4 m) pod dnem
Sachty. Prevédzky byly navrZeny s vysokym stupném vyztuZeni
s pouzitymi profily hlavni vyztuze & R32.

Patndct ztuZujicich Zelezobetonovych prstenct ze stiikaného
betonu tloustky 0,3 m, vysokych 1 m. Jejich provddéni bylo v reali-
za¢ni dokumentaci navrZeno od drovné 4 m nad prevédzkou 3 s tim,
7e konecné rozhodnuti o zapoleti provadéni ztuZujicich prstenca
bude provedeno az na zdkladé skutecné polohy pilot. Jak se pozde-
ji ukdzalo (viz ddle), doslo k vynechéni 7 ztuzujicich prstencu.

Zelezobetonové ztuzujici stény A, B, které byly navrieny mezi
prevdzkami 3 a 4 v prostoru po strandch budoucich otvort pro tunel.
Stény byly vysoké 10,8 m a byly vetknuty do obou previzek.

Foto 4 Hloubeni Sachty v oblasti zavaleného stroje Perforex
Photo 4 Excavation in the vicinity of the buried Perforex machine
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Perforex machine and the collapsed tunnel lining. A serious concern
was also the possibility of ground water collected in potential cavi-
ties under the lining and around the machine.

After the collapse in 2003 a geological investigation in the collap-
se area was performed and characteristic parameters used for the
lining calculation were determined. During the more than two years
that passed between the collapse and the restart of work, a single core
borehole 60 m deep was drilled in the area of the shaft (Photo 1). The
main task of the borehole was to verify the occurrence of large voids
and underground water in the vicinity of the machine. Another aim
was to clarify if the upper and middle coal seam, which is under the
tunnel, was not affected by previous mining activities and therefore
did not contribute to the tunnel collapse. The results showed that
there is no reason for concern with regard to large cavities or water-
logged materials, and confirmed that the coal seams are not affected
by previous burnup.

SHAFT LINING

Circular shaft with secant piles (the cross section is shown in Fig.
1) was designed with a 21 m diameter measured to the piles axes.
The piles distance is 0.942 m, the length is 40 m. In total 70 piles
made of concrete B 30 were designed. The primary piles are not
reinforced; the secondary piles are reinforced with rebars of up to 32
mm in diameter.

The decisive aspect for the piles design was the accuracy of the
pile drilling. The relevant standard prescribes a 2% tolerance for the
verticality of the pile drilling. Providing the piles are drilled with
this tolerance, there would be serious problems with the shaft
design. Therefore the maximum tolerance was set at 1%. This con-
dition was also stated in the agreement with the contractor. The
issue of tolerances is described in more detail in the paragraph dea-
ling with the design calculation.

STRUCTURAL ELEMENTS

For the shaft design, besides the drilling accuracy, the decisive
phase was the moment when two openings connecting the tunnel to
the shaft were created. The drilling accuracy and the demolition of
shaft lining for the tunnel openings demanded design of following
structural elements (see Fig. 2):

Four massive reinforced concrete ring beams: Ring Beam 1 (1.5 x
0,6 m) located on the top of the piles; intermediate Ring Beams 2
(1,0 x 0,9 m) and 3 (1.4 x 1,7 m), cast during the shaft excavation,
when the shaft bottom reaches their foundation level, and Ring
Beam 4 (1,8 x 1,4 m) under the definitive shaft bottom. The ring
beams were designed with a high degree of reinforcement, the main
rebars used were | R32.

Fifteen reinforced shotcrete rings, 0.3 m thick and 1.0 m high.
Their installation was designed to start from a level 4.0 m above
Ring Beam 3, the design stipulated that the start of their application
depends on the factual position of the piles. As showed up during
the construction, it was possible to omit 7 rings.

Reinforced concrete walls A and B, located between Ring Beams
3 and 4 and in the space on the sides of the future tunnel openings.
The walls are 10.8 m high and are fixed into both ring beams.

DESIGN CALCULATION

With hindsight it could be stated that the design calculation was
the most difficult part of the whole shaft design process. Besides the
unique structure, complicated geological conditions of the previous
collapse and unsuitability of anchoring, the design required consi-
deration of many load cases on particular parts of the shaft (piles,
ring beams, reinforcing rings and walls). Another unknown feature
was the piles’ position, which differs for each level. The knowledge
of this position was a key to determining particular load cases. To
define the position, we used probability calculation of the piles posi-
tion in different levels. Based on this probability calculation the
maximum deviation of the piles from the vertical position was defi-
ned to be 1%.

Check calculation of piles and single structural elements was dif-
ferent for the phase of the shaft excavation and for the phase of
demolishing the shaft lining to create the two tunnel openings. Com-
plexity of the design calculation was not only in defining the load
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STATICKY VYPOCET

S odstupem Casu je moZno fici, Ze staticky vypocet byl nejsloZi-
t€jSi Cdsti celého procesu ndvrhu Sachty. Vzhledem k unikétnosti
konstrukcee, slozité geologické skladbé prostfedi zdvalu a nevhod-
nosti pouziti kotveni, bylo tfeba posoudit celou fadu zatéZovacich
pripadu na jednotlivé ¢asti konstrukce Sachty (piloty, prevézky, ztu-
Zujici prstence, ztuZujici stény). Dal$i velkou nezndmou byla polo-
ha pilot, kterd se ruzni pro kazdou vySkovou troveii. Znalost této
polohy byla kli¢ové pro uréeni jednotlivych zatéZovacich pripadu.
Pro urleni této polohy jsme nakonec pouzili pravdépodobnostni
vypocet poloh pilot v jednotlivych drovnich. Z tohoto pravdépo-
dobnostniho vypoctu vyplynula nutnost dodrZeni maximalniho
odklonu pilot od svislice 1 %.

Samotné posouzeni pilot a jednotlivych ztuZujicich prvku bylo
rozdilné pro fazi hloubeni Sachty a pro fazi po probourdni tunelu do
Sachty. Slozitost celého statického vypoctu spocivala nejen ve
spravném urceni zatiZeni na jednotlivé konstrukce a pro jejich jed-
notlivé zatéZovaci stavy, ale i v nalezeni takového zpusobu posou-
zeni, které by mélo dostate¢nou vypovidajici hodnotu pfi dodrzeni
bezpecnosti celé konstrukce. Ve se podarilo za vydatného prispéni
ing. A. Zapletala, DrSc. a doc. ing. J. Masopusta, CSc., za coZ jim
timto velice dékujeme.

Flexibilnost vypodtu umoZnila v prub&hu realizace podstatné
zjednodusit postup hloubeni a vynechat sedm ztuZujicich prstencu.
Obe tyto dpravy byly umoznény diky dosaZeni presnosti vrtdn{ pilot
pod 1 % a z duvodu lepsich geologickych podminek, nez se puvod-
né predpoklddalo.

Z duvodu slozitosti a obsdhlosti celého statického vypoctu pripra-
vuji 0 ném autori samostatny ¢lanek do nékterého z dalSich vydani
casopisu Tunel.

VYPLNOVE INJEKTAZE

Pii betondzi pilot pilotovych prepdzek nad tunelem doslo v néko-
lika pripadech ke zna¢né zvysené spotiebé betonové smési, kterd
unikla do volnych dutin v oblasti zdvalu. Aby se podobné situaci
zabrénilo v pripadé pilot Sachty (i pres vysledek z jadrového vrtu),
a také z duvodu bezpecnosti pri hloubeni Sachty, bylo v prostoru
budouci Sachty navrZeno a realizovdno 29 svislych injektdZnich vrta
v rastru 4 x 4 m, vystrojenych PVC trubkami pruméru 50 mm, délky
35 m, tj. 3 m pod dnem tunelu. Toto rozhodnuti se ukdzalo jako

opodstatnéné, nebot témito vrty bylo zainjektovdno celkem 750 m3
injekéni smési.

VRTANI PILOT

Provadéni Sachty Metrostav zadal firmé Zakladani{ staveb Praha,
a. s. Ta pouzila na vrtani pilot soupravu AU BG25 se zapaZovacim
zafizenim VRM 150 KL s vloZkami na pramér 1180 mm od firmy
Leffer. Vyska vodicich zidek 1,2 m spolu s pouzitim specidlnich
paznic fady Hard od firmy Leffer vedla k dosaZen{ vétsi presnosti
pfi vrtdn{ pilot. Vrtani probéhlo v tdnoru a bfeznu 2006.

Presnost provedeni pilot byla velmi dobrd (foto 2) a dosaZené
odchylky byly v hodnotdch pod 1 % z délky pilot, coz byl striktn{
pozadavek v realizaéni dokumentaci. Pfi betondZi pilot nedoslo
k Zaddnym vétsim spotfebam betonové smési, coZ lze pri¢ist prove-
denym vyplnovym injektdzim.

Jiz pfi ndvrhu pilot bylo zfejmé, Ze piloty, pod kterymi budou
zastiZzeny ocelové soucasti zavaleného stroje Perforex, nebudou
dovrtany na plnou hloubku. Pfi vrtani k tomu doglo ve tfech pripa-
dech a volny prostor pod nedovrtanou pilotou byl po vyhloubeni
Sachty rozepren ocelovymi védlcovanymi profily a vyplnén stiika-
nym betonem.

HLOUBENI SACHTY A REALIZACE ZTUZUJICICH PRVKU

Hloubeni Sachty a souvisejici prdace na zfizeni prevdzek a stén
byly zahdjeny v dubnu 2006. Po provedeni pfevdzky 1 na hlavach
pilot se hloubilo po zdbérech 5 m aZ na droven prevazky 2. Po jejim
vybetonovéani se opét po zdbérech 2 m pokracovalo k prevézce 3.
Vzhledem k dobré dosazené presnosti vrtani pilot nebylo nutné mezi
prevdzkami 2 a 3 realizovat ztuZujici prstence ze stiikaného betonu
puvodné predpoklddané od trovné 4 m nad prevdzkou 3. Jejich rea-
lizace zacala az v drovni 3 m pod prevdzkou 3 a pokraovala az na
dno Sachty, k horn{ drovni prevdzky 4 (foto 3).

Foto 5 Betond? ztuZujici stény B samohutnicim betonem
Photo 5 Casting of wall B by self-compacted concrete mix

on particular structure elements and for their different load cases,
but also in finding a method of check calculation which gives suffi-
cient evidence and maintains satisfactory safety margins. This was
achieved with a substantial help from A. Zapletal and J. Masopust;
we express our thanks to them.

The calculation’s flexibility simplified the construction, made the
excavation sequence much simpler and allowed the omission of
seven reinforcing rings. Both these changes were possible thanks to
the achieved accuracy of pile installation, which was within 1% of
tolerance, and also due to the better-than-expected geological con-
ditions. Because of the complexity and voluminosity of the design
calculation the authors are preparing a separate paper to be publis-
hed in a future issue of the magazine Tunel.

GROUTING

During the concreting of piles in bulkheads, there was in a few
cases a considerably higher volume of concrete used, which filled
the free cavities in the collapse area. To prevent such a situation for
shaft pile drilling (despite the results of the core borehole) and also
for safety reasons during the shaft excavation, there were designed
and executed 29 vertical grouting boreholes in a 4 x 4 m grid with
PVC pipes 50 mm in diameter and 35 m long, going 3 m under the
tunnel invert. This decision proved to be well-founded; 750 m?* of
grout was injected through these boreholes.

PILES DRILLING

The shaft construction was subcontracted by Metrostav to Zakld-
déni staveb Praha a.s. For pile drilling a drill rig AU BG25 with
casing oscillator VRM 150 KL, with inserts for 1180 mm diameter
from Leffer Company was used. The 1.2 m high guiding walls toget-
her with the application of special casing of Hard series from Leffer
Company have led to a higher accuracy of pile drilling. The drilling
took place in February and March 2006.

The drilling accuracy was very good (see Photo 2) and tolerances
achieved were in values below 1% of the pile length, which was a
strict condition of the design. During pile concreting no large over-
consumption of concrete was reported, which could be attributed to
the grouting.




Foto 6 Pocdtek prordZky tunelu do Sachty
Photo 6 Start of the piles demolition for the tunnel opening

Hloubeni pod prevézkou 3 bylo komplikovdno pfitomnosti zavale-
ného stroje Perforex a zficeného primérniho osténi. Bylo nutné postu-
povat pomalu a nebylo mozné pouzit vétsi mechanizaci (foto 4).

Po dokonceni pfevdzky 4 pode dnem Sachty byly zahdjeny prace
na betondZi stén A a B. Jednalo se o technicky zajimavé a naro¢né
préce, protoZe jednostrannym bednénim bylo potfeba zabednit stény
vysoké 10,8 m. Projektant poZadoval betondZ bez vodorovnych pra-
covnich spar. Pro mens{ sténu A byla povolena jedna pracovni spara
uprostied vysky stény. U kazdé stény byla pouZita riznd technolo-
gie betondze:

U vétsi stény B (foto 5) byla pouzita technologie samohutniciho
betonu a sténa byla vybetonovdna najednou na celou vysku. Bylo
nutné pe€livé navrhnout betonovou smés s potfebnymi prisadami
tak, aby beton v jednotlivych pracovnich zdbérech (vrstvach) ve sta-
noveném Case dosdhl urcité pevnosti, kterd by zarucila pozadovany
maximdlni tlak betonové smesi na bednéni. Zaroven viak nesmélo
dojit k vytvoreni pracovni spdry. Po peclivych pfipravdch betondz
stény probéhla bez vétsich problému.

Mensi sténa A byla vybetonovéna s pomoci jednostranného bed-
néni s jednou vodorovnou pracovni spdrou a s pouZzitim klasické
betonové smési B 30.

Po dokonéeni betondZe stén doslo v Cervenci 2006 k vybourdni
pilot v prostoru tunelu razeného zdvalem od portdlu u Bfezna (foto
6), druhy otvor pro tunel raZeny sekvencni metodou od portdlu
u Drouzkovic byl realizovdn v f{jnu 2006.

GEOTECHNICKY MONITORING

Béhem vystavby Sachty probihal geotechnicky monitoring, ktery
provédéla firma SG Geotechnika, a. s. Bylo osazeno 6 inklinometra
do pilot a 8 geodetickych bodu v péti vys§kovych drovnich, které
byly instalovdny na prevazkach a pilotach. V zdvislosti na postupu
vystavby byl provdadén pravidelny monitoring, jehoZ vysledky byly
prubézné vyhodnocovdny a predkldddny na kontrolnich dnech stav-
by konanych kazdy tyden.

Naméfené hodnoty deformaci béhem vSech fazi vystavby byly
malé a nedosdhly ani prvniho varovného stavu, coz potvrdilo sprav-
nost ndvrhu konstrukce Sachty.

ZAVER

Navrh unikdtni konstrukce tnikové Sachty tunelu Bfezno v pro-
storu predchoziho zdvalu prinesl fadu novych problému, pfi jejichz
feSeni bylo potfeba pouZit neobvyklych postupu.

Flexibilita ndvrhu umoznila béhem vystavby reagovat na skute¢-
né dosaZenou presnost vrtanych pilot i na zastizené geologické pod-
minky. Tim bylo moZné radikdlné zjednoduSit postupy hloubeni
a vynechat sedm ztuZujicich prstencu ze stiikaného betonu. Dobrou
spolupraci partnera vystavby doslo oproti schvdlenému harmono-
gramu vystavby ke zkrdceni doby vystavby Sachty o 2,5 mésice.
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Already during the design phase it was clear that the piles, which
are above the steel parts of the buried Perforex machine, will not be
drilled to the full length. During pile drilling this happened three
times and the free space under the uncompleted pile was braced by
steel beams and filled with shotcrete.

SHAFT EXCAVATION AND STRUCTURAL ELEMENTS

Shaft excavation and related works started in April 2006. After
the completion of Ring Beam 1 on the piles’ heads the excavation in
5.0 m rounds started, up to the Ring Beam 2 level. After casting the
ring beam, the excavation in 2.0 m rounds continued to Ring Beam
3. Thanks to the achieved pile drilling accuracy it was not necessa-
ry to install reinforcing shotcrete rings between Ring Beams 2 and
3, originally designed from a level 4.0 m above Ring Beam 3. Rein-
forcing rings were applied starting from a level 3.0 m below Ring
Beam 3 and continued up to the bottom level of the shaft, to the
upper level of Ring Beam 4 (see Photo 3).

The excavation below Ring Beam 3 was complicated by the exi-
stence of the buried Perforex machine and collapsed lining. It was
inevitable to progress slowly and it was not possible to use larger
equipment (see Photo 4).

After the completion of Ring Beam 4, under the shaft bottom, the
works on casting the walls A and B started. These works were tech-
nically interesting and demanding at the same time, because it was
required to board the 1.8 m high walls by one-sided formwork. The
designer originally required casting without horizontal cold joints,
but for the smaller wall A one cold joint was allowed in the middle
of the wall. For each wall a different method of concrete technolo-
gy was used:

For the larger wall B (Photo 5) the technology of self-compacting
concrete was used and the wall was cast completely for the whole
height. It was important to design the concrete mix with the requi-
red additives very carefully in such a way that the concrete strength
in prescribed time in particular work rounds (layers) reached the
required value, which guaranteed the maximum load of concrete to
the formwork. At the same time the occurrence of a cold joint was
not allowed. After careful preparatory works the casting passed wit-
hout major problems.

The smaller wall A was cast with one horizontal cold joint with
the help of one-sided formwork and application of the classic conc-
rete mix B 30.

After the completion of the wall casting in July 2006, the demoli-
tion of the piles for the tunnel mined from the Bfezno portal through
the collapse was executed (Photo 6); the second opening in the shaft
for the tunnel mined by the sequential method from the Drouzkovi-
ce portal was executed in October 2006.

GEOTECHNICAL MONITORING

During the shaft construction, SG Geotechnika a.s. performed
geotechnical monitoring. Six inclinometers were fit into the piles
and eight geodetical measurement points in five levels were fixed to
ring beams and piles. Depending on the construction progress, regu-
lar monitoring was performed and its results were continuously sub-
mitted and assessed on weekly meetings.

The measured deformations during all construction phases were
small and not even the first warning level was reached, validating
the accuracy of the design.

CONCLUSION

The design of the unique structure of the Bfezno Tunnel shaft in
the area of a previous tunnel collapse brought a number of new pro-
blems, which required an application of atypical design and calcu-
lation methods.

The design flexibility enabled the Contractor to react to the accu-
racy of the drilled piles installation and to the actual geological con-
ditions. This led to a radical simplification of the excavation sequ-
ences and the omission of seven reinforcing shotcrete rings. Good
cooperation of all parties resulted in a shortening of the shaft con-
struction period by 2.5 months.
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