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Mili étenari, @

co si pfat vice, neZ mit moznost psét ivodnik do ¢tvrtého ¢isla Casopisu roku 2015 v dobé, kdy bude nas nejvetsi tunelovy kom-
plex Blanka v provozu jiz nékolik mésicu. Jedn4 se o dilo, které zde bude po staleti a které definitivné zméni v této Casti méstsky
prostor tim, Ze vytvori lepsi podminky pro Zivot lidi. VZzdy je nutné hledat kompromis mezi pranimi a moZnostmi. Idedlem muze
byt vyjit na ulici se stromoradim, posedét v kavdrne na chodniku a nebyt obtéZovan hlukem ¢i exhalacemi z dopravy. Na druhé
stran€ se ten samy Cloveék musi néjak dopravit do prace, kde trévi vétSinu dne, musi jet nakoupit, jede za prateli, a to v8e souvisi
s komunika¢nim skeletem mésta.

Idedlni mésto asi neexistuje, ale pro Prahu jsou z dlouhodobého hlediska duleZité tri aspekty. Prvnim je postupnd preména pro-
stor na urbanisticky zajimava a pro lidi pifjemnd mista. Druhym aspektem je rozvoj vefejné hromadné dopravy, kterd zatim fun-
guje dobre, ale musi se trvale rozvijet. Tfetim aspektem, ktery se musi fesit ve strednédobém horizontu, je dostavba a provozovani
radidlné-okruzniho systému. \_

Pritom Blanka byla typickym piikladem toho, jak mohou média i nékteri politici zcela zménit obraz toho, na co se soustredi.
Je Skoda, Ze odbornd verejnost nemé dost energie, aby presvédcila verejnost, novindre a hlavne politiky, Ze dostavba Méstského okruhu je nezbytnd, ale bude
ho moZné plné vyuZit az po iplném dokonCeni. Pak se naplni jeho ochrannd funkce a bude mozné aktivovat fadu regula¢nich a ochrannych opatfeni vedoucich
k dal$imu zlepSen{ Zivotniho prostiedf v historickém jadru mésta. Nynf zbyva dokoncit poslednich devét kilometra. Hrozné bych si pidl, aby se neopakovaly
peripetie, které provézely tuto stavbu a aby prevlddl pozitivni pﬁ'stup a okruh se kone¢né dokonéil.

Je tradici sahajici do devadesatych let, Ze se v kazdém ¢isle Casopisu predstavuji vyznamné spolecnosti. Ve spojent s timto &islem je slovo ,,predstavuji znag-
né nadnesené. Historie spole¢nosti METROPROJEKT Praha a.s. sah do sedmdesétych let, kdy se podilela na projektovani trasy C metra. Spole¢nost OHL ZS,
as., je ndstupcem stétniho podniku Zelezniéni stavitelstvi Brno a vznikla dokonce jiz v roce 1952.

Odbornici z Metroprojektu ndm ve tfech ¢lancich dokladuji Siroky zdber této spole¢nosti. Ve své tradicni discipliné predstavuji detailni nahled na prvnf tisek
pldnované trasy metra D dlouhy 10,6 km vedouci od Namésti Miru na Pisnici. Metra, resp. predstaveni nového feSeni bezbariérového zpristupnéni stanice
Andél, se tykd i druhy prispévek. Spolenost se systematicky zabyva i technologiemi Vybavovéni podzemnich struktur. Treti ¢lanek pojednavé o zkouméani vlivu
pistového efektu vyvolaného Vlaky metra. Pistovy efekt je fenomén, ktery se pomerne komplikované fesil i v Eurotunelu.

Spole¢nost OHL ZS, a.s. popisuje vyznamnou infrastrukturdlni zakdzku spo¢ivajici v realizaci razenych tunel pod fekou Vislou v Gdansku, kdy byl pouZit
velkoprofilovy bentonitovy $tit. Ve druhém ¢lanku je popis projektu, technologle Stitovani a zajimavosti z realizace pri razbé kanalizaéniho sbéraCe v Prerové
technologif polomechanizovaneho Stitu. Kanalizaénimu sbéradi, jehoZ prvni etapa se dokonCuje v Praze-PoCernicich, a ktery patif k velkym podzemnim stav-
bam provddénym v Praze, je vénovén ¢ldnek kolegu ze SUDOP PRAHA as.

Casopis Tunel hraje vznamnou roli i v rozvijen{ teorie souvisejici s podzemnim stavitelstvim a systematicky sméfuje k zafazeni do svétové databize védec-
kych Casopist. V tomto &isle jsou popsdny vystupy vyzkumného projektu STIROMAS, v ramci kterého byly testovany metody hydraulického $tépeni zaloZe-
né na impulzech tlaku na rozdil od linedrné narustajictho tlaku. Druhy, teoreticky zaméfeny ¢lanek vznikl v ramei doktorského studia. Autor provadi porovna-

ni vystupti numerického modelovani v programu Plaxis s dostupnymi vysledky monitoringu. prof. Ing. PAVEL PIéIBYL, CSc., élen redakéni rady

Dear readers,

what can I wish more than to have an opportunity to write an editorial to the fourth issue of the journal in 2015 at the moment when our largest tunnelling
project, the Blanka complex of tunnels, has been opened to traffic already for several months. It is a structure which will be here for centuries and which will
definitely change the space in this part of the city by creating better conditions for the lives of people. It is always necessary to seek compromise between wis-
hes and possibilities. An ideal may be seen in the possibility of going out to a street lined with trees, sipping coffee in a café on the pavement and not being bot-
hered by traffic noise or exhaust emissions. On the other hand, the same people must have some option of being transported to their work where they spend the
major part of the day, travelling to shops, travelling to friends etc. All of these activities are associated with the communications skeleton of the city.

An ideal city probably does not exist, but there are three aspects important for Prague from the long-term point of view. The first of them is the gradual con-
version of spaces into places interesting in terms of the urban design and pleasant for people. The development of mass transit, which for the time being func-
tions well but has to be permanently developed, is the second aspect. The third aspect, which has to be dealt with in the medium term, is the completion of the
development and operation of the radial-circular system.

Unfortunately, Blanka was a typical example how media and some politicians can completely change the picture of the subject they focus on. It is a pity that
the professional public does not have enough energy to persuade the public, journalists and mainly politicians that the completion of the City Circle Road (the
inner circle) is necessary, but it will be possible to fully use it only after the full completion of the circle. Only then will its protective function be fulfilled and
many regulatory and protective measures leading to further improving living environment in the historic core of the city will be viable. Now the last nine kilo-
metres of the circle remain to be completed. I would terribly wish not to experience the repetition of the peripeteias that accompanied this project, to see
a positive attitude and the circle road finally completed.

It is a tradition reaching back to the 1990s that important firms and companies introduce themselves in each journal issue. The word “introduce” is signifi-
cantly inaccurate in the connection with this journal issue. The history of the company of METROPROJEKT Praha a.s. reaches back to the 1970s, when it par-
tlc,lpated in designing for the metro Line C. The company of OHL ZS, as., as a successor of the state-owned company Zelezni¢ni stavitelstvi Brno, originated
as long ago as 1952.

Metroprojekt professionals document for us the wide scope of their company activities. In their traditional discipline, they introduce a detailed outlook of the
first section of the planned 10.6km long metro Line D leading from Néamésti Miru Square to Pisnice. The other paper introducing the new solution to the step-
free access to Andél station is also related to the metro. The company in addition systematically deals with technologies of equipping underground structures.
The third paper is dedicated to examining the influence of the piston effect induced by metro trains. The piston effect is a phenomenon that was solved in
a relatively complicated way even in the Eurotunnel.

The company of OHL 7S, a.s. describes an important infrastructure contract lying in the realisation of mined tunnels under the Visla River in Gdansk, where
they used a large-profile bentonite slurry TBM. The other paper describes the design, the shield tunnelling technology and interesting facts about the realisati-
on of a mined collector sewer in Pferov using a semi-mechanised shield. A paper prepared by colleagues from SUDOP PRAHA a.s. is dedicated to a collector sewer
which is currently being completed in Prague-Pocernice and which belongs among the larger underground construction projects being carried out in Prague.

TUNEL journal even plays an important role in developing theories associated with the underground construction industry. It is systematically aimed at the
incorporation into the worldwide database of scientific journals. This issue contains the description of the STIROMAS research project, in the framework of which
hydraulic splitting methods based on impulses of pressure as opposed to linearly growing pressure were tested. The other, theoretically based paper originated
within the framework of a doctoral study. The author compares the outputs of numerical modelling using the Plaxis software with monitoring results available.

Prof. Ing. PAVEL PRIBYL, CSc., Member of Editorial Board
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

jsem velice rad, Ze vds mohu pozdravit jménem spolec-
nosti METROPROJEKT Praha a.s. Naposledy jsem mél tuto
prilezitost v roce 2013, a tak mi dovolte malé bilan¢éni ohléd-
nuti za poslednimi dvéma roky vzdjemnych vztahi
Metroprojektu a tunelu.

Asi nejvice jsme se potkdvali v Praze. Byly prestfizeny
pasky dvou velkych dopravnich projekti umisténych
v téméf celém rozsahu pod zem a které vefejnost zaCala oka-
mZité v plném rozsahu vyuZzivat.

Drive se to podafilo na prodlouZeni trasy A prazského metra Dejvicka
— Nemocnice Motol, kde jsme jako autofi ndvrhu prosli od za¢dtku pii-
pravou a realizaci celé stavby. Razba technologii TBM byla konecné
lisp&iné realizovéna i v Ceské republice, a to rychle, ekonomicky a pod
obytnou zdstavbou zcela bez problému i téméf bez povsimnuti.
Pozornost byla uprena i ke tfem razenym stanicim. Dvé z nich zopakova-
ly koncept jednolodniho prostoru, jehoZ razba je pri spravném ndvrhu
a provedeni fddove stejné ndkladn4 jako stanice trojlodni.

O mdlo pozdéji byl otevien i tunel Blanka, kde jsme navrhli hloubeny
tisek Pragny most — Spejchar.

U téchto velkych projektti mé opakované velmi potésilo, jaky zdjem
dovedou v prubéhu vystavby vyvolat Dny otevienych dveri a jak se o né
Zive zajimd Sirokd laickd verejnost, kterd se nenechd nakazit blbou naladou
skandalizujicich médii. Hrdost nad Casto zdafilymi inZenyrskymi dily tak
nepocitijeme jen my ,,0d femesla®, ale i pozitivné naladén4 ¢ést verejnosti.

V Praze jsme navrhli i dal3 tfi zdsahy do podzemi, spojené s vystavbou
tfi novych bezbariérovych pifstupl, tj. vytahi do stanic metra
1. P. Pavlova, Andél a Mustek, z nichZ prvni dva byly letos rovnéZ zpro-
voznény pro cestujici.

Na hranici Ceské republiky a Slovenska byla dokon&ena stavba dvoj-
kolejného Zelezni¢niho Jablunkovského tunelu o délce 620 m. Trvala
déle, neZ se puvodné predpoklddalo, s ohledem na velmi sloZité geolo-
gické podminky a s ohledem na zéval, jehoz zmahanf si vyzadalo navrh
specidlnich postupu zajisténi a nasledné razby.

Jsem rovnéZ rdd, Ze prvni realizace TBM nasla brzy pokracovatele —
Ctyrkilometrovy Zelezni¢ni tunel Ejpovice, jehoZ razba pokracuje den za
dnem.

Pokud jde o perspektivu do let piistich, rdd bych zminil pfedevsim pro-
jekt trasy D prazského metra Namésti Miru — Depo Pisnice, ktery ma
zdsadni vyznam pro zlepSeni dopravni obsluhy obytnych ctvrti jizntho
sektoru Prahy s ndvaznosti do regionu. Dokumentace pro stavebni povo-
lent je pripravena pro dsek Pankrdc — Depo Pisnice o délce 8.4 km. Pokud
jde o vystavbu tunelt, navrhujeme i zde jako hlavni technologii razbu jed-
nokolejnych tunelt §tity TBM. Z osmi stanic jsou tfi navrZeny jako raze-
né, Ctyfi hloubené a jedna povrchova. Projekt pocitd se zdsadni technolo-
gickou inovaci — automatickym provozem vlaki bez fidi¢e. Hlavni mésto
Praha usiluje o spolufinancovani tohoto projektu z fonda EU.

Pokrok nelze zastavit ani v technologii tvorby projektové dokumentace.
Pred 30 lety jsme kreslili na rysovacich prknech. Pred 25 lety jsme méli za
sebou prvni projektantské kracky na osobnich potitatich s vykresy
i vypolty. Nyni mdme za sebou prvnich nékolik stanic metra, navrZenych
ve 3D systémem BIM, ve kterém se celd stavba nejprve virtudlné trojroz-
mémé doslova postavi ,,v po&itaci®, véetné zaddni viech hmot, materidla
a zafizenti, a pak prakticky podobnym postupem ve skutenosti.

Tolik mij dvodnik za firmu Metroprojekt. Budu rdd, kdyZ se nyni
zaltete do odbornych pifspévki mych kolegl
i dalgich odborniki. Chci ujistit vSechny naSe

obchodni prétele a partnery, Ze si velmi vazim dosa-
vadniho (i budouctho) zdjmu o spolupréci a na sklon-

ku roku leto§niho vdm preji hodné dspéchu do let
pristich.
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DEAR COLLEAGUES, TUNEL JOURNAL READERS,

I am very happy that I can greet you on behalf of the company of
METROPROJEKT Praha a.s. The last time I had this opportunity in
2013. For that reason allow me a small balancing look back after the
previous two years of mutual relations between Metroprojekt and
tunnels.

We met probably most frequently in Prague. Inauguration tapes
of two large transport-related projects located nearly fully underg-
round were cut and the public started to use the structures in the full
scope nearly immediately.

Earlier it took place on the Dejvickd — Nemocnice Motol extension of the Prague
metro Line A, where we, as the authors of the design, passed through the initial pre-
paration and the realisation of the entire project. Driving tunnels using TBMs was
finally successfully realised even in the Czech Republic - quickly, economically and
under residential buildings, completely without problems or nearly without people
noticing. Attention was directed even to the three mined stations on the line. Two of
them repeated the concept of the one-vault space. When the design and the execu-
tion are correct, the cost of the excavation of this space is in the same order of mag-
nitude as the cost of the excavation of a three-vault station.

The Blanka complex of tunnels, where we designed the Prasny Most — gpejchar
cut-and-cover section, was opened to traffic a little bit later.

At these large projects I was repeatedly very delighted with the interest the Doors
Open Days can attract during the course of the construction and how the lay public
is interested in them, without letting scandalising media infect them with bad mood.
We professionals are not the only people feeling pride in successful engineering
projects. The positively approaching proportion of the public has similar feelings.

In Prague, we designed even other three interventions into the underground asso-
ciated with the construction of three new step-free entrances, ie. lifts, to
I. P. Pavlova, Andél and Mustek metro stations. The first two of them have been
brought into passenger service this year.

The construction of the 620m long Jablunkov double-track tunnel was finished
at the border between the Czech Republic and Slovak Republic. It lasted longer than
originally expected with respect to very complicated geological conditions and the
recovery of a collapse, which required a design for special procedures for the exca-
vation support and subsequent excavation work.

I 'am in addition glad that the first application of the TBM has soon found a con-
tinuator — the four kilometres long Ejpovice tunnel, the excavation of which proce-
eds day by day.

As far as the prospect for the years to come is concerned, I would like to menti-
on mainly the design for the Prague metro Line D from Ndmésti Miru Square to the
Pisnice Depot, which is of the essential importance for the improvement of transport
accessibility of residential quarters of the southern sector of Prague with links furt-
her to the region. The final design has been prepared for the 8 4km long Pankrdc —
Pisnice Depot section. As far as the construction of tunnels is concerned, we pro-
pose driving single-track running tunnels using TBMs as the main technology even
for this project. Of the eight stations, three are designed as mined structures, four as
cut-and-cover structures and one as an at-grade structure. The design counts on sub-
stantial technological innovation — automatic driverless running of trains. The City
of Prague strives for co-financing of this project from EU funds.

Progress cannot be stopped even in designing technology. Thirty years ago we
drew on draughting boards. Twenty five years ago, we had initial designing steps
using personal computers for drawings and calculations behind us. Now we have
several initial metro stations under the belt which have been designed in 3D using
the BIM system, where the entire structure is first virtually three-dimensionally lite-
rally “constructed in a computer”, inclusive of defining all matters, materials and
equipment and then it is built practically in reality, using a similar procedure.

That is all I wanted to say in my leader on behalf of Metroprojekt. I will be glad
if you immerse yourselves in the technical contributions prepa-
red by my colleagues and other professionals. I would like to
assure all of our business friends and partners that I highly
regard the existing (and future) interest in collaboration. At the
end of this year, I wish you much success in the years to come.

ING. DAVID KRASA

generalni feditel METROPROJEKT Praha a.s.
General Director of METROPROJEKT Praha a.s.
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VAZENI CTENARI A CTENARKY,

jsem rad, ze vds mohu presné po peti letech pozdra-
vit prostfednictvim Casopisu Tunel. Béhem tohoto
obdobfi se prostfednictvim divize Mosty a tunely nasi
spole¢nosti podarilo dspésné zrealizovat nékolik zaji-
mavych tunelovych staveb.

Mezi nejvyznamnéjsi z nich patfi dokoncenfi silni¢-
nich Krédlovopolskych tunelu ve mésté Brné (VMO
Dobrovského B), zZelezni¢ni tunel Turecky vrch na
Slovensku a Zelezniéni tunel Sudoméficky na IV. kori-
doru. Rovnéz jsme se podileli na vyznamnych stavbach v Praze —
tunel Blanka, prodlouZeni metra A. V soucasné dobé jsou tunelar-
ské kapacity soustiedény na Slovensku na stavbé tseku délnice
D1 Hubovi — Ivachnovd, jejiz souddsti je tunel Cebrat. Kromé
velkych tunelovych projektii se spole¢nost OHL ZS, a.s. nadéle
vénuje i dalSim cinnostem v oboru podzemniho stavitelstvi,
k nimzZ patfi zejména razené Stoly, protlaky a horizontdlni fizené
vrtani.

Dovolim si Fict, Ze se cely obor nachdzi v mnohem pozitivnéjsi
situaci nez pravé pred péti lety, kdy jsem zde psal o probihajici
recesi a nelehkych podminkdch stavebniho trhu ve stfedni Evropé.
V soulasné dobé jiz cely trh postupné a stabilné sili
a i v ndsledujicich letech by mélo dochdzet k dal§imu rastu ve
vSech stavebnich oborech véetné podzemniho stavitelstvi.
Drobnou vyjimkou v8ak muiZe byt zatatek roku 2016, ktery bude
jakousi mirnou technologickou pfestivkou z duvodu startovani
novych dotaénich programi EU.

Uvnitf tohoto ¢isla naleznete dva ¢lanky, které vds sezndmi se
dvéma stavbami realizovanymi odli$nymi technologiemi. I pres
svoji odli$nost danou stdfim, technickymi parametry i urenim
maji dosti spoleéného. Prvni ¢lanek popisuje zkuSenosti
s nasazenim moderniho plné mechanizovaného raziciho stroje pri
realizaci silniéniho tunelu pod fekou Vislou v Polsku. Druhy ¢la-
nek popisuje dspéSnou realizaci kanalizacni stoky v Prerové
pomoci star$i a osvédfené technologie S$titovani. V nékterém
z piistich &isel vés radi sezndmime s realizaci tunelu Cebrat, jeho
razba je aktudlné pozastavena, a dosud provedeny rozsah praci by
nenaplnil formdt odborného ¢lanku.

Na zdvér mi dovolte, abych vdm popfdl mnoho zdravi a ndm
vSem co moznd nejdelsi obdobi bez dalsi hospodarské krize, kterd
je pro obor stavebnictvi obzvlasté krutd.

Zdaf Buh!

TuHel

DEAR READERS,

I am happy that I can greet you again, exactly after
five years, through TUNEL journal. During this peri-
od of time our Bridges and Tunnels company success-
fully realised several interesting tunnelling projects.

Among the most important of them there are the
completion of the Krdlovo Pole road tunnels in Brno
(LCCR Dobrovského B), the Turecky Vrch railway
tunnel in Slovakia and the Sudoméfice railway tunnel
on the 4th railway corridor. In addition, we participa-
ted in interesting construction projects in Prague — the Blanka
complex of tunnels, the extension of metro Line A. At the
moment, our capacities are concentrated in Slovakia, on the
Hubova — Ivachnova section of the D1 motorway, a part of which
is the Cebrat’ tunnel. Apart from large tunnel construction projects,
the company of OHL ZS, a.s. continues to pursue other activities
in the field of civil engineering, among them, first and foremost,
mined galleries, pipejacks and horizontal directional drilling.

I dare to say that the entire industry is found in a situation which
is much more positive than the above-mentioned five years ago,
when [ wrote about the recession being underway and difficult
conditions on the construction market in Central Europe.
Currently the whole market grows gradually and stably stronger
and further growth is expected in the coming years in all civil
engineering disciplines, including underground construction. The
beginning of the year 2016 could be an exception. It will be
a modest technological break due to launching new EU grant pro-
grams.

Inside this journal issue you will find two papers which will
acquaint you with two construction contracts implemented using
different technologies. However, despite the differences following
from their age, technical parameters and purpose, they have some
things in common. The first paper describes the experience with
the application of a fully mechanised tunnel boring machine to the
realisation of a road tunnel under the Visla River in Poland. The
second paper describes the successful realisation of a sewer in the
town of Pferov using an older proved tunnelling shield. It will be
our pleasure to acquaint you with the realisation of the Cebrat tun-
nel in one of the future issues. The excavation of this tunnel is cur-
rently suspended and the scope of work that has been carried out
till now would not be able to fill the format of a technical paper.

To conclude, allow me to wish great health to you and an as long
as possible period without another economic crisis, which is espe-
cially cruel for the construction industry, to all of us.

God speed you!

ING. MICHAL STEFL

pfedseda predstavenstva a generalini Feditel OHL ZS, a.s.
Chairman of the Board of Directors and General Director of OHL ZS, a.s.
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MERENI PRUTOKU A TLAKU VZDUCHU V TRATOVE PROPOJCE
C.2.4 - TRASA METRA V.A

MEASUREMENT OF FLOW AND PRESSURE OF AIR IN CROSS
PASSAGE NO. 2.4 - METRO LINE SECTION V.A

MIROSLAV NOVAK

ABSTRAKT

Ve spoluprdci Strojni fakulty CVUT Praha s METROPROJEKTEM Praha a.s. bylo provedeno dne 16. 6. 2015 méfent proudéni
vzduchu v propojce ¢&. 2 4 v tratovém tiseku st. Dejvickd — Borislavka, km 15,213.098 LK. Méreni bylo vyvolané poZadavkem na ové-
Feni funkce propojek z hlediska sniZovdni pistového ucinku vlaki metra a zméreni sil, které piisobi na zarizeni v tratové propojce, a to

zejména na oteviend kridla poZdrnich vrat.

ABSTRACT

The measurement of the flow and pressure of air in cross passage No. 2.4 between running tunnels in the track stretch between
Dejvickd and Bo¥islavka stations, chainage km 15.213098 on the left-hand track, was conducted on the 16t June 2015, in collaborati-
on of the Faculty of Mechanical Engineering of the Czech Technical University in Prague with METROPROJEKT Praha a.s. The mea-
surement was carried out on the basis of a requirement for the verification of the function of cross passages viewed from the aspect of
reducing the piston effect of metro trains and for measuring the forces which act on the equipment installed in the cross passage, in par-

ticular the pressure acting on the open wings of the fire gate.

uvoD

Trasa metra A v dseku mezi stanicemi Dejvickd a Nemocnice
Motol byla uvedena 6. 4. 2015 do provozu. Prujezd vlaki metra tra-
tovymi jednokolejnymi tunely budovanymi razicim Stitem
0 vnitfnim pruméru 5,3 m zpusobuje zmény tlaku v trase metra
a zejména ve stanicich vyvoldvd proudéni vzduchu. Vedle bezpec-
nostnich duvodd je i toto duvod, pro¢ jsou mezi tunely navrZené tra-
tové propojky v pravidelné vzdélenosti cca 200 m, které vyrovna-
vaji vznik pistového t¢inku metra mezi tratovymi tunely. Optimaln{
pri¢ny prufez propojek by mél byt srovnatelny s prufezem tratové-
ho tunelu velikosti cca 20 m2. Ze statickych duvodu pii dimenzo-
véni propojek mezi tunely nebylo moZné takovy prifez navrhnout,
a proto jsou propojky na tomto seku metra provedeny o prufezu
15,25 m2. Podle SGR DP hl. m. Prahy ¢. 9/2009 Zdsady poZdrni
ochrany pro projektovdni a vystavbu praZského metra [1], kterd pla-
tila pro trasu, je nutné mezi jednokolejnymi tratovymi tunely pro
evakuaci osob a ndstup zdsahovych jednotek zridit spojovaci chod-
by ve vzdélenosti maximalné 200 m. Spojovaci chodby musi byt
vybaveny poZarnimi dvermi s odolnosti EI 90 DP1. Pro tcely eva-
kuace osob postaci dvoje dvere §itky 0,9 m. Pro tcel vyrovnavan{
tlaku vzduchu vznikajiciho vlivem pistového G¢inku od vlaka metra
je tato velikost dvefi nedostate¢na a z uvedeného duvodu zde byla
instalovdna pozdrni dvoukfidld vrata $itky 3,6 m a vysky 2,6 m, cel-
kovd plocha 9,36 m2. Kfidla vrat jsou v béZzném dopravnim provo-
zu zajiSténa elektromagnetem v oteviené poloze. V pripadé nehody,
pozaru v metru se ddlkové zaviou (samozavira¢em) a pro tnik ces-
tujicich slouZi dvoje poZéarni dvere $itky 1,2 m osazené v kiidlech
vrat. Nezbytny poZadavek poZzarni smérnice na oddéleni tratovych
tunela zvySuje odpor proudéni vzduchu v propojce, a tim i snizuje
vliv na omezeni pistového tGiéinku od vlaki metra. Uvedené méfeni
bylo realizovano kvuli ovéfeni d¢innosti propojky z hlediska vyrov-
navani tlaku [3].

MERICI PRISTROJE

Pouzité méfici pristroje a zafizeni byly zvoleny
v souvislosti s dynamickym prubéhem méfenych veli¢in
a velikosti méficiho prufezu.

INTRODUCTION

The metro line A stretch between Dejvickd and Nemocnice
Motol stations (called metro V.A) was brought into service on
the 06/04/2015. The passage of metro trains along TBM-dri-
ven single-track tunnels with the inner diameter of 5.3m cau-
ses changes in the pressure along the metro route and induces
flowing of air, in particular in stations. Apart from safety rea-
sons, this is also a reason why cross passages between running
tunnels are designed at regular intervals of ca 200m. They
equalise the origination of the piston effect of the metro bet-
ween the running tunnels. The optimum cross-section of cross
passages should be comparable with the cross-section of
a running tunnel with the area of ca 20m2. When the cross
passages between the tunnel tubes were being designed, it was
impossible for structural reasons to design such a cross-secti-
on; for that reason the cross passages within this metro secti-
on were carried out with the cross-sectional area of 15.25m?2.
According to the directive N0.9/2009 of the general director
of the Prague Public Transit Company on Fire protection
rules for designing and constructing Prague metro [1], which
was applied to the metro line, it is necessary for the evacuati-
on of persons and deployment of intervention forces to provi-
de cross passages at maximum intervals of 200m. The cross
passages have to be provided with fire-check doors with the
EI 90 DP1 fire resistance. Two doors 0.9m wide each are suf-
ficient for the purpose of evacuation. Nevertheless, this door
size is insufficient for the purpose of equalising the pressure
of air originating due to the piston effect of metro trains. For
that reason, a double-leaf gate 3.6m wide and 2.6m high, with
the total cross-sectional area of 9.36m2, was installed. In nor-
mal operation conditions, gate leaves are secured in the open
position by an electromagnet. In the case of an accident or
a fire in metro, the gate leaves are closed remotely (by a self-
closing system) and two 1.2m wide fire doors installed in the
gate leaves serve for the escape of passengers. The necessary
requirement of the fire protection directive prescribing the
separation of running tunnels increases the resistance to flo-
wing of air through the cross passage and in this way reduces
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the influence on the piston effect induced by
metro trains. The above-mentioned measure-
ment [3] was carried out so that we made sure
of the effectiveness of the cross passage from
the aspect of the equalisation of pressures.

MEASURING DEVICES

The measuring equipment and devices were
selected in connection with the dynamic cour-
se of the measured quantities and the size of
the measuring cross-section.

The requirement for the determination of the
air flow through the cross-section of the cross
passage between parallel metro tunnel tubes
during the passage of a metro train indicates
the necessity for coping with all necessary
measurements in the automatic operation of
measuring sets.

The dimensions of the cross passage cross-
section and the sizes of the gate installed in the
cross passage cross-section led to the decision
to use a network of cylindrical probes conne-
cted in parallel for the determination of the
average airflow velocity and subsequently to
deduce the rate of flow of air in m3/s from it.
The arrangement of the probes will allow for
qualified guessing at the average total air pres-
sure over time. The cylindrical probes were
installed in the pattern of a grid covering the
entire cross-section of the gate. It was possible
to determine the average dynamic pressure
within the measuring cross-section by compa-
ring the value of the total pressure within the
grid with the static pressure in the same mea-
suring cross-section that was determined by

direction of Dejvicka station

means of a Prandtl probe.
Two measurement grids were produced and

installed for the opposite directions of flow.

The readings of the static pressure on Pradtl

Obr. 1 Metro, trasa V.A — Piidorys tratové propojky ¢. 2.4, km 15,213 098 LK v tratbvém iiseku

st. Dejvickd — Borislavka

Fig. 1 Metro, Line VA — Ground plan of cross passage No. 2.4, chainage km 15.213,098 of the

left-hand track, in the track stretch between Dejvickd and Borislavka stations

Pozadavek na zjisténi pratoku vzduchu prufezem tunelu
propojky mezi paralelnimi tunely metra pri prujezdu soupra-
vy metra ukazuje na nutnost zvlddnout vSechna nezbytna
méreni v automatickém provozu méficich souprav.

Rozméry prufezu propojky a velikosti vrat umisténych
v prufezu propojky vedly k rozhodnuti pouzit pro zji§tén{ pru-
mérné rychlosti proudéni, ze které se ndsledné urdi prutok
vzduchu v m3/s, sit’ paralelné zapojenych vdlcovych sond,
jejichz rozmisténi umozni stanovit kvalifikovany odhad pra-
meéru celkového tlaku vzduchu v Case. Vélcové sondy byly
realizovdny ve tvaru miiZe zachycujici cely prafez vrat. Pfi
porovnani hodnoty celkového tlaku na mfiZi se statickym tla-
kem ve stejném méficim prifezu, ktery byl zjiStovan odbérem
pomoci Prandtlovy sondy, bylo moZzné urc¢it pramérny dyna-
micky tlak v méficim prufezu propojky.

M¢fici mfize byly vyrobeny dvé a namontovany vzdy pro
opacny smeér proudeéni.

Odecty statického tlaku na Prandtlovych sonddch umoznily
samostatné ziskat informace o statickém tlaku ménicim se
velice rychle v Case, se kterym souvisi silové t€inky proudu
vzduchu na kridla dverti.

probes allowed for independent obtaining
information on the static pressure, very rapidly
varying over time, which the force effects of
air on the door leaves are related to.

Obr. 2 Rozmisténi meéfici mrize pro méreni dynamického tlaku, vrtulkového
anemometru, termoanemometru pro méreni rychlosti proudéni vzduchu
v prufezu poZdrnich vrat v tunelové propojce 2.4

Fig. 2 Arrangement of the measurement grid for measuring the dynamic
pressure, the installation of the propeller anemometer and thermo anemome-
ter for measuring the velocity of air flow within the cross-section of the fire
gate in cross passage No. 2.4




Obr. 3 Rozmisténi Prandtlovych sond pro méreni statického tlaku, vrtulkové-
ho a tru, termoa tru pro meéreni rychlosti proudéni vzduchu
v prurezu poZdrnich vrat v tunelové propojce 2.4

Fig. 3 Arrangement of Prandtl probes for measuring static pressure and the
propeller anemometer and thermal anemometer for measuring the velocity of
air flow within the cross-section of the fire gate in cross passage No. 2.4

Vsechny mérené veli¢iny byly zaznamendvdny v Case
(interval cca 1s) méficimi dstfednami.

POPIS MERENI

V tratové propojce 2.4 bylo v no¢ni vyluce instalované
méfici zafizeni (obr. 1):

e miiz LT (levy tunel), miiz PT (pravy tunel), v prifezu
otevienych pozarnich vrat bylo instalovdno celkem
2x3 ks trubek s otvory pro mefeni celkového tlaku
v prufezu vrat 9,36 m2, nasmérované do levého a pravého
tunelu [Pa] (obr. 2);

¢ Prandtlova sonda PS 2 ks umisténé ve stfedu pruifezu vrat
pro méreni statického tlaku na propojce [Pa] (obr. 3);

¢ Prandtlova sonda ZA umisténd v zddveri za pravym krid-
lem otevienych pozéarnich vrat smérem k pravému tunelu
PT pro méreni statického tlaku [Pa];

¢ Prandtlova sonda TU umisténd v levém tunelu pro méfe-
ni statického tlaku [Pa];

¢ termoanemometr TA umistény ve stfedu prifezu vrat pro
méfeni rychlosti proudéni vzduchu nezdvisle na sméru
v bodé [m/s] (obr. 3);

e vrtulkovy anemometr VA umistény ve stfedu prifezu vrat
pro méreni rychlosti proudéni vzduchu nezavisle na
sméru v bodé [m/s] (obr. 3).

Namérené hodnoty uvedenych Cidel dne 16. 6. 2015 od 5,00 h
do 24,00 h byly vyhodnoceny a pro vyhodnoceni byly pouzi-
ty zdznamy v téchto intervalech denniho provozu metra:

e ranni §picka 6,00-9,00 h, interval vlaka metra 120 s;

e sedlo 11,00-14,00 h, interval vlak metra 210 s;

e odpoledni 3picka 16,00-19,00 h, interval vlaku metra

120 s, po 18,00 h 210 s.

Jednotlivd méreni — ¢idla:

* MOO [Pa] barometricky tlak;

e MO1 [m/s] méfi diferenci mfiz LT (celkovy tlak) proti
Prandtlové sondé PS (staticky tlak) LT — PS — vysledek je
dynamicky tlak a vypocet stfedni rychlosti proudéni
v prufezu poZzédrnich vrat [m/s] (obr. 4);

e MO3 [m/s] méfi diferenci miiz PT (celkovy tlak) proti
Prandtlové sond¢ PS (staticky tlak) PT — PS — vysledek je
dynamicky tlak a vypocet stfedni rychlosti proudéni
v prufezu poZdrnich vrat [m/s] (obr. 4);
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All measured quantities were recorded in time (ca 1s inter-
vals) by measurement data loggers.

MEASUREMENT DESCRIPTION

The measurement equipment (see Fig. 1) was installed in
cross passage 2.4 during an overnight closure (Fig. 1):

¢ The total of 2x3 tubes with openings for the measurement
of the total pressure [Pa] within the gate cross-section of
9.36m? were installed on the LT grid (designed to measu-
re air flow from the left-hand tunnel tube), the RT (desig-
ned to measure the air flow right-hand tunnel tube) grid,
in the cross-section of the open fire gate; they were direc-
ted toward the left-hand tunnel and right-hand tunnel, res-
pectively (see Fig. 2);

e Prandtl probes PP— 2 pieces, located in the centre of the
cross-section of the gate, designed to measure the static
pressure in the cross passage (see Fig. 3);

e Prandtl probe BG, located in the space behind the left-
hand leaf of the open fire gate in the direction of the RTT,
designed to measure the static pressure [Pa];

e Prandtl probe TU, located in the LTT, designed to measu-
re the static pressure [Pa];

e Thermo anemometer TA, located in the centre of the gate
cross-section, designed to measure the airflow velocity at
a point [m/s], independently of the direction (see Fig. 3);

e Propeller anemometer PA, located in the centre of the
gate cross-section, designed to measure the airflow velo-
city independently of the direction at a point [m/s] (see
Fig. 3).

The values measured by the above-mentioned detecting ele-
ments on 16/06/2015 from 5:00 a.m. to 12:00 p.m. were eva-
luated; the records obtained during the following periods of
the day-time metro operation were used for the evaluation:

e morning rush hours 6:00 a.m.—9:00 a.m., 120s time inter-

val between metro trains;

e normal intensity operation 11:00 a.m.-2:00 p.m. , 210s
time interval between metro trains;

e afternoon rush hours 4:00 p.m. —7:00 p.m., 120s time
interval between metro trains; 210s after 6:00 p.m.

Individual measurements — detecting elements:

e MOO [Pa] measures atmospheric pressure;

e MOI1 [m/s] measures the difference between the LT grid
(total pressure) and the Prandtl probe PP (static pressure);
LT — PP- the result is the dynamic pressure and the cal-
culation of the mean velocity of the flow within the fire
gate cross-section [m/s] (see Fig. 4);

e MO3 [m/s] measures the difference between the RT grid
(total pressure) and the Prandtl probe PP (static pressure);
RT — PP- the result is the dynamic pressure and the cal-
culation of the mean velocity of the flow within the fire
gate cross-section [m/s] (see Fig. 4);

e MO04 [Pa] measures the difference between the space
behind the gate (BG) (static pressure) and the Prandtl
probe PP (static pressure BG — PS; it measures the diffe-
rence in the static pressure acting on the right-hand leaf
of the fire gate [Pa]. Positive values — the flow direction
from the right-hand tunnel tube; negative values - the
flow direction from the left-hand tunnel tube (see Fig. 6);

¢ MO2 [Pa] measures the difference between the space behind
the gate (BG) (static pressure) and the static pressure TU in
the left-hand tunnel tube; it measures the difference in the
static pressure acting on the right-hand leaf of the fire gate
[Pa] BG — TU. Positive values — the flow direction from the
right-hand tunnel tube; negative values - the flow direction
from the left-hand tunnel tube (see Fig. 5).
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Obr. 4 Extrémni hodnoty rychlosti proudéni v prurezu poZdrnich vrat, méreni MO1 LT (celkovy tlak, levy tunel) — PS (Prandtlova sonda, staticky tlak v propojce),
meéreni M03 — PT (celkovy tlak, pravy tunel) — PS (Prandtlova sonda, staticky tlak v propojce)
Fig. 4 Extreme values of the velocity of the airflow within the cross-section of fire gate M01 (LT- PP), M03 (RT- PP)

e MO04 [Pa] méri diferenci zadvefi ZA (staticky tlak) proti Extreme measured values were selected and depicted in the

Prandtlové sondé PS (staticky tlak) ZA — PS, méfeni roz-
dilu statického tlaku pusobiciho na pravé kiidlo poZar-
nich vrat [Pa]. Kladné hodnoty — smér proudéni od pra-

graph for measuring devices MO1, M02, M03, M04:
e TA [m/s] — thermo anemometer measurements of airflow
velocity in the cross-section of the open fire gate in cross
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Obr. 5 Extrémni hodnoty rozdilu tlaku mezi ZA (zddveri pravého kridla poZdrnich vrat) a TU (staticky tlak v levém tunelu), méreni M02 (ZA — TU)
Fig. 5 Extreme values of the difference between BG (the space behind the right-hand leaf of the fire gate) and TU (static pressure in the left-hand tunnel tube)

MO02 (BG - TU)
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Obr. 6 Extrémni hodnoty rozdilu tlaku mezi ZA (zddveri pravého kridla poZdrnich vrat) a PS (Prandtlova sonda v prurezu poZdrnich vrat), méreni M04 (ZA - PS)
Fig. 6 Extreme values of the pressure difference behind BG (the right-hand leaf of the fire gate) and PP (Prandtl probe within the cross-section of the fire gate)

MO04 (BG - PP)

vého tunelu, zdporné hodnoty — smér proudéni od levého
tunelu (obr. 6);

e MO02 [Pa] méri diferenci statického tlaku zddveri ZA
proti statickému tlaku TU v levém tunelu, méfeni rozdi-
lu statického tlaku pusobiciho na pravé kiidlo poZarnich
vrat [Pa] ZA — TU. Kladné hodnoty — smér proudéni od
pravého tunelu, zdporné hodnoty — smér proudéni od
levého tunelu (obr. 5).

Extrémni naméfené hodnoty — pro prubéhy méfeni, ¢idla
MO1, M02, M03, M04 byly vybrany extrémn{ hodnoty a pod-
robné zobrazeny v grafu:

¢ TA [m/s] — méfeni rychlosti proudéni vzduchu termoane-
mometrem v prufezu otevienych poZdrnich vrat v tratové
propojce 2.4 (obr. 7);

¢ VA [m/s] — méfeni rychlosti proudéni vzduchu vrtulko-
vym anemometrem v prufezu otevienych poZédrnich vrat
(obr. 7).

VYHODNOCENI VYSLEDKU MERENI

Funkce tratové propojKy z hlediska sniZovani viivu
pistového udinku metra

Méfeni MO1, MO3, VA, TA, zaznamenalo prumérné rych-
losti proudéni vzduchu v profilu otevienych pozarnich vrat
o velikosti 3,6x2,6 m, plocha 9,36 m2. Pfi prujezdu vlaka
vzduch pres uvedenou propojku proudil do druhého tratového
tunelu max. rychlosti 14—18 m/s. Pramérnd hodnota rychlosti
proudéni pfi prujezdu vlaka je 10 aZ 14 m/s. Z uvedeného
méfeni vyplyvd, Ze pres tratovou propojku proudi mnoZstvi
vzduchu:

passage 2.4 (see Fig. 7);

e PA [m/s] — propeller anemometer measurement of airflow
velocity in the cross-section of the open fire gate (see
Fig. 7).

EVALUATION OF MEASUREMENT RESULTS

The function of a cross passage from the aspect of
reducing the influence of the piston effect of metro trains

Measurements MO1, MO03, PA and TA recorded average airf-
low velocities in the 3.6x2.6m profile of the open fire gate
(the cross-sectional area of 9.36m2). During the passage of
trains, air flew to the other running tunnel at the velocity of
14-18m/s. The average value of airflow velocity during the
passage of trains is 10 to 14m/s. It follows from the above-
mentioned measurement that the following amount of air
flows through the cross passage:

e 90m3/s to 130m3/s during the passage of trains as an ave-

rage;

e 120m3/s to 160m3/s during the passage of trains as

a maximum.

The piston effect of a train passing through the tunnel tube
at the maximum speed of 60-80km/h causes the pressure of ca
400 to 500Pa. The pressure induces the pulling force of ca
7600 to 9500N. The pulling force of the metro train induces
the flow of air at the rate of ca 160 to 200m3/s. The above-
mentioned values were determined by a calculation according
to EN 14 067-1 and EN 14 067-3 Railway applications —
Aerodynamic in tunnels [2]. It follows from the above-menti-
oned text that ca 60 to 70% of air circulates inside the tunnel
through cross passages.

The piston effect of metro trains causes a change in the
pressure in the cross passage, an increase in the pressure
ahead of the running train of 180Pa as the maximum and
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Obr. 7 Méreni rychlosti proudéni vzduchu v prurezu otevienych poZdrnich vrat — TA termoanemometr, VA vrtulkovy anemometr
Fig. 7 The measurement of the airflow velocity within the cross section of the open fire gate — TA thermal anemometer, PA propeller anemometer

e prumérné pfi prujezdu vlaka 90 m3/s az 130 m3/s;
e maximdlné pfi prujezdu vlaku v obou tunelech soucasné
120 m3/s az 160 m3/s.

Vlak metra pfi prijezdu v tunelu max. rychlosti 60-80 km/h
vyvold pistovym ucinkem tlak v tunelu cca 400 az 500 Pa,
ktery zpusobi taZnou silu cca 7600 az 9500 N. Taznd sila
vlaku metra vyvold v tratovém tunelu proudéni vzduchu cca
160 az 200 m3/s vzduchu. Uvedené hodnoty byly stanoveny
vypoctem podle EN 14 067-1, EN 14 067-3 Railway applica-
tions — Aerodynamic in tunnels [2]. Z uvedeného vyplyvd, Ze
cca 60 az 70 % vzduchu cirkuluje v tunelu pres tratové pro-
pojky.

Pistovy tu¢inek vlaku metra vyvold v tratové propojce tlako-
vou zménu, ndrust tlaku pred jedoucim vlakem max. 180 Pa
a pokles tlaku za jedoucim vlakem az o —150 Pa, viz M02,
MO4.

Uvedené zmény tlaku se §ifi rychlosti zvuku tratovym tune-
lem, pfi teploté vzduchu v tunelu 15 °C je rychlost zvuku
v tunelu ¢ = 331,57+0,607*15 =340,7 m/s, az do stanice na
nastupisté, kde se ndsledné zména tlaku vyrovndva pres
vystupy na povrch (eskaldtorové tunely, schodist€¢) a krat-
kodobé zpusobuje negativni nadmérné proudéni vzduchu (cca
6 m/s). Tratové propojky zde pusobi na vyrovnavani tlaku
mezi tratovymi tunely a omezuji nédrust tlaku ve stanicich
metra.

Z uvedeného méfeni vyplyvd, Ze tratové propojky vyznam-
né snizuji vliv pistového dG¢inku vlaki metra, ale neodstrani
jej zcela. Pro tcinnéjsi sniZeni vlivu pistového t¢inku by bylo
nutné propojky zvétsit na plochu srovnatelnou s tratovym
tunelem, cca 20 m2.

Sily puisobici na oteviiena kiidla pozarnich vrat v propojce

Z duvodu zajisténi bezpelnosti v pfipadé nehody, poZdru
vlaku v tunelu a ndsledné evakuace cestujicich do druhé tune-
lové trouby jsou mezi tunely tnikové propojky, které musi byt
opatfeny pozarnim predélem mezi tunely. V propojkach jsou
vrata trvale oteviend a zajisténd elektromagnetem, aby bylo
mozné je ddlkové uzavrit v pripadé nehody, poZdru v tunelu

a decrease in the pressure behind the running train by up to
150Pa, see M02 and M04.

The above-mentioned pressure changes propagate along
the running tunnel at the speed of sound (the speed of sound
in the tunnel at the temperature in the tunnel of 15°C is ¢ =
331.57+0.607*15 = 340.7 m/s) up to a station platform,
where the change in pressure is subsequently equalised
through exits to the surface (escalator tunnels, staircases) and
causes short-term negative excessive flowing of air (ca
6m/s). The cross passages help to equalise the pressure bet-
ween running tunnels and reduce the increase in the pressure
in metro stations.

It follows from the above-mentioned measurement that
cross passages between running tunnels significantly reduce
the influence of the piston effect induced by metro trains, but
do not remove it completely. It would be necessary to enlarge
the cross-sectional areas of cross passages to an area compa-
rable with that of a running tunnel, i.e. to ca 20m2.

Forces acting on open leaves of the fire gate in the cross
passage

There are escape cross sections between running tunnels
designed to ensure safety in the case of an accident or a train
in fire in the tunnel. They allow for subsequent evacuation of
passengers to the other tunnel tube. They have to be provided
with a firebreak installed between tunnel tubes. The gates in
cross passages are permanently open and are secured by elect-
romagnets so that it is possible to close them remotely in the
case of an accident, a fire in the tunnel etc. The maximum
pressure of 180Pa acts on the open leaf (110Pa on average),
with the corresponding force equal to:

e 180 Pa * 4.7m2 = 846N as the maximum,

e 110 Pa * 47m2 = 517N as the average.

Each gate leaf is currently secured by a single electromag-
net with the holding capacity of 150kg (1500N). We propose
that each leaf be held by two electromagnets with identical

capacities (150kg), installed on horizontal hinges.
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apod. Na oteviené kiidlo pusobi max. tlak 180 Pa, prumérné CONCLUSION
110 Pa, tomu odpovida sila:

e max. 180 Pa * 4,7 m2 = 846 N,

e prumérné 110 Pa * 4,7 m2 =517 N.

V soucasné dobé je kazdé kridlo zajisténo jedinym elektro-
magnetem na 150 kg (1500 N). Z duvodu zaji§téni dostate&né

It follows from the above-mentioned measurement that
cross passages between running tunnels significantly reduce
the influence of the piston effect of metro trains, but they do
not remove it completely. It would be necessary for the

bezpenosti uchyceni kiidel pozarnich dvefi je navreno more efficient reduction of the influence of the piston effect
uchycen{ kazdého kiidla dvéma elektromagnety stejné hodno- | to increase the cross-sectional areas of cross passages
ty (150 kg) a na horizontdlnim kloubu. to areas comparable with the areas of running tunnels, i.e.
ca 20m2.
ZAVER It was proved by the measurement that the forces acting
Z uvedeného meéreni vyplyvd, Ze tratové propojky vyznam- due to the piston effect on a leaf of the open fire gate in the
né snizuji vliv pistového u¢inku vlaki metra, ale neodstrani cross passage do not exceed 1000N. The proposed fixing of
jej zcela. Pro G¢innéjsi sniZent vlivu pistového ucinku by bylo a leaf of a fire gate by means of two electromagnets with the
nutné propojky zvétsit na plochu srovnatelnou s tratovym holding force of 1500N is satisfactory.

tunelem, cca 20 m2.
Meéfenim se prokdzalo, Ze sily pusobici vlivem pistového
uc¢inku na kridlo otevienych pozéarnich vrat v propojce nepre-

ALTERNATIVE SOLUTIONS

sahuji hodnotu 1000 N. NavrZené uchyceni kiidla poZzdrnich The following other systems are used in the development
vrat pomoci dvou elektromagnetu s pridrznou silou 1500 N of metro with single-track running tunnels and cut-and-
vyhovuje. cover stations to remove the influence of the piston effect of
. , metro trains.

ALTERNATIVNI RESENI The construction of ventilation shafts designed to reduce

Pfi vystavbé metra s jednokolejnymi tunely a hloubenymi | the pressure of air in the tunnel induced by the piston effect
stanicemi se pro odstranéni vlivu pistového t¢inku metra pou- | of metro trains. The shafts with the cross-sectional areas of
Zivaji i dal3f systémy. ca 16 to 20m?2 are installed at both ends of a station, in cut-

Vystavba vétracich Sachet pro snizeni tlaku vzduchu
v tunelu zpusobeného pistovym d¢inkem vlaka metra o plose
cca 16 az 20 m2, které se instaluji na obou koncich stanice
v hloubené &asti. Sachty propojuji tratové tunely s povrchem
a jsou kombinované s mechanickym vétrdnim metra.

and-cover parts. The shafts connect the running tunnels with
the surface. They are combined with a mechanical metro
ventilation system. The advantage of this system is the fact
that the undesirable changes in the pressure originating in

Vyhodou tohoto systému je, ¢ nezddouci tlakové zmény a metro tunnel due to the piston effect are equalised with the
vzniklé vlivem pistového d¢inku v tunelu metra jsou vyrovna- pressure on the surface before stations. The significant eco-
vany pred stanicemi s povrchem. Nevyhodou je zna¢nd eko- nomic demands of building these shafts and the necessity
nomickd ndro¢nost na vybudovéni téchto Sachet a nutnost zis- for obtaining free space for ending the two shafts on the sur-
kani volného prostoru pro vyusténi obou vétracich Sachet na face, which is usually a serious problem in urban develop-
povrchu, coz byva v zdastavbé mésta znaény problém. ments, are the disadvantage.

Prostor ndstupi$té je oddélen od tratovych tuneld proskle-
nou sténou s automaticky oteviratelnymi dvermi ve sténé pri
prijezdu vlakové soupravy. Nutné je samostatné odsdvaci
vzduchotechnické zafizeni pro tunely a vlastni stanici
v pripadé pozaru. U raZenych jednolodnich stanic, které jsou
na prazském metru realizovdny na trase A, C a pripravuji se

The platform space is separated from running tunnels by
a glazed wall with doors in it, which automatically open on
the metro train arrival. Separate sucking ventilation systems
are necessary for tunnels and the station itself in the case of
a fire. In mined one-vault stations, which were realised on

na trase D, by musela byt prosklenad sténa prili§ vysoka, coz je Prague metro on the lines A and C and are being prepared

staticky ndro¢né a neredlné. Systém je vhodny pro hloubené | for the line D, the glazed wall would have to be too high,

stanice. which is structurally demanding and unrealistic. The system
Je mozné provedeni vystupnich dvefi se zddvefim, aby se is suitable for cut-and-cover stations.

zvysila tlakova ztrta vystupu na povrch, a tim se sniZilo Exit doors of concourses are provided with separate spa-

mnoZstvi proudiciho vzduchu pres vystupni dvete. ces behind them so that the pressure loss at the exit to the

surface is reduced and the amount of the air flowing through

Ing. MIROSLAV NOVAK, the exit doors is diminished.
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BEZBARIEROVE ZPRISTUPNENI STANICE METRA ANDEL
STEP-FREE ACCESS FOR ANDEL METRO STATION

PAVEL BURIAN, MIROSLAV KOCHANEK

ABSTRAKT

Bezbariérové zpristupnéni stanice metra Andél na trase metra I.B predstavuje novy zpiisob reSent, které dosud nebylo na praZském
metru realizovdno. Jednd se o vytahovou Sachtu umisténou na povrchu s navazujici prestupni chodbou v podzemi a dvojici dalSich
vytahovych Sachet zaiistenych do stredniho stani¢niho tunelu stdvajici trojlodni stanice. Toto uspordddni umoZnuje bezbariérovy pri-
stup cestujicich z uli¢ni virovné na ndstupiste stdvajici stanice. Soucdsti tohoto reSeni jsou také rozsdhlé stavebni zdsahy do osténi a
nosnych konstrukci ve verejnych i sluZebnich prostordch provozované stanice metra. VSechny tipravy byly provddeny za provozu
metra s minimdlnim omezenim pro cestujici. Stanice je zpristupnéna z tirovné terénu v misté ndrozi Nddrazni ulice a ulice Bozdéchovy
pomoct kaskddy osobnich vytahii. Z virovné chodniku vede dvojice osobnich vytahu do prestupni chodby umisténé vyskové tésné nad
klenbou stanice. Z této prestupni chodby vede potom druhd dvojice osobnich vytahii na ndstupisté stanice metra. Vedle téchto vyta-
hii je mezi prestupni chodbou a ndstupistém umisténo také sluzebni a vinikové schodisté. V prestupni chodbé je umisténa odbavova-
ci linka pro cestujici a tlakovy uzdver (stanice je soucdsti ochranného systému metra, ktery bylo nutné respektovat).

ABSTRACT

The construction of the step-less access to Andel metro station on the metro Line B section No. 1 (the so-called Line 1.B) represents
a new way of the solution, which has not been realised on the Prague metro network yet. The solution lies in a lift shaft starting on the
surface with an interchange gallery connecting it in the underground and a couple of other lift shafts ending in the central station tun-
nel of the existing 3-vault station. This arrangement allows for a step-free access of passengers from the street level to the platform of
the existing station. Extensive construction interventions into the lining and bearing structures in the public circulation space as well
as the service spaces of the operating metro station are parts of the solution. All work was carried out without interrupting the metro
operation, with minimum restriction on the movement of passengers. The access to the station is now possible from the terrain surface,
from the corner of Nddrazni Street and Bozdéchova Street, via a cascade of passenger lifts. Two passenger lifts lead from the street level
to the interchange gallery located at the level just above the top of the station vault. Another pair of lifts leads from this gallery to the
metro station platform. In addition to the lifts, there is a service and escape staircase between the interchange gallery and the platform.
There is the border marking the compulsory ticket area with ticket validators. A manlock is installed in the gallery (the station is part
of the metro protection system, which fact had to be respected).

uvobp

Stanice metra And¢l je situovédna jihozdpadné od kfiZzovat-
ky ulic Nadrazni — Plzenska (kfiZovatka Andél), v prostoru
vymezeném ulicemi Plzenskou, Néadrazni, Za Zensk}’/mi do-
movy a Stroupeznického. Stanice zajiStuje obsluhu obchod-
niho a administrativniho centra Smichova a sou¢asné ma tato
stanice i silnou vazbu na ndvaznou méstskou hromadnou
dopravu.

vétraci Stola

;—J acss | 4
Obr. 1 Zdkres stavby do ortofotomapy
Fig. 1 Plotting the structure in the orthophoto map

| ventilation shaft

INTRODUCTION

Andé€l metro station is located south-west of the intersecti-
on between Naddrazni and Plzenskd Streets (the Andél
Intersection), in the space delimited by Plzenskd, Nadrazni,
Za Zenskymi Domovy and StroupeZnického Streets. The sta-
tion provides servicing of the commercial and administrative
centre of Smichov. At the same time, this station has got
a strong relation to the linking urban mass transit system.

piestupni chodba
interchange gallery
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Obr. 2 Podélny Fez prestupni chodbou a Sachtou S1 (z realizaéni dokumentace stavby)

Fig. 2 Longitudinal section through the interchange gallery and shaft S1 (fro

Stanice je razend trojlodni pilifovd, unifikovaného typu
s dal$imi tfemi stanicemi trasy 1.B, pri osové vzdalenosti
koleji 21 m. Pilife a pruvlaky jsou ocelové, osténi stanice je
montovédno z Zelezobetonovych dilcd kruhového profilu
7,8/8,8 m. Technologicky tunel je situovdn mezi tratové
tunely smérem ke stanici Karlovo ndmésti. S povrchem je
stanice And€l spojena z obou koncu stfedni lod€ eskaldtoro-
vymi tunely dsticimi do dvou vestibuli. Jizni vestibul je
podzemni a je situovan pii ulici Za Zenskymi domovy.

Obr. 3 Kiosek vytahu v uliéni drovni
Fig. 3 Kiosk for lifts at the street level

m the detailed design)

The station is a mined 3-vault pylon-type structure of the
type unified with other three stations on the Line 1.B; the track
centre distance is 21m. The pylons and bearing beams are
made of steel; the station lining was assembled from reinfor-
ced concrete segments designed for a ring profile diameter of
7.8/8.8m. A service and equipment tunnel is located between
running tunnels, heading toward Karlovo Namésti station.
Andél station is connected with the surface from both ends of
the central platform by escalator tunnels ending in two con-
courses. The southern concourse is located underground. It is
located next to Za Zenskymi Domovy Street. The northern
concourse is of the at-grade type. It is located near the Andél
Intersection; the Zlaty Andél commercial and administrative
centre was built around this concourse.

The step-free access to And¢l metro station using a cascade
of passenger lifts is designed to lead from the pavement level
at the corner of Nddrazni Street and Bozdéchova Street. The
first pair of lifts leads from this level to the new interchange
gallery in the underground. The lifts are installed in an oval lift
shaft (S1), which was excavated from the terrain surface (see
Fig. 3). The mined horseshoe-shaped profile interchange galle-
ry is connected to the bottom of this shaft. In the ground plan,
it leads to the lifts to the station. The interchange gallery is
located at the level just above the vault of the existing 3-vault
station. In the section above the side station tunnel and the
central station tunnel, the gallery cross-section height is incre-
ased and branches toward the lift (§2) to the station and the lift
and a safety rescue staircase to the station (S3) lead to both
sides. The interchange gallery ends above the beginning of the
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Severni vestibul je povrchovy a je umistén pobliz kfiZovat-
ky Andél a kolem néj je vybudovdno obchodné-administra-
tivni centrum Zlaty Andél.

Bezbariérové zpristupnéni stanice metra Andél je navrze-
no z urovné chodniku na ndrozi ulice Nadrazni a ulice
Bozdéchovy pomoci kaskddy osobnich vytahu. Z této drov-
né vede prvni dvojice osobnich vytahi do nové prestupni
chodby v podzemi. Vytahy jsou umistény v ovalné vytahové
Sachté (él) hloubené z terénu (obr. 3). Na tuto Sachtu ve
spodni ¢dsti navazuje razend prestupni chodba podkovovité-
ho pfi¢ného prufezu, kterd je smérové vedena k vytahum do
stanice. VySkove je prestupni chodba umisténd tésné nad
klenbou stdvajici trojlodni stanice. V tseku nad krajnim
a stfednim stani¢énim tunelem je chodba provedena
v navySeném profilu, ze kterého jsou nad stfednim tunelem
na obé strany provedeny odbocky k vytahu (S2) do stanice
a vytahu s bezpecnostnim tnikovym schodi$tém do stanice
(S3). Prestupni chodba je ukonéena nad zaitkem druhého
boc¢niho tunelu. Vytahové Sachty a sluzebni schodisté pro-
chdzeji nastupi§tnim prostorem ve stfednim tunelu a zasahuji
aZ do prostoru pod ndstupi§tém. Poloha vytaht na ndstupisti
je déna dispozici technickych prostor v tirovni pod nastupis-
tém. V prestupni chodbé je umisténa odbavovaci linka
a tlakovy uzavér, nebot’ provozovand stanice je v ochranném
systému metra.

Dodate¢né zrizeni vytahu v provozované stanici metra byl
ndro¢ny technicky problém jak z hlediska projektu, tak
i z hlediska provadéni. Pfi zpracovani projektu bylo nejprve
tfeba najit na uli¢ni drovni vhodnou polohu vytahu
s prihlédnutim k vedeni inZenyrskych siti a za podminek
danych poZadavky ucastniku Fizeni o umisténi stavby. Ve
stanici vychdzela poloha vytaht v podélném i pri¢ném sméru
z konstrukéni skladby nosného osténi stanice a byla umiste-
na tak, aby vyhovovala prostorovym poZadavkim na ndstu-
pisti a minimalizovala nutné zasahy do dispozi¢niho feSen{
technologickych prostor pod ndstupistém. Vlastni prestupni
chodba potom nejkrat§im moZnym zpusobem propojila
néstupy a vystupy z kaskddy vytahu. Projekt zadsténi vytahu
do stdvajici stanice vychdzel z podminek trvalého provozu
cestujicich na ndstupisti a minimalizace zdboru staveniSte.
Rovnéz u vétsiny technologickych zafizeni musel byt zacho-
van trvaly provoz s pfipadnym minimalnim omezenim.

VétSina problému béhem realizace vznikala pfi kontaktu
s konstrukcemi provozované stanice, kde nékteré skutec-
nosti nebyly patrné z archivnich podkladu a ani je nebylo
mozné v predstihu dostate¢né provérit. Jednalo se napriklad
o skute¢ny stav ocelovych pruvlaku nad pilifi postizenych
zvySenou korozi, nedostatené vyplnéné spary v monto-
vaném osténi, nedostateéné dnosné vyplnové betony ve dné
tunelu atd. Pfi razbdch prestupni chodby se objevily zbytky
konstrukei z predchozi vystavby metra, které nebyly patrné
z dochovanych archivnich projektu (stropni §toly nad sta-
ni¢nimi tunely, injektaZni trubky po sanacich horninového
prostiedi v okoli stanice). Dalsi problémy vznikaly
z podminek od dozorujicich orgdnu statni spravy (povolo-
vani zdbora, trhacich praci, hlukové limity atd.).

GEOLOGICKE A HYDROLOGICKE POMERY

Vystavba probihala ve slozitych geologickych pomérech
ovlivnénych zejména pritomnosti nesoudrznych zvodnélych
fluvidlnich sedimenti v nadloZi a tektonicky vyznamné
porusenym horninovym prostfedim v oblasti stanice Andél.

TuHel

other side station tunnel. The lift shafts and the service stairca-
se are located in the platform space in the central station tun-
nel and extend even to the space under the platform. The loca-
tion of the lifts on the platform is determined by the layout of
service spaces at the level under the platform. There is the bor-
der marking the compulsory ticket area with ticket validators.
A manlock is installed in the gallery (the station is part of the
metro protection system, which fact had to be respected).

The additional installation of a lift in the operating metro
station posed a complicated technical problem from the aspect
of both the design and execution. When the design was being
carried out, it was first of all necessary to find a place on the
surface suitable for the lifts, taking into consideration existing
infrastructural services and conditions following from the
requirements of the parties to the construction location decisi-
on proceedings. Inside the station, the location of lifts both in
the longitudinal and transverse direction resulted from the
structural arrangement of the load-bearing lining of the station.
The locations of lifts were to meet spatial requirements on the
platform and to minimise the necessary interventions into the
layout solution to the service spaces under the platform. The
interchange gallery interconnected the entries to and exits from
the cascade of lifts in the shortest possible way. The design for
the connection of lifts to the existing station proceeded from
the conditions for permanent movement of passengers on the
platform and minimisation of acquisition of space for the con-
struction site. Permanent operation with the possibility of
minimum restriction had to be maintained also for the majori-
ty of technological facilities.

The majority of problems during the construction originated
on contact with the structures of the operating station, where
some facts were not obvious from archive documents and it
was not possible to verify them sufficiently in advance. Among
them there were, for example, the actual condition of the bea-
ring steel beams above the pylons, which were affected by inc-
reased rusting, insufficiently filled joints in the segmental
lining, insufficient loading capacity of mass concrete at the
tunnel bottom etc. Remains of structures from the previous
metro construction which were not obvious from the preserved
archive designs (drifts over station tunnels, grouting tubes after
the improvement of ground environment in the station sur-
roundings) were revealed during the course of the interchange
gallery excavation. Other problems originated from conditions
stipulated by governmental agencies (authorised to approve the
use of land, blasting, noise limits etc.).

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The construction proceeded in complex geological conditi-
ons affected first and foremost by the presence of incohesive
water-bearing fluvial sediments existing in the overburden and
tectonically significantly disturbed ground environment in the
area of Andé¢l station.

The construction of the ca 30m deep lift shaft was influen-
ced by a significant 7 to 8m thick aquifer in the fluvial sedi-
ments (gravels) with high permeability and yield. For that rea-
son the technique using secant bored piles keyed into the bed-
rock minimally 6m deep.

The bedrock in the area of interest is made up of Ordovician
rock, the Liben Shale, which was locally affected by tectonic
faulting. Overbreaks that had originated in tectonically faulted
zones during the construction of Andél station were historical-
ly recorded in this area. The bedrock surface is at the depth of
14 to 16m under the terrain surface.

The excavation of the interchange gallery passed through
locally tectonically faulted competent or slightly weathered
clayey shale and the Liben Formation clayey-silty shale. From
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Vystavba vytahové Sachty hloubky cca 30 m byla ovlivné- the geotechnical point of view, the excavation was divided into
na vyraznou zvodni o mocnosti 7 aZ 8 m ve fluvidlnich sedi- NATM excavation support classes 4, Sa and 5b. The height of
mentech (Stérky), se znaCnou propustnosti a vydatnosti. the rock overburden above the interchange gallery ranged from
Proto pro zapaZeni Sachty byla zvolena technologie prevrta- 6 to 8m. The rock overburden was formed by shales, which

were slightly to moderately weathered or totally weathered at

vanych pilot vetknutych min. 6 m do skalniho podkladu.

Skalni podloZzi zdjmového dzemi tvori ordovické horniny
libeniskych bridlic, které byly mistne€ ovlivnény tektonickym
porusenim. Historicky byly z této oblasti zaznamendny
zejména nadvylomy vznikle v tektonicky porusengch zénich Regarding the corrosive effects on concrete structures, the
pfi vystavbé stanice metra Andél. Povreh skalniho podlozi se structure was classified as a structure resisting a medium
nachdzi v hloubce 14 az 16 m pod terénem. degree of aggression XA2.

RazZba prestupni chodby probihala ve zdravych, pripadné
navétralych jilovitych a jilovito-prachovitych bridlicich GEOTECHNICAL MONITORING
libenského souvrstvi, s mistnim tektonickym porusenim.
Z hlediska geotechnického hodnoceni byly razby zatfidény
do technologickych tfid NRTM 4, 5a a 5b. Vys$ka skalniho

the base.

Groundwater encountered during the excavation of the gal-
lery through the rock environment was bound to fissure sys-
tems with a possible increase in inflows in the faulted zones.

Geotechnical monitoring was carried out with the aim of
observing the negative effects of the construction on the ground
surface, surrounding buildings, underground structures and uti-

nadloZi nad piestupni chodbou se pohybovala od 6 do 8 m. lity networks. The condition survey of neighbouring 7 buil-
Skalni nadloZi bylo tvoreno bfidlicemi mirn€ az silné zvét- dings, including Zlaty Andél commercial centre, a sewer in the
ralymi a na bdzi zcela zvétralymi. overburden of the interchange gallery in Bozdéchova Street, the
Podzemni vody pri razbé Stoly ve skalnim prostredi byly terrain surface and And¢l metro station structures was carried
véazdny na puklinové systémy s moznymi zvySenymi pritoky out prior to the commencement of the construction work. Apart
v poruchovych zéndch. Z hlediska agresivnich G¢inkd na | from the geotechnical face mapping, the measurements carried
betonové konstrukce byla stavba klasifikovdna jako kon- out during the construction covered the deformations of the pri-
strukce se stfednim stupnm agresivity XA2. mary lining of the mined working, deformations of the Andél
metro station lining, deformations of the above-mentioned

GEOTECHNICKY MONITORING sewer and deformations of buildings and the surface in the vici-

j ) B o nity. Extensometer measurements from the surface in
Pro sledovéni negativniho pusobeni dcinku stavby na Bozdéchova Street and checking on loads acting on the existing

povrch, okolnf zdstavbu, podzemni objekty a inZenyrskeé sité station lining and the primary lining of the working being
byl provéddén geotechnicky monitoring. Pfed zahdjenim stav- mined by strain gauges and pressure transducers were also parts
by byla provedena pasportizace sousednich sedmi domu, v¢. of the monitoring. In addition, seismic and acoustic effects of
obchodniho centra Zlaty Andél, stoky v nadloZi prestupni blasting operations were continually checked. The condition of
chodby v Bozdéchové ulici, povrchu terénu a konstrukcf sta- the above-mentioned buildings and structures was resurveyed
nice metra Andél. Béhem vystavby pak kromé geotechnické- after the completion of the excavation.

ho sledu raZeb byly méreny deformace priméarniho osténi
razeného dila, deformace osténi stanice metra Andél, defor- §1 SHAFT — EXCAVATION

mace jiz zminéné stoky a deformace okolnich budov The vertical shaft for the pair of lifts has got an oval cross-
a povrchu. Souddsti monitoringu byla i extenzometricka section and is 30.3m deep. Because of different hydrogeologi-
méfeni z povrchu v Bozdéchové ulici a kontrola zatizen{ sta- cal conditions the shaft was divided along the height into two
vajiciho osténi stanice a primarniho osténi razeného dila ten- different technological parts. The support of the upper part in
zometry a tlakovymi snimadi. RovnéZ byly priibézné kontro- water-bearing sediments consisted of 19.95m long secant bored

£ s piles & 1180mm. The secondary piles were reinforced with

lovany seismické a akustické uc¢inky trhacich praci. Po ukon-
¢eni raZzeb byla provedena repasportizace vySe uvedenych
objektu.

welded reinforcement cages from B500B steel. The shaft was
reinforced with a 1000mm high and 300mm wide horizontal
reinforced concrete frame at two levels. With the excavation
depth growing, the surface of the pile wall was cleaned with

SACHTA §1 - HLOUBENI pressurised water and was provided with a minimum 150mm

Svisld Sachta pro dvojici vytahi md ovdlny pfi¢ny profil thick layer of C25/30 shotcrete. The shotcrete layer surface was
a je hlubokd 30,3 m. Z davodu rozdilnych hydrogeologic- smoothed as a base for the subsequent application of the spray-
kych poméru byla Sachta po vy3ce rozdélena na dvé ruzné ed-on waterproofing. The shotcrete was reinforced with one
technologické &dsti. Zajistén{ horni &4sti ve zvodnélych sedi- | layer of welded mesh 6/100x6/100mm, which was anchored to
mentech bylo provedeno z pievrtivanych pilot & 1180 mm each primary pile with steel dowels. Cement grouting designed

to prevent seepage of water along the piles to the mined part
was carried out under the toes of the piles.

A sewer draining a part of Zlaty Andé€l building was acciden-
tally drilled through and filled with concrete during the course
of the execution of the pile walls. The location of the sewer
encountered by the construction work was not registered in any
of the documents owned by the network administrator and the
owner did not give notice of it during the construction site han-

délky 19,95 m. Sekunddrni piloty byly vyztuZeny svarova-
nymi armokosi z oceli B500B. Sachta byla ve dvou vysko-
vych drovnich opatfena ztuzujicim Zelezobetonovym vén-
cem vySky 1000 mm a §itky 300 mm. S postupnym hloube-
nim byl lic pilotové stény ocistén tlakovou vodou a byl opat-
fen vrstvou stiikaného betonu C25/30 tloustky min. 150 mm.
Povrch stfikaného betonu byl uhlazovan jako podklad pro

nédsledné provadéni stifkané hydroizolace. Stiikany beton byl dover. Remains of foundations of the buildings which were
vyztuZen jednou vrstvou ocelovych siti 6/100x6/100 mm, demolished during the construction of the metro were in additi-
zakotvenou do kazdé primdrn{ piloty pomoci trnu. Pod patou on encountered during the shaft excavation.

pilot byla provedena cementové injektdz, kterd bréanila pru- The part of the shaft carried out in mining-like way starts at the
sakum vody podél pilot do razené &ésti. level of the toes of the piles; it is 9.66m deep. The excavation
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Obr. 4 ZardzZka Stoly pod ochranou destniku z jehel
Fig. 4 Opening drift under the protection of a spiling umbrella

Pri provéadéni pilotovych stén doslo k prevrtani kanalizace
odvodnujici ¢dst objektu Zlatého Andéla a jejimu vyplnéni
betonem. Stavbou zjiSténd poloha kanalizace nebyla zanese-
na v Zddném z podkladu spravcu siti, ani na ni pfi predani
staveni$t€ neupozornil majitel. Pfi hloubeni Sachty byly také
zastiZeny zbytky zdkladd domu demolovanych pfi vystavbé
metra.

Cést vytahové Sachty provadéné hornickym zptisobem
zaCind v drovni pat pilot a je hlubokd 9,66 m. Hloubeni
postupovalo po zdbérech 1 m. Vyrub byl zajiStovan primar-
nim osténim ze stfikaného betonu C 20/25 tloustky 270 mm
na dvé vrstvy ocelovych siti 8/150x8/150 mm, doplnénych
prutovymi prilozkami. Osténi bylo kotveno pomoci radidl-
nich svornikd SN & 28 mm a délky 3 m. Jako $ablona tvaru
Sachty se pouzily ocelové vyztuZzné oblouky. V mistech
napojeni prestupni chodby na vytahovou $achtu byl pfi hlou-
beni Sachty nad klenbou S$toly proveden ochranny destnik
z jehel & 35 mm, délky 6 m, injektovanych cementovou
maltou (obr. 4). Rozpojovani hornin se provadélo mechanic-
ky bez pouZziti trhacich praci.

PRESTUPNI CHODBA, SACHTY 82 A 83 - RAZBA

Prestupni chodba propojuje vytahovou Sachtu z uliéni
drovné (spodni stanice dvojice vytaht) s dvéma samostatny-
mi vytahy do stanice. Tyto vytahy jsou zabudovany ve dvou
samostatnych Sachtidch umisténych ve stfednim stani¢nim

A

Obr. 5 Celba kaloty prestupni chodby (5i¥ka vyrubu 5,9 m)
Fig. 5 Interchange gallery top heading face (excavation width 5.9m)

TuHel

proceeded in 1m deep rounds. The excavation was supported by
a 270mm thick C20/25 shotcrete lining. Concrete was sprayed on
two layers of mesh 8/150x8/150mm supplemented by strap pie-
ces. The lining was anchored by means of 3m long radial SN rock
bolts & 28mm. Steel support arches were used as a template.
A protective umbrella from 6m long spiles & 35mm encapsula-
ted with cement grout was carried out during the shaft excavati-
on in the locations of the connection of the interchange gallery to
the lift shaft (see Fig. 4). Rock was disintegrated mechanically
without blasting.

INTERCHANGE GALLERY, SHAFTS $2 AND 33 — EXCAVATION

The interchange gallery links the lift shaft from the street level
(the bottom stations of the pair of lifts) to two independent lifts
leading to the station. These lifts are incorporated into two inde-
pendent shafts located in the central station tunnel. The horizon-
tal alignment of the interchange gallery is influenced by the ori-
entation of the exits from the lifts from the surface in the underg-
round and the orientation of the interchange to the lifts leading
to the platform. For that reason the gallery is in the beginning
twice broken in the ground plan (the total change in the directi-
on by 87.2°); the last directional deviation (by 28°) is above the
station tunnel. The vertical alignment descends along the whole
section at the gradient of 0.5% toward the station. At its end the
gallery is located just above the vault of the station tunnels. The
total length of the interchange gallery amounts to ca 80m.

The adit (interchange gallery) has got a horseshoe-shaped
profile with the uniform thickness of the primary lining of
250mm. The interchange gallery is provided with an invert
throughout its length. The net width of the cross-section is
5.94m and the net height is 4.85m. In a short section at the shaft
the height of this cross-section was increased by 0.50m to allow
the installation of the manlock. The above-mentioned profiles
were sufficient for the installation of the intermediate waterpro-
ofing system and the final lining. The primary lining was built
from reinforced SC25 (C20/25) shotcrete with two layers of
steel mesh 8/150x8/150mm fixed to lattice girders (see Fig. 5).
Grouted spiles of the IBO type, 4m long, and 3m long IBO-type
rock bolts, both with the profiles of &J 28mm and the required
capacity of 120kN as the minimum, were used for the excava-
tion support.

The excavation, i.e. rock disintegration, transport of muck
and installation of the primary support of the interchange galle-
ry, proceeded according to the principles of the New Austrian
Tunnelling Method (NATM) with the so-called horizontal exca-
vation sequence (top heading, bench and bottom). Individual
excavation support classes differed from each other by the
excavation round length and the amount of supporting ele-
ments. In the beginning, rock was disintegrated mechanically (a
tunnel excavator, an impact breaker); small-scope blasting was
applied in harder rock. The definite bearing structures were car-
ried out in the station space concurrently with the excavation
and installation of the primary lining. The muck was transpor-
ted along the gallery by means of a wheeled front-end loader
and was discharged to a 7m? transportation container at the
shaft bottom. Vertical transport in the shaft was provided by and
RDK 300 crane. During the construction, seepage water was
collected at the heading and was pumped over to the basic sump
at the shaft bottom. From this sump, groundwater was pumped
to a sedimentation tank on the surface and discharged to the
urban sewerage via an inductive aquameter. Suction ventilation
system using an axial fan DN600mm was used during the cour-
se of the excavation.

Steel grouting pipes were encountered during the excavation of
the interchange gallery before the station as remains from the sta-
bilisation of the rock mass during the construction of the station.
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tunelu. Smérové vedeni prestupni chodby je ovlivnéno ori- The construction contractor carried out a safety survey pre-bored
entaci vystupu vytahu z povrchu v podzemi a pfestupu na hole and analysed the findings geophysically. The analysis war-
vytahy na ndstupisté. Proto je chodba pudorysné nejprve ned of the possibility of other anomalies as a result of the previ-
dvakrdat zalomend (celkovd zména sméru o 87,2°) ous station excavation. For that reason the designer decided that
a k poslednimu odklonu dochdz{ nad stanici o 28°. VySkové the interchange gallery lining had to be reinforced in the section
Stola v celém useku klesd ve sklonu 0,5 % ke stanici a na above the station tunnels and in the location of its branching to
konci chodby je umisténa tésné nad klenbou stani¢nich tune- | the shafts to ending on the platform.
I4. Celkova délka pfestupni chodby je cca 80 m. In the section above the side station tunnel, the height of the
Stola (pfestupni chodba) ma podkovovity tvar s jednotnou interchange gallery cross-section gradually grew and the galle-

ry was excavated up to the end of the section with the cross-sec-
tion enlarged. With respect to the excavation face of the inter-
change gallery drawing closely to the lining of the existing sta-
tion, the excavation within the last 20m section was permitted
only when the rings of the station lining were supported by defi-
nite reinforced concrete structures of the shafts and the stairca-
se in the station. All of these bearing structures pass through the
platform space in the central tunnel, extend to the space under

tloustkou primarniho osténi 250 mm. Pfestupni chodba byla
v celém dseku provadéna se spodni klenbou. Svétld Sitka
prufezu je 5,94 m a svétld vyska 4,85 m. V kratkém tseku
u Sachty byl tento profil navysen o 0,5 m z duvodu instalace
tlakového uzdvéru. Uvedené profily byly dostate¢né pro
zabudovéani mezilehlé hydroizolace a definitivniho osténi.
Primdrni osténi bylo provddéno z vyztuzeného stfikaného
betonu SB25 (C20/25), S, dvémawpolohan,n ?Cel?V?Ch sftd the platform and are founded on the station lining at the tunnel
8/150x8/150 mm uchycenych na prihradové vyztuzné oblou- |\, The inner surface of the 300mm thick primary lining,
ky (obr. 5). Pro zajisténi vyrubu byly pouZivany injektované which was carried out in this section from SC25 (C20/25)
jehly typu IBO, délky 4 m a svorniky typu IBO v délkich shotcrete reinforced with two layers of mesh 150x150/8x8mm

3 m, oboji o profilu & 28 mm, s poZadovanou tinosnosti min with strap pieces, was offset some 200mm toward the rock.
120 kN. Subsequently, the second strengthening lining reinforced with
Razba, tj. rozpojeni horniny, odvoz rubaniny a primdrni | rebars and flush frames incorporated around the circumference
zajisténi Stoly prestupni chodby postupovala podle zdsad of openings for the galleries branching toward S2 and $3 lifts,
Nové rakouské tunelovaci metody (NRTM) s horizontdlnim was carried out in the originated space after the completion of
¢lenénim vyrubu. Jednotlivé technologické tfidy vyrubu se the gallery excavation up to the end of the gallery. The contour
od sebe 1isily délkou zdbéru a mnozstvim vyztuzovacich pro- of the net internal surface of the primary lining after final treat-
stfedkt. Rozpojovani horniny se provddélo zpo&atku mecha- ment is identical with the contour of the basic cross-section.
nizované (tunelbagr, impaktor), v pevnéjsich horninach byly The gallery has the horseshoe shape in this section. It is 5.84m
pouZity trhaci prdce malého rozsahu. Soucasné s razbou wide and its net height grows from 5.37m to 7.10m.
a primarnim osténim byly budovédny definitivni nosné kon- In the subsequent excavation rounds, galleries branching
strukce v prostoru stanice. Rubanina ve §tole se dopravova- toward the individual lifts (S2 and S3) and the safety escape sta-
la pomoci &elnfho kolového nakladade do prepravni vany ircase (S3) leading to the station were driven to both sides from

this enlarged-height gallery above the central station tunnel.
The gallery to shaft $2 has got the horseshoe shape with the net
width of 4.74m and net height of 5.86m above the top of the sta-
tion tunnel vault; the lining is 250mm thick (see Fig. 6). The
bottom was not closed by an invert and the primary lining of the
bottom was directly supported by the segmental lining of the
central station tunnel. The excavation for dismantling the seg-
mental station lining in the profile of the future shaft S2 was
stabilised in this way. A similar system was applied to the exca-
vation of the gallery to shaft S3. The gallery to shaft S3 has also
a horseshoe shape. It is 6.04m wide and 5.91m high above the
top of the station tunnel vault; the lining is 250mm thick.

It was only after the completion of all excavation operations

7 m3 ve dné Sachty. Svisld doprava v $achté byla zajisténa
pomoci jefdbu RDK 300. Béhem vystavby byly prusakové
vody na Celbé jimdny a preferpavdny do zdkladni jimky na
dné Sachty. Odtud byla podzemni voda ¢erpana do sedimen-
ta¢ni jimky na povrchu a pres indukéni vodomér odvadéna
do méstské kanalizace. Pfi razbdch se provadélo saci veétrani
pomoci axidlniho ventilatoru DN60O.

Pri razbé prestupni chodby pred stanici byly na celbé zasti-
Zeny ocelové injektdzni trubky jako pozustatek sanaci horni-
nového masivu pri vystavbé stanice. Dale byl zhotovitelem
stavby proveden pruzkumny bezpeCnostni predvrt s geofy-
zikdlnim vyhodnocenim, které upozornilo na moZnost dal-

Sich anomdlif, jako disledek pfedchozich raZeb stanice. above the station that the segmental lining in the locations of
Z tohoto divodu rozhodl projektant o zesileni osténi pre- openings for both lifts and the escape staircase was dismantled
stupni chodby v dseku nad stanici a v misté rozfardni | from the bottom of the galleries. Crown drifts with fans of grou-
k Sachtdm na ndstupiSte. ting tubes from the original construction of the metro station
V tseku nad krajnim stani¢nim tunelem se profil pfestup- | were encountered during the excavation for the galleries above
ni chodby postupné navysil a az do konce dseku byla chod- the tops of the vaults of the side and central station tunnels.
ba vyraZzena o zvétSeném pri¢ném prufezu. S ohledem na The definite bearing structures were built in the station space
pribliZeni se ¢elby prestupni chodby k osténi stavajici stani- concurrently with the excavation of shaft S1 and excavation of
ce byla razba v posledni dseku délky 20 m dovolena pouze the interchange gallery. When the excavation operations were
pri aktivnim podepfeni prstencu osténi stanice definitivnimi finished, the work on the waterproofing and the secondary
Zelezobetonovymi konstrukcemi Sachet a schodisté ve stani- lining of the interchange gallery and galleries above the station
ci. Viechny tyto nosné konstrukce prochézeji ndstupistnim followed. The separation of the unprotected space from the
prostorem ve stfednim tunelu, zasahuji do prostoru pod space protected by a pressure-resisting wall and the manlock
ndstupiitém a jsou zaloZeny na staninim osténi ve dné was carried out in the interchange gallery near shaft S1, in com-
tunelu. Primarni osténi v tomto tseku se provadélo pliance with the requirements of the Metro Protection System.

v tloustce 300 mm, s odsazenim lice 0 200 mm smérem do
hory, z vyztuZzeného stiikaného betonu SB25 (C20/25), WATERPROOFING

s dvéma polohami ocelovych siti 150x150/8x8 mm Waterproofing is designed as an intermediate system installed
a s prilozkami. Ve vzniklém prostoru se po vyrazeni chodby between the shotcrete primary lining or pile walls covered by
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Obr. 6 Podélny ez ndstupistém stanice metra (z realizaéni dokumentace stavby)

Fig. 6 Longitudinal section through the metro station platform (from the detailed design)

az do konce uprav provedlo ndsledné druhé zesilujici osténi
vyztuzené pomoci prutové vyztuze, se zabudovanymi skry-
tymi rdmy po obvod¢ prostupu, v mistech odboc¢ujicich cho-
deb k vytahim S2 a $3. Svétly lic priméarniho osténi po
koneénych dpravéch je pritom totoZzny s obrysem zakladni-
ho pri¢ného fezu. Tvar Stoly v tomto tdseku je podkovovity
se svétlou $itkou 5,84 m a stoupajici svétlou vyskou od
5,37 m do 7,10 m.

V dalSich postupech se z této navySené chodby nad stied-
nim tunelem vyrazily na obé strany odbocujici chodby
k jednotlivym vytahim (S2 a $3) a k bezpe&nostnimu tiniko-
vému schodisti ($3) do stanice. Stola chodby pro $achtu S2
md podkovovity tvar o svétlé Sifce 4,74 m a svétlé vysce
5,86 m nad klenbou stani¢niho tunelu, pri tloustce osténi
250 mm (obr. 6). Dno nebylo uzaviené protiklenbou
a primdrn{ osténi ve dné se opiralo piimo o montované oste-
ni stfedniho stani¢niho tunelu. Tim byl zaji§tén vyrub pro
demontdz montovaného stani¢niho osténi v profilu budouci
Sachty S$2. Obdobnym zplisobem se postupovalo pii razbé
§toly chodby pro Sachtu S3. Stola chodby pro fachtu $3 ma
také podkovovity tvar o svétlé Sitce 6,04 m a svétlé vysce
5,91 m nad klenbou stani¢niho tunelu, pri tloustce osténi
250 mm.

Teprve po ukonceni vSech razi¢skych praci nad stanici se
ze dna téchto $tol provedla demontdZ montovaného osténi
v mistech prostupu pro oba vytahy a pro unikové schodisté.
Pfi razbé chodeb nad klenbami bo¢niho i stfedniho stani¢ni-
ho tunelu byly zastizeny stropni Stoly s vé&jifi sanaénich
injekénich trubek z puvodni vystavby stanice metra.

a flattened shotcrete layer and the final cast-in-situ reinforced
concrete lining.

Spray-on waterproofing membrane (MC Bauchemie compa-
ny’s MC — APC system) with the minimum and maximum
thickness of 3mm and 6mm, respectively, was applied to the
entire structure. Primarily, MC APC Base Coat was applied for
penetration; two layers of MC-APC TopCoat waterproofing
mortar mixed with the MC-APC Liquid component were spray-
applied subsequently. Spray-on waterproofing is characterised
by good bond to material from both sides and elastic behaviour.
It forms, in substance, a sandwich structure together with the
primary and final liners. The originating fully bound waterpro-
ofing system guarantees good waterproofing properties and
prevents water migration (see Fig. 7). In contrast with plastic
membrane waterproofing systems, there is no need for dividing
the membrane into individual separated sections (in substance
it is impossible).

FINAL LINERS OF SHAFTS $2, 53
AND THE INTERCHANGE GALLERY

Casting the concrete lining of shafts S2 and $3 and the inter-
change gallery was carried out in two phases. Definite bearing
structures of the shafts in the station (see Fig. 8) were carried
out in the first construction phase, in advance of the excavation.
These definite bearing structures in the station were in addition
used as structures supporting the station lining, which allowed
for the excavation of the galleries above the station tunnels and,
in the final phase of the excavation, allowed for the constructi-
on of openings through the station lining in the locations of

shafts $2 and S3 and the escape staircase.




Obr. 7 Sachta $3 v pritbéhu provddéni stitkané hydroizolace, ze stén jsou sve-
deny organizované svody na ndstupiste

Fig. 7 Shaft $3 during the application of spray-on waterproofing; organised
water collection system (from walls to the platform)

Sou&asné s hloubenim Sachty S1 a razbou prestupni chod-
by byly budovany definitivni nosné konstrukce v prostoru
stanice. Po ukoncenych razbach ndsledovaly prace na hydro-
izolacich a sekunddrnim osténi prestupni chodby a chodeb
nad stanici. V prestupni chodb& v blizkosti Sachty S1 je
podle pozadavku ochranného systému metra provedeno
oddéleni nechranéného prostoru od chranéného tlakové
odolnou sténou s tlakovym uzdveérem.

HYDROIZOLACE

Izolace proti vodé je navrzena jako mezilehld, umisténa
mezi primdrnim osténim ze stfikaného betonu nebo piloto-
vymi st€nami s vyrovnavaci vrstvou ze stiikaného betonu
a definitivnim osténim z monolitického Zelezobetonu.

V celém rozsahu stavby byla pouZita strikand hydroizolac-
ni membrédna (Systém MC — APC od firmy MC Bauchemie)
v minimdln{ tlouStce 3 mm, max. 6 mm. Nejprve se provedl
penetraéni nastfik pomoci MC APC Base Coat a néasledné
dvojity nastfik hydroizolaéni maltovou smési MC-APC
TopCoat smichanou s tekutou slozkou MC-APC Liquid.
Stiitkand hydroizolace se vyznaluje dobrou pridrZznosti
k materidlu z obou stran a rovnéZ pruZznym chovanim, vytva-
ff s primdrnim a definitivnim osténim v podstaté sendvico-
vou konstrukci. Vznikne tak zcela vdzany systém izolace
proti vodé, ktery zarucuje dobré vodotésné vlastnosti
a zabranuje migraci vody (obr. 7). Na rozdil od féliové
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Obr. 8 Definitivni Zelezobetonovd konstrukce vytahové Sachty na ndstupisti
stanice metra

Fig. 8 Definite reinforced concrete structure of a lift shaft leading to the
metro station platform

The waterproofing was carried out and the final (secondary)
concrete lining was cast in the second construction phase, after
the completion of the excavation for the whole underground
structure, the installation of the primary shotcrete lining and the
execution of the flattening sub-base on the inner surface. The
final lining of the bottom, sidewalls and arch is from cast-in-
situ reinforced concrete (see Fig. 9). The lining was carried out
in blocks, by casting concrete behind a formwork. The final
lining of shaft S1 was carried out later, when the casting of the
interchange gallery lining was finished.

The bearing structures of the first phase are founded in the
space under the platform on foundation strips (see Fig. 10)
(concrete C 25/30) supported by the exposed reinforced conc-
rete lining rings at the station bottom. Reinforced concrete
structures (concrete pylons and walls) pass through the internal
space of the station and rise up to the upper vault of the station
lining, where the pylons and the wall fluently pass to supporting
beams skirting the openings for the lifts. In the beginning it was
necessary to break-out existing floors and infill concrete at the
station tunnel bottom. The concrete foundations, walls and
pylons were carried out subsequently. In the final phase, longi-
tudinal concrete bearing beams were carried out under the sta-
tion tunnel vault and the chambers in the lining segments were
filled with grout injections to provide full contact with the
beams. Concrete grade C 30/37 was used for all inner bearing
supporting elements, with the exception of the foundations.
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Obr. 9 Prestupni chodba po provedeni strikanych izolaci pri armovdni dna
Fig. 9 Interchange gallery after completion of sprayed-on waterproofing
during the placement of the bottom concrete reinforcement

izolace tak neni nutno (v podstaté ani nelze) izolaci délit na
jednotlivé sekce.

DEFINITIVNI OSTENI SACHET $2, 83
A PRESTUPNI CHODBY

Betond? definitivniho osténi $achet S2, S3 a prestupni
chodby se provadéla ve dvou fazich. V prvni fdzi vystavby
se v predstihu pred razbami provadély definitivni nosné
Zelezobetonové konstrukce Sachet ve stanici (obr. 8). Tyto
definitivni nosné konstrukce ve stanici slouzily téz jako pod-
pérnd konstrukce stani¢niho osténi, umoznujici razbu cho-
deb nad stanici a v konecné fézi razeb vybudovéni prostupa
stani¢nim osténim v mistech Sachet S2, S$3 a dnikového
schodisté.

V druhé fdzi vystavby, po dokonceni razby celého pod-
zemniho objektu, zabudovani primarniho osténi ze stiikané-
ho betonu a provedeni podkladni vyrovndvaci vrstvy v lici
byly provedeny hydroizolace a betondZ definitivniho (sekun-
ddarniho) osténi. Definitivni osténi dna, opér i klenby je
z monolitického Zelezobetonu (obr. 9). BetondZ osténi se
provadela po sekcich do bednéni. Definitivni osténi Sachty
S1 se provadélo aZ po ukon&eni betondZi piestupni chodby.

Nosné konstrukce podle prvni fdze jsou zaloZeny
v prostoru pod ndstupi$tém na zdkladovych pasech (obr. 10)
(beton C 25/30) zaloZenych na odkrytych prstencich Zelezo-
betonového osténi ve dné stanice. Zelezobetonové konstruk-
ce (sloupy a stény z betonu) prochézeji vnitinim prostorem
stanice a vystupuji aZ pod horni klenbu stani¢niho osténi,
kde sloupy a sténa plynule pfechdzi na podpérné priuvlaky
lemujici vytahové prostupy. Nejprve bylo nutné vybourat
stavajici podlahy a vypliové betony ve dné stani¢niho tune-
lu. Poté se ndsledné provadély betondZe zédkladu, stén
a sloupu. V koneéné fazi se pod stani¢nimi Zelezobetonovy-
mi tubingy v klenbé tunelu vybetonovaly podélné pruvlaky
s provedenim kontaktni injektdZe komurek v tubincich.
Vsechny vnitini nosné podpérné prvky vyjma zdkladu byly
vybetonovany betonem C 30/37.

Ve druhé fazi vystavby se po dokonceni raZeb a provedeni
hydroizolaci provadéla postupné betonaz celého podzemni-
ho objektu. Nejprve se provadély betondze v mistech Sachet
$2 a $3 a dna prestupni chodby s vynechdnim sekce pro tla-
kovou sténu. Poté nasledovala betondz Celnich stén bo¢nich
$tol u Sachet $2 a $3 a kleneb s op&fim do bednéni. Nakonec
se betonovala Celni sténa prestupni chodby a ndvazné€ klenba
a opefi s vynechdnim sekce u tlakové stény. Tlakova sténa
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In the second construction phase, after the completion of the
excavation and the waterproofing, the whole underground
concrete structure was step-by-step cast. In the beginning,
concrete was cast in the locations of shafts S2 and $3 and the
bottom of the interchange gallery, with the exception of the
section containing the pressure-resisting wall. Casting of the
concrete front walls of the lateral galleries at shafts S2 and S3
and vaults with bench followed. Concrete was cast behind
formwork. In the end, the concrete front wall of the interchan-
ge gallery and subsequently its vault and bench were cast, with
the exception of the section at the pressure-resisting wall. The
pressure-resisting concrete wall was cast after the installation
of the manlock door frame

The interchange gallery and the galleries to shafts S2 and
S3 have the horseshoe profile. The net width of the inter-
change gallery is 5.3m and its height is 3.59m; the height of
the gallery section at shaft S1 is increased by 0.5m. The
enlarged profile of the gallery above the station tunnels has
dimensions (w/h) 4.6/5.54m; the dimensions of the lateral
gallery to shaft S2 and the gallery to shaft S3 are 4.0/4.55m
and 5.3/4.54m, respectively. Cast-in-situ reinforced concrete
(C 30/37) was used for the final lining of the bottom, side-
walls and vault; concrete was cast in blocks, behind movable
formwork. The interchange gallery was divided into two
expansion blocks. Each block was further divided into wor-
king (casting) sections. The bottom concrete was cast in 12m
long sections; the casting sections for the vault and bench
were 6m long.

It was necessary during the placement of reinforcement to
use maximum caution so that no harm was done to the waterp-
roofing layers. The integrity of the waterproofing layers was
continually checked during the work. In the case of identified
defects, the particular place was clearly marked and was repa-
ired after the completion of the installation of reinforcement,
just before the concrete casting operation.

In the final phase, thin-walled ceramic tiles were bonded to
the internal surface of the sidewalls of the galleries (see
Fig. 11); the ceiling of vaults was coated with aluminium
lamellas.

FINAL LINING OF SHAFT $1

The definite lining of the shaft was carried out as a secondary
liner after the completion of the excavation in the entire underg-
round structure, completion of spraying the shotcrete flattening

Obr. 10 Po vybourdni drdZek pro zdklady definitivnich nosnych konstrukci
v podlaze v tirovni pod ndstupistém doslo k jejich rychlému zatopeni prusa-
kovou vodou

Fig. 10 After breaking out the grooves for the foundations of definite bearing
structures in the floor at the level under the platform, the grooves were quick-

ly inundated with seepage water
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byla zabetonovana po osazeni ramu tlakového uzavéru.

Tvar pfestupni chodby i chodeb k Sachtim S2 a S3 je pod-
kovovity. Prestupni chodba m4 svétlou §itku 5,3 m a vySku
3,59 m, dsek chodby u Sachty SI je o 0,5 m navysen.
ZvétSeny profil chodby nad stanici ma rozmeéry (8/v)
4,6/5,54 m, boéni chodba k Sachté S2 4,0/4,55 m a chodba
k 3achté $3 5.3/4,54 m. Definitivni ostén{ dna, opér i klenby
bylo provddéno z monolitického Zelezobetonu (C30/37)
a betonovalo se po sekcich do posuvného bednéni. Prestupni
chodba byla rozdélena na dva dilata¢ni celky. Kazdy celek
byl déle rozdélen na pracovni (betonazni) sekce. Dno se
betonovalo po sekcich délky 12 m, délka betondznich sekci
klenby a opéfi byla 6 m.

Pfi armovéni bylo nutné dbat maximdlni opatrnosti tak,
aby nebylo poskozeno hydroizola¢ni souvrstvi, beéhem praci
byla neustdle provadéna kontrola celistvosti a neporusenosti
hydroizola¢niho souvrstvi. V pripadé zjisténych vad bylo
toto misto zfetelné oznaceno a po dokonceni armovani pred
samotnou betondZi opraveno.

V konecné fazi byl v bocich chodeb na lic osténi nalepen
tenkosténny keramicky obklad (obr. 11), klenby byly opatre-
ny hlinikovym lamelovym podhledem.

DEFINITIVNI OSTENI SACHTY $1

Definitivni osténi Sachty bylo provadéno jako osténi
sekundarni po vyhloubeni Sachty, dokonceni raZeb v celém
podzemnim objektu, provedeni vyrovndvaciho néstfiku ze
stfikaného betonu v lici pilot a provedeni mezilehlé izolace.
Definitivni osténi je z monolitického Zelezobetonu (C30/37).
Osténi bylo navrzeno v zdvislosti na vy$ce betondzni formy
z betondZnich sekci vySky 6 m a dvou atypickych sekei
v misté propojeni s prestupni chodbou a ve dné Sachty.
Betondz Sachty se provddéla po uzavreni dna po jednotlivych
sekcich smérem k povrchu.

Pfi¢ny prufez sekunddrniho osténi Sachty méd z rubové
strany elipticky tvar podle lice primérniho osténi. Vnitini lic
Sachty je obdélnikovy s délkou stran 4200x2840 mm. Na
strané prestupni chodby jsou v lici vynechdny dvé niky $itky
600 mm a hloubky 120 mm pro kabelovd vedeni z prestupni
chodby na povrch do povrchového objektu nad vytahovou
Sachtou. Soucdsti betondzni sekce v misté napojeni na pre-
stupni chodbu je také prechodovy kréek ve tvaru chodby.

Betonaz dna se provadéla po odvodnéni dna za pomoci
docasné Cerpaci jimky, nopovych félii, nastiikdani izolace
dna a zatvrdnuti ochranné mazaniny. Kruhova cerpaci jimka
@ 600 mm byla vyhloubena do primarniho osténi a jimala
vody po celou dobu betondZe osténi Sachty. Po dokoncéeni
definitivniho osténi v celém dile byla Cerpaci jimka zabeto-
novana a uzavrena a drendzni félie byly zainjektovany. Na
osténi v drovni terénu byl zfizen zdklad pro montdZ ocelové-
ho povrchového objektu.

SANACE OCELOVYCH PRUVLAKU VE STANICI
A SANACE OSTENI

Po demontdZzi prvku opldsténi stanice (smaltovanych ple-
chu a zonta — sekunddrni hydroizolace) byl zji§tén nevyho-
vujici stavebni stav stdvajicich ocelovych pruvlaka (obr. 12)
nesoucich zelezobetonové dilce osténi (obr. 13) stani¢nich
tuneld. V tomto rozsahu byly nosné prvky stani¢niho osténi
odkryty poprvé od uvedeni do provozu v roce 1985. Na oce-
lovych pruvlacich byly zjiStény ndsledujici zdvady a ne-
dostatky.
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Obr. 11 Prestupni chodba
Fig. 11 Interchange gallery

the inner surface of the pile walls and installation of the inter-
mediate waterproofing. The final lining is formed by cast-in-
situ reinforced concrete (C30/37). The lining was designed
taking into consideration the height of the concrete casting
formwork for casting 6m high sections and two atypical secti-
ons in the locations of the connections to the interchange galle-
ry and at the shaft bottom. Pouring concrete for the shaft lining
was carried out in individual casting sections after closing the
bottom was finished.

The cross section through the secondary lining of the shaft
has got an elliptical shape from the outer side, following the
shape of the primary liner surface. The inner surface of the shaft
is rectangular with the lengths of sides 4200x2840mm. Two
niches 600mm wide and 120mm deep for cable lines leading
from the interchange gallery to the at-grade structure above the
lift shaft are in the surface of the shaft, on the side of the inter-
change gallery. In addition, part of the casting section in the
location of the connection to the interchange gallery is a short
neck providing the transition to the shape of the gallery.

Casting concrete on the bottom was carried out after the bot-
tom was drained using a temporary sump and the application of
dimpled sheets and spray-on waterproofing was finished and
the protective screed hardening was over. The circular sump &
600mm was dug through the primary lining. It collected water
throughout the period of casting concrete for the shaft lining.
After the final lining had been completed in the whole working,
the sump was filled with concrete and closed and the surface of
the dimpled sheets was flattened by grout. A foundation block
for the assembly of an at-grade steel structure was carried out
on the top of the lining at the ground surface level.

REHABILITATION OF BEARING STEEL BEAMS
IN THE STATION AND REHABILITATION OF THE LINING

After dismantling the elements of the station cladding (vitre-
ous enamel panels and leak diversion troughs — the secondary
waterproofing system) it was found out that the structural con-
dition of existing bearing steel beams (see Fig. 12) carrying the
reinforced concrete lining segments (see Fig. 13) of the lining
of the station tunnels was inadequate. The bearing elements of
the station lining were exposed to such the extent for the first
time after the inauguration in 1985. The following defects and
drawbacks were detected on the bearing steel beams:

e The existing fire-protective mortar sprayed on the steel
structures was peeled off at many places and sheets of the
mortar peeled off on other places. Some parts of the steel
elements were without any fire-protection mortar cover.
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Stavajici protipozarni néstfik ocelovych konstrukci byl na
mnoha mistech odpryskdn, na dalSich mistech se odlupoval
v pldtech. Nékteré Casti ocelovych prvkia nebyly protipoZar-
nim néstfikem zastfikdny vubec.

Zjisténa tloustka stdvajiciho protipozarniho ochranného
ndstriku na bézi byla 6 az 8 mm. Pozd¢€jsi chemicky rozbor
zjistil, Ze se jedna o ndstfik na bdzi cementu.

Ocelové prvky bez ochranného torkretu vykazovaly zndm-
ky hloubkové koroze.

Pro posouzeni stavu byla pracovniky Kloknerova dstavu
zpracovana expertni zprava, kterd zhodnocuje korozni
poskozeni ocelového pruvlaku. Chemickym rozborem byl
zjistén vysoky obsah chloridovych aniontd. Chloridové ani-
onty se do cementového protipozarniho povlaku dostavaly
prusaky vody osténim. Pro omezenf elektrochemické formy
koroze bylo dulezité v co nejvétsi mife zabrdnit pristupu
vody s obsahem chloridovych aniontd a zamezit kondenzaci
vody na povrchu ocelovych pravlaku.

Proto byla navrZzena vyplnova a tésnici injektdZ za rubem
osténi. Po ru¢nim odstranéni stdvajiciho protipoZarniho
néstfiku, odfezdni nenosnych ocelovych prvki a ocisténi
nosnych prvka od rzi byla provedena cementovd injektdz,
kterd byla doplnéna injektdzi z polyuretanu. Sanace byla
provedena v dseku cca 13 m délky nastupiSté (nad Ctyfmi
pilifi stanice) v rozsahu zdboru staveni$té. Po zainjektovani
pruvlakd byla nanesena novd protipoZzdrni a protikorozni
ochrana pruvlakd tvofend cementovou maltou min. tl.
50 mm nanesenou pres privarenou KARI sit. Tato ochrana je
v souladu s predepsanou odolnosti ocelové konstrukce 180
min. ProtoZe ve stejném negativnim stavu mohou byt dalsi
kovové konstrukce pruvlaka a pilifa ve stanici, predpokladd
se jejich oprava v rdmci planované rekonstrukce stanice.

Dalsi problém, ktery byl zjistén po demontdzi oplasténi
stanice, byl nevyhovujici stav pfirub u Zelezobetonovych
dilct montovaného osténi a vyplné spdar mezi prstenci. Na
dilcich mezi prstenci byly zji§tény oldmané hrany, obnaZena
zkorodovana vyztuz a nedostateéné vyplnéné spary mezi
jednotlivymi prvky osténi. U téchto prvku bylo nutné pro-
vést nejprve odbornou sanaci Zelezobetonovych prvku osté-
ni véetné vyztuze, vyplnéni otevienych spar mezi prstenci
cementovou maltou a teprve ndsledné oSetfeni spar
a Sroubovych otvoru proti prusakim. Puvodné projekt pred-
poklddal pouze oSetfeni spér a Sroubovych otvoru proti pri-
sakim pomoci polyuretanovych natéru, pripadné injektdzi
do spar.

P

Zelezobet vého

Fig. 13 Inadequate condition of the reinforced concrete lining was detected
after dismantling the elements of the station cladding

Obr. 12 Korozi nejvice zasaZend &dst nosného ocelového pruvlaku na ndstu-
pisti stanice

Fig. 12 The part of the bearing steel beam on the station platform most affec-
ted by corrosion

e The detected thickness of the existing fire-protective
spray-on cover was 6 to 8mm thick at the base.
A subsequent chemical analysis determined that cement-
based mortar had been used.

e Steel elements without the protective spray exhibited

marks of deep corrosion.

An expert report assessing the corrosive damage to a bearing
steel beam was carried out by professionals of Klokner
Institute. The chemical analysis determined a high content of
chloride anions. Chloride anions got to the cement-based fire-
protective mortar cover as a result of seepage of water through
the lining. It was important for restricting the electrochemical
form of corrosion to prevent the ingress of water containing
chloride anions as much as possible and prevent the condensa-
tion of water on the surface of the bearing steel beams.

For the above-mentioned reason, backgrouting and sealing
grouting behind the lining was designed. Cement grouting supp-
lemented by polyurethane grout was carried out after removing
the existing fire-protective cover, cutting off non-structural steel
elements and cleaning the bearing elements of rust. The rehabi-
litation was carried out within the about 13m long platform sec-
tion (above 4 station pylons) within the extent of the area acqu-
ired for the construction site. After the completion of the backg-
routing, new fire-protective and corrosion protection of the
beams formed by a minimum 50mm thick cement mortar layer,
which was applied over KARI mesh welded to the beam, was
carried out. This protection meets the prescribed 180-minute fire
resistance of a steel structure. Because of the fact that other steel
structures of the bearing beams and pylons in the station may be
in the same condition, their repair is assumed to take place wit-
hin the framework of the planned reconstruction of the station.

Another problem which was discovered after dismantling the
station cladding lied in the inadequate condition of flanges
(side walls of the U-shape cross-section) of the reinforced
concrete lining segments and the filling of joints between lining
rings. Broken edges, exposed corroded reinforcement and
insufficiently filled joints between individual elements of the
lining were detected on the segments between the rings. These
elements required professional rehabilitation of reinforced
concrete lining elements including their reinforcement, filling
of open joints between the rings with cement mortar and only
then sealing the joints and nut holes against seepage. The
design originally expected only the sealing of joints and nut
holes against seepage by polyurethane coating or injecting

grout into joints.



TuouHel

ZAKLADNI INFORMACE

Zastavéna plocha povrchového objektu v Urovni terénu 30 m?
Obestavény prostor povrchového objektu v Urovni terénu 83 md
Vytahové $achta S1 — vytahy na povrch

— obestavény prostor 1035 m3
Pfestupni chodba — obestavény prostor cca 3280 m®
Vytahova $achta S2 a 83 - obestavény prostor cca 360 m3
Vytahy z povrchu do pfestupni chodby — dopravni vyska 27,56 m

Viytahy z pfestupni chodby na néstupisté — dopravni vydka 6,30 m
Zahéjeni stavby: 30.6.2014
Termin uvedeni do provozu: 8.10.2015
Zhotovitel: Sdruzeni SMP CZ, a.s., a RVES CZ a.s.
TDI a inzenyring: InZenyring dopravnich staveb a.s.
Geotechnicky monitoring: GEOtest, a.s.

ZAVER

Projekt bezbariérového zpristupnéni stanice metra Andél
ukdzal dal$i moznost jak vybudovat novy pfistup do provozo-
vané razené stanice metra, kdy se na uli¢ni drovni najde vhod-
na poloha pro vytahy do podzemi s navazujici prestupni chod-
bou, kterd je vySkové umisténd nad klenbou stanice. Tato
chodba se nasméruje ke stavajici stanici a v misté, které vyho-
vuje z hlediska dispozi¢niho usporddani stanice, se navrhnou
vytahy na ndstupiS$t€. MoZnost zadsténi vytaht do klenby
sttedniho stani¢niho tunelu je ov§em omezena a je ddna sklad-
bou prstenct montovaného staniéniho osténi. Popsané reseni
vytahu ve stanici Andél je vhodnym piikladem pro mozné
pouziti na dal§ich tfilodnich pilifovych stanicich metra
v Praze.

Spravnost navrzeného technického feSeni a stavebnich
postupu pii razbdch pristupové chodby, bo&nich chodeb nad
stanici a prostupu pro vytahy do stanice byla potvrzena mini-
mélnim deformaénim ovlivnénim stanice a povrchovych
objekti. Maximdlni hodnoty sedéni povrchové zédstavby v této
lokalité byly 3 mm, deformace montovaného osténf stanice se
pohybovaly okolo 3 mm a deformace primdrniho osténi raze-
nych chodeb v misté kfizeni dosahovaly do 5 mm. Pfi pouzit{
trhacich praci nebyly prekroCeny seismické ani akustické
hygienické limity.

Na zkuSenostech z realizované stavby je také vidét slozi-
tost zdsahu nového dila do provozované stanice metra, za
minimdlniho omezeni provozu cestujicich. Ani peclivé zajis-
téni pruzkumnych praci v predstihu pfi zpracovédni projektu
neni zdrukou toho, Ze se pfi realizaci neobjevi necekané pro-
blémy.

Ing. PAVEL BURIAN, burian@metroprojekt.cz,
Ing. MIROSLAV KOCHANEK,
kochanek@metroprojekt.cz,

METROPROJEKT Praha a.s.

Recenzovali/Reviewed by: Ing. Vladimir Prajzler,
Ing. Tomds Ebermann
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BASIC INFORMATION
The area covered by the at-grade structure .............. 30m?
Wall-in space of the at-grade structure ................. 83m3
Lift shaft S1 - lifts to the terrain surface
—Wall-in SPACE . .t 1035m3
Interchange gallery —wall-in space ............... ca 3280m?
Lift shafts 52 and S3 — wall-in space ............... ca 360m3

Lifts from the terrain surface to the interchange

gallery —liting height .......... ... ... ... ... .. .. 27.56m
Lifts from the interchange gallery to the platform

—lifting height . ... ... 6.30m
Works commencement: .......... ... 30/06/2014
Deadline for placing into service: ................. 08/10/2015
Contractor: ............... Sdruzeni SMP CZ, a.s. consortium,

and RVES CZ as.

Consulting engineer: ......... InZenyring dopravnich staveb a.s.
Geotechnical monitoring: . ............ . GEOtest, a.s.

CONCLUSION

The design for the step-free access to Andél metro station
showed another possibility for building the new access to the
operating mined metro station, where a location suitable for
lifts to the underground with a linking interchange gallery pla-
ced above the station vault will be found at the street level.
This gallery will head toward the existing station and lifts will
be designed to be in a location suitable in terms of the station
layout. Of course, the possibility of lifts passing through the
central station tunnel vault is limited and depends on the
arrangement of the rings of the segmental station lining. The
above-mentioned solution to the lifts in And¢l station is an
example suitable for the possible application to other 3-vault
pylon metro stations in Prague.

The correctness of the technical solution and construction
procedures used in driving the access gallery, lateral galleries
above the station structure and openings for lifts to the station
was confirmed by the minimum deformational impact on the
station and existing buildings. The maximum values of the
settlement of buildings existing in this area amounted to
3mm; the deformations of the segmental lining of the station
fluctuated about 3mm and deformations of the primary lining
of mined galleries at the crossings amounted to 5Smm. Neither
seismic nor acoustic limits were exceeded when blasting ope-
rations were necessary.

The experience gained during the realisation of the works
also shows the complexness of the intervention of a new wor-
king into the operating metro station with minimised restricti-
ons to the movement of passengers. Even a thorough organi-
sation of investigation work in advance, during the work on
the design, cannot guarantee that unexpected problems do not
emerge during the realisation.

Ing. PAVEL BURIAN, burian@metroprojekt.cz,
Ing. MIROSLAV KOCHANEK,
kochanek@metroprojekt.cz,

METROPROJEKT Praha a.s.

Archivni projekty stanice metra Andél véetne geolog. zpravy. METROPROJEKT Praha a.s.
Protipovodnovd ochrana metra — stanice Andél. METROPROJEKT Praha a.s.

Podrobny geotechnicky pruzkum. PUDIS a.s.

Bezbariérové zpristupneni stanice metra Andel — DVZ. METROPROJEKT Praha a.s.
Bezbariérové zpristupneni stanice metra Andel — DPS. METROPROJEKT Praha a.s.
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NOVA TRASA METRA L.D V PRAZE
NEW METRO LINE 1.D IN PRAGUE

JIRI RUZICKA, MIROSLAV KOCHANEK, MAROS DAVID, PETR VISNAK

ABSTRAKT

1. provozni uisek trasy D zahrnuje 10 stanic a jeho celkovd délka je 10,6 km. Zacind (podle nového stanicent) na Vinohradech
u stanice metra Namesti Miru na trase A, pokracuje pres Nusle a Pankrdc do Krde, Novych Dvoru, Libuse a ddle pak do Pisnice, kde
konci stanici Depo Pisnice. Celd trasa je az na malé viseky podzemni, hloubka stanic (iiroven ndstupist) je vyrazné ovlivnéna pomer-
né sloZitym vertikdlnim ¢lenénim tizemi, nebot’ trasa pricné prochdzi dve udoli. V soucasné dobé je stavba trasy 1.D rozdélena na dvé
etapy. Prvni etapa v tiseku Pankrdc — Depo Pisnice (v dokumentaci pro vizemni rozhodnuti z roku 2011 byl tento tisek rozdélen jesté
na dvé etapy) md provozni délku 7,9 km a jeji soucdsti je osm stanic. Dvé stanice jsou jednolodni raZené (Pankrdc a Nové Dvory),
stanice Olbrachtova je dvoulodni raZend, dalsi tyri stanice (Nemocnice Kr¢, Libu$, Pisnice a Depo Pisnice) jsou hloubené a stanice
Nddrazi Kr¢ je povrchovd stanice s bocnimi ndstupisti, umisténymi ¢dstecné na moste. Druhd etapa v viseku Namésti Miru — Pankrdc
md provozni délku 2,7 km a jeji soucdsti jsou 2 stanice. Je to raZend jednolodni stanice Ndmésti Miru a hloubend stanice Ndmésti
Bratri Synku, kterd md &dst ndstupisté pod obytnou zdstavbou v délce 30 m atypicky raZenou.

ABSTRACT

The first operational section of the Line D (called metro Line 1.D) contains 10 stations and its total length amounts to 10.6km. It starts
(in terms of the new chainage) in Vinohrady, linking Ndmeésti Miru station on the metro Line A. Then it proceeds across Nusle and Pankrdc
to Kré, Nové Dvory, Libus and further to Pisnice, where it ends by Depo Pisnice (Pisnice Depot) station. The entire route is, with the
exception of short sections, designed as an underground structure. The depth of stations is significantly affected by the relatively complex
vertical division of the area because of the fact that the route transversally crosses two valleys. At the moment the development of the Line
1.D is divided into two stages. The first stage in the Pankrdc — Depo Pisnice section (this section was further divided in the design docu-
mentation for the issuance of zoning and planning decision from 2011 into two stages) is 7.9km long and eight stations are its parts. Two
stations (Panrdc and Nové Dvory) are designed as mined one-vault structures, Olbrachtova station is of the two-vault type, other four
stations (Nemocnice Krc, Libus, Pisnice and Depo Pisnice) will be of the cut-and-cover type and NddraZi Krc will be an at-grade stati-
onwith side platforms located partially on a bridge. The second stage, the Namésti Miru — Pankrdc section, has the operating length of
2.7km and contains 2 stations. One of them is Ndmésti Miru, a mined one-vault structure, and Ndmeésti Bratii Synku, a cut and cover
structure, which has a 30m long part of the platform located under residential development. This part will be mined atypically.

UvoD

Problematika dopravni obsluhy jizniho sektoru mésta met-
rem méa mnohaletou historii (podrobnéji je uvedeno na
www.novemetro.cz). Obecné je mozné konstatovat, Ze nyn¢jsi
vedeni trasy vychdzi z dfive zpracovanych dokumentaci
a rozboru s tim, Ze je prisluiné aktualizuje a dopliiuje ve vzta-
hu k novym vstupnim poZadavkim mésta a novym systémo-
vym poznatkum. 1. provozn{ tsek trasy metra D je souddsti
celé trasy D, kterd je zahrnuta do celkové koncepce rozvoje
sit¢ prazského metra. V konceptu nového uzemniho planu
hl. m Prahy je trasa I.D navrZena v rozsahu Depo Pisnice —
Néamésti Miru s dzemni rezervou pro dal$i rozvoj trasy do
centra (moZnost prestupu na trasu B). Rozvoj sité prazského
metra ve stfednédobém vyhledu je patrny z obrazku 1.

I. provozni usek trasy D zahrnuje 10 stanic a jeho celkovd
délka je 10,6 km. Vedeni trasy a umisténi stanic plné respek-
tuje vyClenény prostor zakotveny v aktudlnich tzemné-plano-
vacich materidlech. Zafind (ve sméru nového stanieni) na
Vinohradech u stanice metra Namésti Miru na trase A, pokra-
Cuje pres Nusle a Pankrdc do Krle, Novych Dvort, Libuse
a Pisnice, kde konci stanici Depo Pisnice. V Pisnici bude
s dokoncenim cel€ trasy I.D uvedeno do provozu i nové depo.

Vyskové vedeni trasy je prehledné patrné z prevySeného
podélného profilu trasy (obr. 2). AZ na malé dseky je cela trasa
podzemni, hloubka stanic (droven ndstupist) je vyrazné ovliv-
néna pomeérne slozitym vertikdlnim ¢lenénim tzemi, nebot
trasa pri¢né prochdzi dvé udoli, a to Nuselské tdoli s fickou
Boticem a Kréské udoli s Kunratickym potokem. Realizaci
této stavby bude dosaZzeno vyznamnych piinosu v dopravni

INTRODUCTION

The issue of transport services in the southern sector of the
city to be provided by metro has got a multi-year history (for
more details, see www.novemetro.cz). In general, it is possible
to state that the present-day alignment is built on previously
carried out documents and analyses, which are updated and
accordingly supplemented in relation to new input require-
ments of municipal authorities and new systemic knowledge.
The operating section No. I of the metro line D is part of the
whole Line D, which is included into the general concept of the
development of the Prague metro network. In the concept of the
new master plan of the City of Prague, the Line I.D is designed
in the Depo Pisnice — Namésti Miru extent, with a territorial
reserve for subsequent development of the route to the down-
town (the possibility of transferring to the Line B). The medi-
um-term development of the Prague metro network is presen-
ted in Figure 1.

The line D operating section No. I contains 10 stations and its
aggregated length amounts to 10.6km. The horizontal align-
ment and locations of stations fully respect the allocated space
anchored in the current land-use documents. It starts (in terms
of the new chainage) in Vinohrady, linking Namésti Miru stati-
on on the metro Line A. Then it proceeds across Nusle and
Pankrac to Kr¢, Nové dvory, Libus and further to Pisnice,
where it ends by Depo Pisnice (Pisnice Depot) station. A new
depot will be brought into service in Pisnice together with the
completion of the entire Line 1.D.

The general vertical alignment of the route is obvious from
the exaggerated longitudinal section through the route (see
Fig. 2). With the exception of short sections, the entire route is
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designed as an underg-
round structure. The
depth of stations (the
depth of platforms) is
significantly affected by
the relatively complex
vertical division of the
area because of the fact
that the route transver-
sally crosses two valle-
* ys, namely the Nusle
Valley with the small
Boti¢ River and the Kr¢

s Valley with the Kun-
F S ratice Brook. The reali-
. S sation of this project
A will mean achieving sig-
= nificant contributions to
transport services in the
i’@ 5 today already large resi-
s OFOVOZOVaNE trasy metra e dential complexes of
e Operating metro lines W O — Kr¢, Libu$ and Lhotka,
! . .
nova trasa metra D e o = an which have been till
m—— new metro line D fi W s P oot 2 now reliant on public
w e e L\.,’_ bus services.
= = hranice Pra.hy R & ey _’\ 5
Freque pernetet y ST S "4/ GEOLOGICAL AND
- 3 3 . = HYDROGEOLOGICAL
Obr. 1 Situace nové trasy 1.D a provozovanych tras prazského metra CONDITIONS

Fig. 1 Layout of the new Line 1.D and the operating lines of Prague metro

obsluze dnes jiz objemnych sidliStnich celku Kr&, Libu§
a Lhotka, které jsou dosud odkdzdny pouze na vefejnou auto-
busovou dopravu.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Zajmové tzemi je z geologického pohledu pomérné pestré.
Trasa D metra je vedena nékolika vyznamnymi stratigraficky-
mi jednotkami. Pfedkvarterni podklad je budovédn zpevnénymi
a7 mirné diageneticky preménénymi bridlicemi, prachovymi
bridlicemi a drobami svrchniho proterozoika (Stéchovicka sku-
pina), ddle ordovickymi souvrstvimi jilovych bridlic, pracho-
vych bridlic, kfemenct a piskovet, misty ve flySovém vyvoji
(stratigraficky rozsah Sdrecké souvrstvi — kosovské souvrstvi)

In terms of geology,
the area of operations is relatively diverse. The metro line D is
led across several important stratigraphic units. The pre-
Quaternary base is built by consolidated to slightly diagenetic
metamorphosed shale, silty shale and greywacke of the Upper
Proterozoic period (the Stéchovice Group), further by
Ordovician formations of clayey shale, siltstone, quartzite and
sandstone, locally in flysch development areas (the Sarka for-
mation — Kosov Formation stratigraphic extent) and, to a lower
degree, by Silurian formations consisting of shales and impure
limestone (the Liten to Pfidol formations).

In the direction from Depo Pisnice station, the designed route
passes through the geological environment of the Upper
Proterozoic (Algonkian-age rock types). Between Libu§ and

»1.D2 1.D2 4 1.D1 I.D1 ¢ 1.D3 1.D3 4
DEPO PISNICE LIBUS NOVE NEMOCNICE = NADRAZI OLBRACHTOVA PANKRAC NAM. BRI. NIMESTI
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Obr. 2 PrevySeny podélny profil trasou metra I.D
Fig. 2 Exaggerated longitudinal section through the metro 1.D route
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a mén¢ souvrstvimi siluru, ve kterém jsou zastoupeny bridlice
a neCisté vapence (souvrstvi litenské az pridolské).

Smeérem od stanice Depo Pisnice prochdzi projektovana trasa
horninovym prostiedim svrchniho proterozoika (horniny algon-
kického stari). Mezi stanicemi Libu§ a Nové Dvory prochdz{
trasa pasmo zéavistského presmyku, po kterém jsou star$i horni-
ny proterozoika nasunuty na mladsi horniny ordovického stafi
(spodni paleozoikum). Odtud trasa prochazi priblizné napri¢
jihovychodnim kfidlem barrandienské synklindly od hornin
nejstar§ich k nejmlad$im az do osy synklindly v prostoru
Pankrice, kde jsou v kratkém useku cca 600 m zastiZeny hor-
niny silurského stafi. Déle trasa prochazi severozdpadnim kfid-
lem barrandienské synklindly proti vrstevnimu sledu znovu
k hornindm stdle star§im az ke stanici Namésti Miru.

K pokryvnym dtvaram se fadi relikty pleistocennich teras
Vltavy a jejiho pritoku Boti¢e, které se bohaté vyskytuji hlav-
né v severni poloviné trasy. Podél Boti¢e a Kunratického poto-
ka jsou vyvinuty pomérné mocné akumulace holocennich flu-
vidlnich sedimentu. Ddle se v trase vyskytuje pokryv deluvidl-
nich, splachovych ¢i eolickych sedimentu, zna¢nd ¢ast trasy je
pokryta antropogenni navazkou.

Hladina podzemni vody je, kromé bezprostifedniho okol{
Kunratického potoka a BotiCe, zdavisld na atmosférickych srdz-
kdch. Podzemni voda tvori nejéastéji zvodné v puklinovém
prostredi zvétralych a navétralych hornin skalniho podkladu.
Vyraznéjsi zvodné v prilinovém prostiedi se vyskytuji ve flu-
vidlnich sedimentech Kunratického potoka, Botic¢e a Pankracké
terasy. Uroven hladiny podzemni vody v ndplavech obou poto-
ku je zdvisld na drovni hladiny ve vodote¢i. V Pankrdcké tera-
se je zvoden dotovdna pouze atmosférickymi srazkami.

SMEROVE A VYSKOVE VEDENI TRASY, RYCHLOST

Bylo nutno respektovat nékolik zdsadnich limitujicich faktoru:

¢ poloha stanic metra Pankrdc a Ndmésti Miru je pfizpuso-
bena prestupnim vazbdam na trasu C a trasu A;

e poloha stanice metra Nadrazi Kr¢ je smérové a vyskové
situovdna s ohledem na vodni plochu a vodni tok
(Kunraticky potok), které jsou primo pod stanici metra;

e nové navrhované stanice jsou situovdany s ohledem na
limitujici vazby urbanistické, zdrover je ale kladen duraz
na funkénost a ekonomicnost.

Pfi ndvrhu trasy byly pro smérové vedeni uvazovany oblou-
ky o poloméru R > 500 m s vyjimkou jednoho smérového
oblouku u stanice Pisnice, kde bylo nutno pouZzit oblouk
R =460 m.

Pro vySkové vedeni trasy jsou zakruZovaci oblouky prevaz-
né s polomérem p > 2000 m. V ojedinélych pripadech bylo
nutno pouZzit p = 1800 m. Maximalni podélny sklon v trase Cin{
39,5 %o. Stanice jsou vzdy v jednotném podélném sklonu 3%o.

Cela trasa vyhovuje pro ndvrhovou rychlost V = 80 km/h. Ve
vyhybkovych objektech je omezena rychlost do odbocky na
40 km/h. Spojka do depa je navrzena rovnéz na rychlost 40 km/h.

KONCEPCNI RESENI JEDNOTLIVYCH STANIC
Stanice 1 a 2 etapy trasy I.D
Jednolodni stanice Pankrac — prestup na trasu C

Je situovana pod kfiZzovatkou ulic Na Pankrdci, Na Strzi
a Budéjovickou. Razend, doCasné koncova stanice ma bocni
nastupist¢ v hloubce 33 m pod terénem. Na obou koncich
nastupist’ jsou pevnd schodiste, eskaldtory a vytahy vedouci na
galerie, umisténé v Celech stani¢niho tunelu (obr. 3). Z galerie
na severni stran¢ stanice je pri¢na chodba vedouci k trojici
eskaldtord, zadsténych do podzemniho podlazi stdvajiciho ob-

chodné administrativniho centra Gemini. Z galerie na jizn{ stra-
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Nové Dvory stations, the route passes through the zone of the
Zavist Thrust, in which older Proterozoic rock is thrust over
younger Ordovician rock (the Lower Palacozoic era). From this
location, the route runs approximately transversely across the
south-eastern wing of the Barrandian syncline, from the oldest
rock types up to the youngest ones, up to the syncline axis in
the area of Pankric, where Silurian age rock types are encoun-
tered within an about 600m long section. The route further pas-
ses through the north-western wing of the Barrandian syncline,
up to Namésti Miru station, in a reverse sequence, getting to
older and older rock types.

Among superficial deposits, there are relics of the
Pleistocene terraces of the Vltava River and its tributary, the
Boti¢, which are abundantly located in the northern half of the
route. Relatively very thick accumulations of Holocene fluvial
sediments developed along the Boti¢ and the Kunratice Brook.
In addition, a cover formed by deluvial, deluviofluvial or aeo-
lian sediments exist on the route; a significant part of the route
is covered by anthropogenic fills.

With the exception of the immediate vicinity of the Kunratice
Brook, the water table level depends on atmospheric precipita-
tion. Groundwater forms most frequently aquifers in the fissu-
re environment of weathered and slightly weathered rock for-
ming the bedrock. More significant aquifers in the interstitial
environment occur in fluvial sediments of the Kunratice Brook,
Boti¢ and the Pankrac terrace. The groundwater level in fluvial
deposits of both brooks depends on the level of water surface
of the streams. In the Pankréc terrace, the aquifer is supplied
only by atmospheric precipitation.

HORIZONTAL AND VERTICAL ALIGNMENT
OF THE ROUTE, SPEED

It was necessary to respect several basic limiting factors:

e the location of Pankrdc and Namésti Miru stations is adjus-
ted to the transfer relationships to the Line C and Line A;

e the location of NadraZi Kr¢ station is designed with respect
to a water area and a stream (the Kunratice Brook), which
exist directly under the metro station;

e the newly designed stations are located with respect to
limiting land-use relationships, but at the same time stress
is placed on functionality and economy.

When the route was being designed, horizontal curves with
the radius R > 500m were taken into consideration, with the
exception of one horizontal curve near Pisnice station, where
a radius R = 460m had to be applied.

Vertical curves are mostly designed with p > 2000m radii. It
was necessary in isolated cases to use p = 1800m. The maxi-
mum longitudinal gradient along the route is 39.5 %o. The sta-
tions are always on a unified longitudinal gradient of 3%o.

The entire route is satisfactory for the design speed
V = 80km/h. In the switching-purpose structures, the speed to
a branch is restricted to 40km/h. The connecting track to the
depot is also designed for the speed of 40km/h.

CONCEPTUAL SOLUTION TO INDIVIDUAL STATIONS

Stations of stages No. 1 and 2 of the I.D route
Pankrac one-vault station — passenger transfer to the Line C

It is located under the intersection of Na Pankraci, Na Strzi
and Bud¢jovickd Streets. The mined, temporarily terminal, sta-
tion has side platforms at the level of 33m under the terrain sur-
face. Fixed staircases, escalators and lifts leading to a gallery
located at the ends of the station tunnel are at both ends of the
platforms (see Fig. 3). There is a lateral passageway leading
from the gallery on the northern side of the station. It leads to
a bank of three escalators ending on the underground floor of




Obr. 3 Pankrdc — vizualizace ndstupisté s vystupni galerii
Fig. 3 Pankrdc - visualisation of the platform with the exit gallery

né stanice vedou dvé pri¢né chodby zdpadnim a vychodnim
smérem. Chodba zdpadnim smérem vede k trojici eskaldtoru
a Sikmému vytahu, které tsti do podzemniho podlazi obchod-
niho komplexu Arkddy Pankrac. Odbockou z této pri¢né chod-
by je zajistén prestup na trasu C dalsi trojici eskaldtoru. Pii¢na
chodba na vychodni strané jizni galerie je zarodkem budouciho
trettho vystupu ze stanice, ktery by obsluhoval obé strany
Budgjovické ulice a prilehlou ulici Na Strzi. Bezbariérovy pristup
je zajistén z terénu stdvajicim vytahem u stanice trasy C, ktery pro-
pojuje troven podpovrchového vestibulu u obchodniho komplexu
Arkddy Pankrdc kromeé terénu i s tirovn{ nastupiste stanice trasy C.
Z urovné podpovrchového vestibulu Arkddy je Sikmy vytah na
droven pricné chodby a ,,jizni* galerie stanice trasy D a potom
vytahy z této galerie na jednotlivd ndstupisté stanice trasy D. Touto
trasou je zajiStén i bezbariérovy prestup z trasy C na trasu D.
Staniéni tunel délky 130 m ma velky pficny profil (obr. 4). Sitka
vyrubu je 22,96 m, vyska 18,86 m a plocha vyrubu je 343,5 m2.
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existing Gemini commercial and administration centre. Two
lateral passageways lead from the gallery on the southern side
of the station to the west and to the east. The passageway lea-
ding to the west ends at a bank of three escalators and an incli-
ned lift, ending on the underground floor of Arkady Pankrac
commercial complex. The transfer to the Line C is provided
through this lateral passageway, leading to another bank of
three escalators. The passageway on the eastern side of the
southern gallery is a germ of the future third exit from the sta-
tion, which would serve both sides of Bud¢jovickd Street and
the adjacent Na Strzi Street. Step-free access from the terrain
surface is provided by the existing lift at the station on the Line
C, which interconnects the subsurface concourse at Arkddy
commercial complex with both the terrain surface and the level
of the platform of the station on the Line C. From the Arkddy
subsurface concourse, there is an inclined lift to the level of the
lateral passageway and the “southern” gallery of the metro line
D. The step-free transfer from the Line C to the line D is also
provided by this route.

The 130m long station tunnel has got a large cross-section
(see Fig. 4). The excavated profile width and height are 22.96m
and 18.86m, respectively, and the excavated cross-sectional
area amounts to 343.5m?2. The excavation for the station tunnel
will be very complex. It will be carried out mostly from an
access tunnel the portal of which will be in a terrain depression
behind the North-East Thoroughfare in the vicinity of Na
Kfriviné Street. It will be connected to the metro route north of
Pankrdc station. In the about 90 to 100m long initial section,
the station tunnel will be driven through competent rock.
Highly unfavourable geological conditions are expected in the
last about 30 to 40m long section. For the above-mentioned
reasons an abutment tunnel will be driven in advance from the
opposite side in the central part (in the direction from
Olbrachtova station). The ground mass in the overburden and
in the profile of the future station tunnel will be stabilised from
this tunnel. The location and the profile of the bottom drift

(see Fig. 5) have been designed with the intention

for the tunnel to become subsequently part of the
station tunnel invert. After the completion of the
lateral tunnels of the station from the opposite side,
the station tunnel bottom will be closed already
before the commencement of the excavation of the
top heading of the central part of the station tunnel.
According to the results of a mathematical model,
this procedure should have a favourable effect of
deformations of the station tunnel overburden.

In addition, part of the station is formed by
a 175m long double-track running tunnel ending by
a 22m long enlarged-width dismantling chamber to
which EPB TBMs will enter after the completion of
driving of running tunnels between Namésti Brati{
Synka and Pankrdc stations (they are part of the
Line I.D stage No. 3). The double-track running
tunnel is followed by a station service tunnel,
which is located outside the metro tracks on the
eastern side.

18 860

Olbrachtova two-vault station

The station is located under Na Strzi Street, in the
section between Jeremenkova and Olbrachtova
Streets and Zeleny pruh and Antala StaSka Streets.
. It is a mined structure formed by two separate sta-
tion tunnels (see Fig. 6), which are interconnected
at the ends of the platforms and in the station cent-
re by transverse passageways. The platform is at

oy

Obr. 4 Pankrdc - pri¢ny Fez stanici
Fig. 4 Pankrdc — cross-section through the station

the depth of 27m under the terrain surface. It is on
a horizontal curve; the radii of the right-hand track
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Razba stani¢niho tunelu
bude velmi narocna.

Bude provadéna prevaz-
né z pristupového tune-
lu, ktery bude mit portdl

v terénni depresi za
Severojizni magistralou
v blizkosti ulice Na kfivi- -
né. Do trasy metra bude _cal
zaustén severné od stani- o
ce Pankrdc. V dvodni
¢asti v délce cca 90 az
100 m bude stani¢ni tunel .
raZen v pevnych horni- ‘
nach. V poslednim dseku :
v délce cca 30 az 40 m ‘
jsou ocekdvany velmi i
nepfiznivé  geologické i
poméry. Z téchto divoda :
bude z opacné strany !
(smérem od stanice Ol- | /”
brachtova) razen v pred-
stihu ve stfedni Cdsti sta-
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vyrub a z néj budou pro- one-vault station

bottom drift

vddény sanace hornino-
vého masivu v nadloZi
i v profilu budouciho sta-
ni¢nitho tunelu. Poloha
a profil patniho vyrubu (obr. 5) jsou navrZeny tak, aby jeho spodni
klenba byla ndsledné soucdsti spodni klenby stani¢niho tunelu. Po
vyraZeni bo&nich vyrubu stanice z opa¢né strany bude jiz dno stanic-
niho tunelu uzavieno pred zahdjenim razby kaloty stfedni ¢asti sta-
ni¢niho tunelu. Podle vysledki matematického modelu by tento
postup mél mit pfiznivy vliv na deformace nadlozi stani¢niho tunelu.

Souddasti stanice je i dvoukolejny tratovy tunel v délce 175 m,
zakonCeny rozsifenou demontdzni komorou délky 22 m, do
které vjedou zeminové Stity po dokonleni razby tratovych
tunell mezi stanicemi Ndmésti Bratfi Synku a Pankrdc (jsou
soucdsti 3. etapy trasy I.D). Na dvoukolejny tratovy tunel
navazuje technologicky tunel stanice, ktery je umistén vne
trasy koleji metra na vychodni strané.

Obr. 5 Pankrdc - ¢lenéni vyrubu stanice v obtiznych geologickych podminkdch (patni vyrub)
Fig. 5 Pankrdc - station excavation sequence in complicated geological conditions (the bottom drift)

and the left-hand track are 826m and 800m, respectively.
Owing to its character, the station is reminiscent of a station
with side platforms, but, by the collisionless access of passen-
gers to both platform edges, it is similar to stations with central
platforms. It is the first mined station of this type to be realised
on the Prague metro network. One of the main reasons for the
adoption of this station concept was the unfavourable geology
(the Bohdalec Shale), which does not allow for the realisation
of large-dimension excavation required for the one-vault stati-
on type. The station tunnels have got the width of the excava-
ted cross-section of 10.6m, the height of 9.2m and the excava-
ted cross-sectional area of 86m?.

Exits from the station are connected to transverse passage-
ways at the ends of the platform. On the northern side, there is

LEVY STANICNi TUNNEL
LEFT-HAND STATION TUNNEL

9200

PRAVY STANICNi TUNNEL
RIGHT-HAND STATION TUNNEL

Obr. 6 Olbrachtova — pri¢ny Fez stanici
Fig. 6 Olbrachtova — cross-section through the station
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Dvoulodni stanice Olbrachtova

Stanice je umisténa pod ulici Na Strzi v dseku mezi kfiZo-
vatkami s ulicemi Jeremenkova, Olbrachtova a Zeleny pruh,
Antala Staska. Je to razend stanice, kterou tvori dva samostat-
né stani¢ni tunely (obr. 6), propojené na koncich nastupist'a ve
stiedu stanice pri¢nymi chodbami. Néstupisté v hloubce 27 m
pod terénem je ve smérovém oblouku, polomér pravé koleje je
826 m a polomeér levé koleje je 800 m. Nastupisté svym cha-
rakterem pripomind stanice s bo¢nimi ndstupisti, ale bezkoliz-
nim pfistupem cestujicich na obé hrany ndstupisté odpovida
stanicim s ostrovnim ndstupi$tém. Je to prvni razend stanice
tohoto typu, kterd bude realizovdna na prazském metru.
Jednim z hlavnich davodu volby této koncepce stanice byly
nepriznivé geologické pomery (bohdalecké bridlice), které
neumoznuji realizaci velkorozmérovych vyrubu typu jedno-
lodnich stanic. Stani¢ni tunely maji $itku vyrubu 10,6 m, vys-
ku 9,2 m a plochu vyrubu 86 m2.

Do pri¢nych chodeb na koncich ndstupi$té jsou zadstény
vystupy ze stanice. Na severni stran¢ ndstupiSté je to trojice
eskaldtort a §ikmy vytah do nadzemniho vestibulu, umisténé-
ho u krizovatky ulice Na Strzi s ulicemi Jeremenkova
a Olbrachtova. Na jizni strané to je trojice eskaldtoru do pod-
povrchového vestibulu pod ulici Na Strzi. Na terén vedou
pevné schodisté a vytah a obslouZena je tak kfizovatka ulice
Na Strzi s ulicemi Zeleny pruh a Antala Staska. Bezbariérovy
pristup do stanice je zajistén ze severniho nadzemniho vesti-
bulu §ikmym vytahem pfimo na néstupisté.

Povrchova stanice Nadrazi Kr¢

Jednd se o jedinou povrchovou a ¢aste¢né i nadzemni stani-
ci na celé trase 1.D. Je situovdna do pdsu zelené s vodni plo-
chou v blizkosti novogotického zamecku Sv. Havel. Tato kli-
dova zdna je ze severu ohranicena JiZni spojkou a z jihu Zelez-
ni¢ni stanici Nadrazi Kr¢ (obr. 7).

Stanice md bo¢ni ndstupisté, kterd jsou ¢dste¢né umisténd na
mosté (obr. 8) a zcela oteviend do okolniho prostoru (obr. 9).
Na obou koncich ndstupisté navazuji podchody. Na severni
strané stanice podchdzi Jizni spojku a vytahem a pevnym
schodistém dsti do nadzemniho vestibulu, odkud je napojeni
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Obr. 7 NddraZi Kr¢ — vizualizace umisténi stanice v terénu
Fig. 7 Nddrazi Kr¢ — visualisation of the station location in the terrain

a bank of three escalators and an inclined lift to the at-grade
concourse located at the intersection Na StrZi Street with
Jeremenkova and Olbrachtova Streets. On the southern side,
there is a bank of three escalators ending in the subsurface con-
course under Na Strzi Street. Fixed staircases and a lift lead to
the terrain surface, thus the intersection of Na StrZi Street and
with Zeleny pruh and Antala StaSka streets is serviced. The
step-free access to the station is provided from the northern at-
grade concourse by an inclined lift leading directly to the plat-
form.

Nadrazi Kr¢ at-grade station

It is the only at-grade and partially also aboveground station
on the entire Line I.D. It is located in a green strip with a water
area in the vicinity of St. Havel Neo Gothic chateau. This quiet
zone is bordered from the north by the Southern Link Road and
from the south by Kr¢ railway station (see Fig. 7).

The station has got side platforms, which are partially loca-
ted on a bridge (see Fig. 8) and are fully open to the surroun-
ding space (see Fig. 9). Pedestrian subways are connected to
both ends of the platform. On the northern side, the station pas-

Fig. 8 NddraZi Kr¢ — cross-section through the platform above the water area
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Obr. 9 NddraZi Kr¢ — pohled na ndstupisté na mosté
Fig. 9 Nddrazi Kr¢ — a view of the platform on the bridge

na dispec¢ink trasy metra D. Vstup do stanice je z kfiZovatky
ulic V Podzamci, Branickd a Na Strzi. Podchod v jiZni Casti
vede pevnym schodi§t€ém a vytahem na terén v ulici Pred
Ndadrazim, kde je rovnéZ navrzen parkovaci dim P + R
s kapacitou 432 stdni. Bezbariérovy pristup do stanice je jak ze
severniho vestibulu, tak i z jiZni strany z ulice Pfed NadraZim.

Hloubena stanice Nemocnice Kré¢

Stanice s ostrovnim ndstupi$tém v hloubce 18 m pod teré-
nem je umisténa napfi¢ pod ulici Zélesi a prilehlymi nezasta-
vénymi pozemky pobliZ kfiZzovatky s ulici Videnskou. Na
obou koncich ndstupisté (severnim i jiznim) jsou trojice eska-
latora a §ikmy vytah, které vedou do nadzemniho vestibulu.
Vestibul v jizn{ &4sti muze byt integrovan do piipadné zéstav-
by v rozvojovém tizemi. Ze severniho vestibulu (obr. 10, 11) je
primy vystup na terén v tdrovni stdvajiciho podchodu pod ulici
Videnskou a pomoci pevného schodisté a vytahu na zvySenou
droven terénu u ulice Videnské. Ze severniho vestibulu je po
sanaci stavajiciho podchodu pod Videnskou ulici pfimé propo-
jeni s nemocnici Kr¢. Bezbariérovy pristup do stanice je
z obou vestibuli — severniho i jiZznitho. Mezi vystupy ze stani-
ce jsou nad stropem ndstupi$té navrzeny podzemni gardZe.
Stanice bude realizovdna ve stavebni jamé hloubky 14,6 az
22 m, zajisténé kotvenymi pilotovymi sténami.
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ses under the Southern Link Road and ends by a lift and a fixed
staircase in the at-grade concourse, from which there is conne-
ction to the line D management centre. The entry to the station
is from the intersection between V Podzdmdci and Branickd
Streets and Na StrZi Street. The pedestrian subway in the sout-
hern part leads to the terrain surface via a fixed staircase and
a lift in Pfed Nadrazim Street, for which a P + R parking buil-
ding with the capacity of 432 spaces is in addition designed.
The step-free access is both from the northern concourse and
from the southern side, from Pred Nadrazim Street.

Nemocnice Kr¢ cut-and-cover station

The station with a central platform at the depth of 18m under
the terrain level is located transversally under Zdlesi Street and
adjacent non-built-up plots of land in the vicinity of the inter-
section with Videnska Street. There is a bank of three escala-
tors and an inclined lift at each end of the platform (northern
and southern). They lead to an at-grade concourse. The con-
course in the southern part can be integrated into the contingent
development in the development area. From the northern con-
course (see Figures 10 and 11), there is a direct exit to the ter-
rain surface at the level of the existing pedestrian subway under
Videnskd Street and, via a fixed staircase and a lift, to the ele-
vated level of the terrain in the vicinity of Videnska Street.
Direct connection to Nemocnice Kr¢ hospital will be possible
from the northern concourse after the rehabilitation of the exis-
ting pedestrian subway under Videnskd Street. The step-less
access to the station is from both concourses — the northern and
southern one. An underground car parking building is designed
in the area between the exits from the station, above the plat-
form ceiling. The station will be realised in a 14.6 to 22m deep
construction pit, which will be secured by anchored pile walls.

Nové Dvory one-vault station

It is a mined station with a central platform at the depth of
32m under the terrain surface. It crosses under Libusska Street
at an angle (see Fig. 12). A bank of three escalators leads from
the northern end of the platform to an at-grade concourse next
to the intersection between Libuiskd and V Stihlich Streets.
A fixed staircase and a lift leading to a transverse gallery are at
the southern end of the platform. An access passageway leading
to the bank of three escalators is connected to it. The escalators
lead to the at-grade concourse in Durychova Street, near its
intersection with LibusSska Street. Apart from escalators, there
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Obr. 10 Nemocnice Kr¢ — priény ez stanici u severniho vestibulu

Fig. 10 Nemocnice Kr¢ — cross-section through the station at the northern concourse
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is a pair of lifts there ending on the terrain surface on the oppo-
site side of Durychova Street, at the end of the underground
passageway. This is how the step-free access to the station is
provided.

The station part designed for mechanical and electrical equ-
ipment follows after the public circulation part. It is located in
an enlarged-height profile of the station tunnel. The crossing of
tracks, which the tunnel for dead-end tail tracks located betwe-
en connecting running tunnels connects to, is also its part.
Enlarged-width profiles of branching chambers are proposed to
be at the beginning of the running tunnels. They will allow for
the realisation of the line D branching in the direction of
Modrany in the future. The station tunnel will be driven most-
ly through the Dobrotiv Formation massif, with a sufficient
overburden height. The station tunnel excavation is 21.72m

e g e e wide, 15m high and the excavated cross-sectional area is
2
Obr. 11 Nemocnice Kr¢ - vizualizace severniho vestibulu 254m=.
Fig. 11 Nemocnice Kr¢ — visualisation of the northern concourse Libus cut-and-cover station

The station is located along Novodvorska Street. It has got

Jednolodni stanice Nové Dvory a central platform at the depth of 13m under the terrain level.

RaZend stanice s ostrovnim ndstupistém v hloubce 32 m pod A fixed staircase with a pair of lifts ending in an at-grade con-
terénem je situovand Sikmo pod ulici Libusskou (obr. 12). Ze course located in the close vicinity of Novodvorskd Street is
severniho konce ndstupisté vede trojice eskaldtord do nadzemni- | |ocated at the northern end of the platform. There are three
ho vestibulu u kfizovatky ulic Libusskd a V Stihlach. Na jiznim | ogcajators and an inclined lift leading to the at-grade concour-
konci ndstupisté je pevné schodisté a vytah na piicnou galerii. se at the southern end of the platform. The concourse is located

Navazuje na ni piistupovd chodba k trojici eskaldtoru, které
vedou do nadzemniho vestibulu v Durychové ulici pobliz kfiZo-
vatky s ulici Libusskou. Na konci podzemni chodby je kromé
eskaldtori i dvojice vytahu, dstici na terén na opalné strané
Durychovy ulice. Tim je zajistén bezbariérovy pristup do stanice.

Na verfejnou ¢dst stanice navazuje na jizni strané (smérem

in a green area at some distance from Novodvorskd Street. The
step-less access to the station is possible from both concourses.
The station will be realised in a 16.5m deep construction pit,
which will be stabilised by anchored pile walls.

Pisnice cut-and-cover station

z centra) technologickd Cdst stanice, umisténd ve zvySeném This station is located in the fore-space of grounds of the for-
profilu stani¢niho tunelu. Jeji souédsti je i kolejové kifzeni, na | mer “Masokombindt” (a meat processing plant), in the imme-
které navazuje obratovy tunel umistény mezi navazujicimi tra- diate vicinity of Libusska Street. It has got a central platform at
tovymi tunely. Na za&atku tratovych tuneld jsou navrZeny roz- the depth of 13m under the terrain surface. The exit from the
§ifené profily odbo¢nych komor, které umozni v budoucnu rea- platform to the terrain surface is provided by one concourse,
lizovat vétveni trasy D smérem do Modfan. Stanice bude raze- which is located at the southern front end of the platform. The
na prevdzné v masivu dobrotivskych vrstvich s dostate¢nou | platform is interconnected with the subsurface concourse by
vyskou horninového nadlozi. Sitka vyrubu stani¢niho tunelu je a pair of escalators, a fixed staircase and a lift. The other exit,
21,72 m, vyska 15 m a plocha vyrubu je 254 m2. the escape-purpose one, is located at the northern front end of
the platform. It is equipped with a fixed sta-
ircase.

The main exit from the subsurface con-
o course is located east of LibuSska Street, in
the space in front of the former “Maso-
kombinat” (see Fig. 13). The exit from the
concourse is provided by a pair of straight
staircases and a lift. The exit to the western
side from Libusskd Street toward the Libu§
residential area is provided by a pedestrian
subway ending by a direct staircase and
a lift. The two lifts interconnect the station
with bus stops in a step-less way. The stati-
on will be realised in a 17m deep construc-
tion pit, which will be stabilised by ancho-
red pile walls.

15 000

Depo Pisnice (Pisnice Depot)
cut-and-cover station

This station will be for a long time
a terminus on the newly designed Line [.D
of Prague metro. It is located in the area of
the current industrial site located in the
south-western quarter of the intersection
between Videnskd Street and Kunratice
Obr. 12 Nové Dvory — piicny Fez stanici Link Road. The longitudinal axis of the sta-
Fig. 12 Nové Dvory — cross-section through the station ‘ tion is parallel with Videnska Street. A part
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Obr. 13 Pisnice - vizualizace vystupu na terén
Fig. 13 Pisnice — visualisation of the exit to the terrain surface

Hloubena stanice Libus

Stanice je situovana podél ulice Novodvorské a ma ostrovni
nastupiS$té v hloubce 13 m pod terénem. Na severnim konci
néstupist€ je umisténo pevné schodisté s dvojici vytahu dstici
do nadzemniho vestibulu umisténého v tésné blizkosti ulice
Novodvorska. Na jiznim konci nastupisté jsou tfi eskaldtory
a Sikmy vytah, které vedou do nadzemniho vestibulu situované-
ho do zelené plochy dédle od ulice Novodvorské. Bezbariérovy
piistup do stanice je umoZnén z obou vestibuli. Stanice bude
realizovdna ve stavebni jadmé hloubky 16,5 m, zajisténé kotveny-
mi pilotovymi st€nami.

Hloubena stanice Pisnice

Tato stanice je situovand do predprostoru aredlu byvalého
,,Masokombinatu* v tésné blizkosti ulice Libu§ské. M4 ostrovni
néstupisté v hloubce 13 m pod terénem. Vystup z néstupi$té na
terén je zajiStén jednim vestibulem, ktery je umistén v jiZnim
Cele néstupisté. Nastupisté je s podpovrchovym vestibulem spo-
jeno dvojici eskaldtora, pevnym schodi§tém a vytahem.
V severnim &ele ndstupiSté je umistén pouze druhy unikovy
vystup s pevnym schodistém.

Hlavni vystup z podpovrchového vestibulu je situovan na
vychod od ulice Libusské do prostoru pred byvalym

TuHel

of the industrial site located south of Pramennd Street is used
for the construction of the metro station.

With respect to the fact that it is a terminal station of the
metro line, a bus terminal with parking areas for buses and a P
+ R parking area with the capacity of 850 spaces is designed for
the location. The main (southern) concourse is accessible from
the southern end of the central platform located 7m under the
terrain surface (see Fig. 14) via a pair of escalators and a fixed
staircase with a lift. The concourse has got exits to both sides
of the bus terminal and an exit to the south located on the plat-
form axis.

A pair of escalators and an escape staircase and a lift to the
second (adjacent) concourse lead from the northern end of the
platform. The exit ends in the free parter level on the terrain,
which is created directly above the metro station platform cei-
ling (see Fig. 15). About 220m long stabling tracks are desig-
ned south behind the station. The northern underground part of
the station is dedicated solely to the mechanical and electrical
services of the station.

The station will be realised in a 14.5m deep construction pit,
which will be partially sloped and partially stabilised by ancho-
red soldier beam and lagging walls.

Stations of the Line I.D stage No. 3
Namésti Miru one-vault station — transfer to the Line A

This temporarily terminal mined station is located under
Séazavska Street in Vinohrady. It has got a 12.06m wide central
platform at the depth of ca 40m under the terrain surface (see
Fig. 16). There are banks of three escalators leading to underg-
round concourses at both ends of the platform. Fixed staircases,
banks of two escalators and lifts lead from the concourses to
the terrain level. On the southern side, there is a concourse at
the intersection between Francouzskd and Sdzavska streets; on
the northern side, it is in Sazavska Street, in the section betwe-
en transverse Vinohradskd and Slezska Streets. Because of the
fact that the station will be temporarily terminal, a crossing of
tracks is designed before the platform, inside the station tunnel
profile. It will allow for reversing metro trains.

The step-free access to the station is allowed for by a pair of
lifts leading from residential building the descriptive No. 592
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Obr. 14 Depo Pisnice — pric¢ny Fez stfedem stanice
Fig. 14 Depo Pisnice — cross-section through the station centre




Obr. 15 Depo Pisnice — vizualizace umisténi stanice na terénu
Fig. 15 Depo Pisnice — visualisation of the station location on the terrain surface

,»Masokombinatem* (obr. 13). Vystup z vestibulu zabezpecuje
dvojice pfimych schodist' a vytah. Vystup na zapadni stranu od
ulice Libusské smérem do sidlisté zabezpecuje podchod, ktery
je ukonCen pfimym schodi$tém a vytahem. Oba vytahy propo-
juji bezbariérové stanici se zastdvkami autobusu. Stanice bude
realizovana ve stavebni jamé hloubky 17 m, zaji$téné kotve-
nymi pilotovymi sténami

Hloubena stanice Depo Pisnice

Tato stanice bude dlouhodobé koncovou stanici na nove navr-
hované trase I.D praZzského metra. Je situovdna v misté soucas-
ného prumyslového aredlu, umisténého v jihozdpadnim kvadran-
tu kiiZeni ulic Videnskd a Kunratickd spojka. Podélnou osou je
orientovana rovnobézné s ulici Videniskou. Pro stavbu stanice
metra je vyuZita ¢ast tohoto aredlu jizn€ od ulice Pramenna.

Vzhledem k tomu, Ze jde o koncovou stanici trasy metra, je
v jejim misté navrhovan autobusovy termindl s odstavnymi plo-
chami pro autobusy a parkovisté P+R s celkovou kapacitou 850
stani. Z ostrovniho ndstupisté, které je umisténo cca 7 m pod
urovni terénu (obr. 14), je na jeho jiZnim
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on the corner of Sdzavska and Korunni Streets to a transfer hall
under the line D station platform (see Fig. 17). From this place
the way proceeds by a short lift (upwards) to the centre of the
line D station and by an inclined lift (downwards) in the tran-
sfer escalator tunnel to the existing Line A station. The place-
ment of the lifts for the step-free access to the stations on both
metro lines to the residential building in Korunni Street was
facilitated by the fact that its owner is the municipal district of
Prague 2. It is even more valuable because of the fact that there
is, in addition to pedestrian and automobile traffic, a tram track
in this street and placing a separate lift kiosk to this street
would be nearly unsolvable.

The great depth of the station and the dense surface develop-
ment above the station and its surroundings do not allow for
proposing a suitable access for the excavation of the station
from the space of Vinohrady. The access to the station suitable
for the application of effective and high-capacity tunnelling
equipment will be allowed for by a double-track running tun-
nel. The portal of the tunnel will be in a construction pit loca-
ted in the park in the vicinity of Perucka Street (at the interfa-
ce between Vinohrady and VrSovice).

The station tunnel is 229m long, the width of the excavated
cross-section is 22.66m, its height is 15.86m and the excavated
cross-sectional area is 284m?2. Single-track stabling tunnels
145m long follow behind the platform. On the opposite side,
the station tunnel will be connected to a double-track running
tunnel, the width of which will gradually increase in the direc-
tion of the station. The station will be driven through
a competent rock massif of the Letna Formation.

Namésti Bratii Synku cut-and-cover station

It is located in the space between Otakarova Street and Bratii
Synkti Square in Nusle. It has got a central platform at the
depth of ca 13m under the terrain level. A 30m long section of
the platform is located under residential buildings on the north
side of Bratii Synka Square, which have to be preserved. This
part of the platform was designed as a mined 3-vault profile in
the design documentation for issuance of zoning and planning

konci dvojici eskaldtort a pevnym schodis-
tém s vytahem pristupny hlavni (jizni) ves-
tibul. Ma vystupy do obou stran autobuso-
vého termindlu a vystup v ose ndstupisté
smérem na jih.

Ze severniho konce ndstupisté vede dvo-
jice eskalétora a dnikové schodi$té a vytah
do druhého (vedlejsiho) vestibulu. Vystup
usti do volného parteru na terénu vytvore-
ného pfimo na stropé ndstupiSt€ stanice
metra (obr. 15). Za stanici jiZnim smérem
jsou navrzeny odstavné koleje délky cca
220 m. Severni podzemni Cdst stanice je
vénovéna vyhradné technologickému zari-
zen{ stanice.

Stanice bude realizovdna ve stavebni
jamé hloubky 14,5 m, kterd bude Castecné
svahovand a CédsteCné zajiSténa kotvenym
zaporovym pazenim.

Stanice 3 etapy trasy 1.D

Jednolodni stanice Namésti Miru
— prestup na trasu A

15 860

Tato doCasné koncovd, razend stanice je

umisténd pod ulici Sdzavskou na Vi-
nohradech. M4 ostrovni ndstupiste Sitky

12,06 m v hloubce cca 40 m pod terénem
(obr. 16). Na obou koncich néstupisté jsou

Obr. 16 Namésti Miru — pri¢ny Fez stanici
Fig. 16 Nameésti Miru — cross-section through the station
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STANICE TRASY I.D
STATION ON LINE 1.D

STANICE TRASY A
STATION ON LINE A

prestupni hala
transfer hall

vytahova Sachta
lift shaft

tratovy tunel trasy A
Line A running tunnel

Obr. 17 Nameésti Miru — 3D model stanice v misté prestupu na trasu A

Fig. 17 Nameésti Miru — 3D model of the station in the location of the transfer to the Line A

trojice eskaldtorii vedouci do podzemnich vestibull, z nichZ
vedou na terén pevnd schodisté, dvojice eskaldtort a vytahy. Na
jizni stran€ je vestibul u kfiZzovatky ulic Francouzské a Sdzavsk4,
na severni stran¢ je to v Sdzavské ulici v dseku mezi pri¢nymi
ulicemi Vinohradskou a Slezskou. ProtoZe stanice bude docasné
koncovd, je pred nastupistém v profilu stani¢niho tunelu navrze-
no kolejové kifZzeni, umoZnujici obraceni vlaku metra.

Bezbariérovy pristup do stanice umoZiuje dvojice vytaht
vedouci z obytného domu ¢p. 592 na ndrozi ulic Sdzavska
a Korunni do prestupni haly pod ndstupiStém stanice trasy D
(obr. 17). Odtud kratkym vytahem (nahoru) do stfedu nastupisté
stanice D a §ikmym vytahem (dolt) v prestupnim eskaldtorovém
tunelu na stdvajici stanici trasy A. Umistén{ vytaht pro bezbari-
érovy pristup do stanic obou tras metra do obytného domu
v Korunni ulici usnadnila skute¢nost, Ze vlastnikem domu je
méstskd ¢dst Praha 2. Je to o to cennéjsi, Ze v této ulici je kromé
pésiho a automobilového provozu i tramvajovd trat’ a umisténi
samostatného vytahového kiosku do této ulice by bylo témér
neresitelné.

Velkd hloubka stanice a hustd povrchova zdstavba nad stanici
a jejim okolim neumozZnuji navrhnout vhodny pristup pro razbu
stanice z prostoru Vinohrad. Pfistup do stanice, vhodny pro nasa-
zeni vykonné a kapacitni razici techniky, umoZzni dvoukolejny
tratovy tunel. Ten bude mit portdl v hloubené jamé umisténé
v parku v blizkosti Perucké ulice (rozhrani Vinohrad a VrSovic).

Stani¢ni tunel mé délku 229 m, Sitka vyrubu je 22,66 m, vyska
15,86 m a plocha vyrubu je 284 m?. Za ndstupiitém na néj nava-
zuji jednokolejné odstavné tunely délky 145 m. Na opacné stra-
né bude na stani¢ni tunel navazovat dvoukolejny tratovy tunel,
ktery se smérem ke stanici postupné roz§ifuje. Stanice bude raze-
na v pevném horninovém masivu vrstev letenskych.
Hlouben4 stanice Namésti Bratfi Synku

Je situovand do prostoru mezi ulici Otakarovou a ndméstim
Bratif Synka v Nuslich. M4 ostrovni ndstupi$té v hloubce cca
13 m pod trovni terénu. Usek ndstupisté v délce 30 m je umis-
tén pod obytnou zdstavbou na severni strané namésti Bratri
Synku, kterd musi byt zachovdna. V dokumentaci pro dzemni
rozhodnuti byla tato Cdst nastupis$té navrZena jako raZeny troj-
lodni profil, realizovany v obtiZnych geologickych podminkdch.

decision. It will be realised in complicated geological conditi-
ons. Unfortunately, the cross-section through this mined part of
the station did not correspond to the station cross-section in the
cut-and-cover part. At the moment, the final design for phase 3
of the metro Line I.D, a part of which is also this station, is
being carried out. It will be used for the application for the con-
struction permit. Station designers are checking the possibility
of replacing the mined 3-vault profile with a profile identical
with that of the station in the cut-and-cover part, which will
have one row of columns on the longitudinal axis of the station
(see Fig. 18). This section would be driven using an atypical
method (a combination of tunnelling and jacking).

There are exits to underground concourses on both sides of
the platform. A fixed staircase, an escalator and a lift lead to the
northern concourse, whilst a bank of three escalators and an
inclined lift lead to the southern concourse. From the northern
concourse, there is an access to Otakarova Street by a lift and
to all tram stops and both opposite pavements along fixed sta-
ircases. From the southern concourse, there is an access to
Bratii Synkt Square by a lift and along two fixed staircases.
The step-free access to the station is possible from both
Otakarova Street and Bratii Synku Square. In the cut-and-cover
part of the station, there are parking garages with an automatic
car stacking system located in the courtyard, above the plat-
form ceiling slab. The garages are designed to allow for reali-
sing the addition of several buildings in Otakarova Street so
that a classical urban block is developed in the future. The sta-
tion will be realised in the Boti¢ River flood plane, where
water-bearing Quaternary sediments exist. For these reasons
the construction pit will be stabilised by anchored diaphragm
walls.

TIME, FINANCES, CONSTRUCTION PROCEDURES
AND TECHNOLOGY EQUIPMENT

The entire operating section No. 1 of the I.D Line is an
investment very extensive in terms of the volume and finan-
cing. The construction period and, first of all, the division into
stages, were determined as early as the zoning process docu-
ments from 2011, above all with respect to providing finances.
All of the ten stations were to be brought into service step by
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Obr. 18 Namésti Bratii Synkut — nové navrhovany priény profil stanice
Fig. 18 Ndamésti Bratii Synku — newly designed station cross-section

Pri¢ny profil této razené Casti stanice bohuZzel nekorespondoval
s pri¢nym profilem stanice v hloubené ¢asti. V soucasné dobé se
zpracovava dokumentace pro stavebni povoleni 3. etapy trasy
metra [.D, jejiZ soucdsti je i tato stanice. Projektanti stanice pro-
véruji moznost nahradit raZzeny trojlodni profil stanice profilem
totoznym s profilem stanice v hloubené casti, ktery bude mit
jednu fadu sloupu v podélné ose stanice (obr. 18). Razba tohoto
tseku by byla provddéna atypickym zpusobem (kombinace
razby a protlacovdni).

Na obou koncich néstupiste je vystup do podzemnich vestibu-
Ii. Do severniho vestibulu udsti pevné schodisté, eskaldtor
a vytah, do jizniho pak trojice eskaldtori a Sikmy vytah. Ze
severniho vestibulu je pristup do Otakarovy ulice vytahem
a pevnymi schodisti na v§echny tramvajové zastdvky a oba pro-
tilehlé chodniky. Z jizniho vestibulu je pristup na Nameésti Bratfi
Synkl vytahem a dvéma pevnymi schodisti. Bezbariérovy pri-
stup do stanice je jak z Otakarovy ulice i z Namésti Brati{ Synku.
V hloubené &4sti stanice jsou nad stropem néstupi$té umistény ve
vnitrobloku podzemni gardZe s automatickym zakladacovym
systémem. Jsou navrzeny tak, aby bylo v budoucnu moZzno
v Otakarové ulici nad stanici realizovat dostavbu fady domu
a vytvorit klasicky méstsky blok. Stanice bude realizovdna
v udolni nivé Botice, kde se vyskytuji zvodnélé kvarterni sedi-
menty. Z téchto duvodu bude stavebni jama stanice zaji$téna kot-
venymi podzemnimi st€nami.

CAS, FINANCE, STAVEBNI POSTUPY
A TECHNOLOGICKE VYBAVENI

Cely prvni provozni tdsek trasy I.D je objemové i finan¢né
velmi rozsahld investice. Doba vystavby a zejména Casové roz-
loZeni do etap bylo urcovano jizZ v dokumentaci pro tizemnf roz-
hodnuti (DUR) z roku 2011 predev§im s ohledem na zajiténi
financovani. VSech deset stanic mélo byt postupné zprovoznéno
ve tfech etapdch. Rozhodnutim Rady zastupitelstva hlavniho
mésta Prahy z Cervence leto$niho roku bude vystavba trasy 1.D
realizovdna ve dvou etapich; 1. a 2. etapa podle DUR budou
realizovdny soucasné (dsek Pankric — Depo Pisnice). Termin

step, at 3 stages. According to the decision of the Council of the
Prague City Hall Assembly from July 2015, the development of
the Line I.D will be realised at two stages. According to the
construction location permit, stages No. 1 and 2 will be reali-
sed concurrently (the Pankrdc station — Depo Pisnice station
section). The commencement and inauguration are expected to
take place in 2017 and 2023, respectively. The expected cost of
the development is presented in the table in Fig. 19. It would be
optimal if the development of stage No. 3 (Namésti Miru
Square — Pankréc) fluently continued after the development of
the Pankrdc — Depo Pisnice section. Concrete deadlines for the
realisation have not been set yet, but the preparation of the
design continues.

As far as the construction solution (tunnels and stations) is
concerned, the authors try to design modern effective construc-
tion methods and an attractive architectural solution, which
will be friendly for passengers and servicing personnel.
Anyway, progress in civil engineering solutions does not hurry
ahead by such steps as the progress in technology equipment.
Here the state-of-the-art equipment will allow us to design
solutions more economic in terms of space, mainly in the ope-
rational hinterland of stations, compared with the recently com-
pleted extension of metro Line A to Motol.

DRIVING SINGLE-TRACK RUNNING METRO TUNNELS
USING EPB TBMS

The single-track running tunnels designed for the Line I.D
are identical with the tunnels on the line V.A (Dejvicka —
Motol), which was brought into service in April 2015. The net
cross-section of the tunnel is 5.3m, the thickness of the reinfor-
ced concrete segmental lining is 0.25m and the diameter of the
TBM cutterhead is 6.06m.

The single-track running tunnels of the stage No. 2 of the
metro Line [.D will be driven against the direction of the metro
Line chainage, from the portal at chainage km 49.721761 of the
left-hand track in the construction pit before Depo Pisnice sta-
tion. The tunnelling process will be also serviced from this con-
struction pit. Two EPB TBMs will be deployed. After the com-
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zahdjeni vystavby se predpoklada v roce 2017 a uvedeni do pro-
vozu v roce 2023. Predpoklddané nédklady na vystavbu tohoto
dseku jsou uvedeny v tabulce na obr. 19. Bylo by optimdlni, kdyby
vystavba 3. etapy (Namésti Miru — Pankréc) plynule navazala na
stavbu tseku Pankrdc — Depo Pisnice. Konkrétni terminy realiza-
ce zatim nebyly stanoveny, ale pokracuje projekéni priprava.

Pokud jde o stavebni reSeni (tunely a stanice), snazi se autori
o navrhovani modernich efektivnich metod vystavby a atrak-
tivniho architektonického resent, které bude privetivé pro cestu-
jici i obsluhujici persondl. Ale prece jen ve stavebnim reSen{
nespéchd pokrok dopredu takovymi kroky, jako v tech-
nologickém vybaveni. Zde nejmodernéjsi technologie umozni
navrhnout prostorové tspornéjsi feSeni predev§im v provoznim
zézemi stanic oproti neddvno dokoncenému prodlouZeni trasy
A do Motola.

RAZBA JEDNOKOLEJNYCH TRATOVYCH TUNELU
METRA ZEMINOVYMI STITY

Pro trasu I.D jsou navrZeny profily jednokolejnych tunelt stej-
né jako na stavbé trasy V.A (Dejvickd — Motol), kterda byla
v dubnu leto$niho roku uvedena do provozu. Svétly prumér tune-
lu je 5,3 m, tloustka montovaného Zelezobetonového osténi je
0,25 m a profil hlavy raziciho stroje je 6,06 m.

V ramci 2. etapy vystavby trasy I.D budou raZeny tratové jed-
nokolejné tunely proti sméru staniCeni trasy metra od portdlu
vkm49,721761 LK v hloubené stavebni jamé pred stanici Depo
Pisnice. Z této stavebni jamy bude také razba tratovych tunela
obsluhovdna. Budou nasazeny dva zeminové Stity (EPBS).
Po vyraZeni tratovych tuneld ke stanici Pisnice vjedou razici
stroje do oteviené stavebni jamy této stanice, projedou stavebni
jdmou a dale budou pokrafovat razbou tratovych tunel
do stanice Libus. Také v tomto dseku, po dokonceni razby mezi
stanicemi Pisnice — Libus§ vstoupf razic{ stroje do pripravené sta-
vebni jamy, budou stavebni jamou protazeny a ddle budou pokra-
Covat razbou smérem k jednolodni stanici Nové Dvory. Vjetim
stroju do stanice Nové Dvory konéi razba tratovych tunelu
2. etapy trasy I.D. Stanice Nové Dvory je raZzend jednolodni sta-
nice, ve které budou v predstihu vyrazeny boéni dil¢i vyruby sta-
ni¢niho tunelu a stfedni obratovy tunel. Bo¢nimi vyruby stanice
se razici stroje protdhnou a ndsledné budou pokracovat s razbou
tratovych tunelt ke stanici Nemocnice Kr¢.

V 1. etapé trasy I.D budou technologii tunelovacich stroju
razeny tratové tunely v useku mezi stanicemi Nové Dvory
a Olbrachtova. Az do stanice Nemocnice Kr¢ bude plynule
pokracovat razba z predchazejiciho dseku s obsluhou razicich
mechanismu ze zaffzeni staveni$t€ u stanice Depo Pisnice.
Po vjeti §titd do oteviené stavebni jamy stanice Nemocnice Kré&
dojde ke zmén€ logistiky razicich mechanismu. Veskerd obsluha
Stita pro dalsi raZbu bude premisténa na zafizeni staveni$té
u stanice Nemocnice Kré. Po projeti stroju stavebni jamou se
bude razit dalsf tratovy dsek ke stanici Nadrazi Kr¢. Po ukonceni
razeb vjedou Stity do stavebni jamy jizni Casti této stanice.
Nisledné se provede jejich pretaZeni pres provizorni most nad
Kunratickym potokem a prilehlym rybnikem. Potom budou pro-
tazeny v predstihu vybudovanymi tseky hloubenych tuneld pod
Jizni spojkou a pod ulici V podzdmdi a stavebni jamou pro hlou-
beny dvoukolejny tunel az k portdlové sténé, kde zapocne dalsi
razba jednokolejnych tunelt az do stanice Olbrachtova. Pred tou-
to stanici se v predstihu vyrazi kratké tseky zvétSenych profila
tratovych tunell technologii NRTM tak, aby bylo moZné prota-
Zeni §titd stani¢nimi tunely v definitivnim osténi. Za stanici
Olbrachtova probéhne dal$i razba v dseku jednokolejnych tune-
1u. Zde se razba ukon¢t, stroje budou protaZeny v predstihu vyra-
Zenym dvoukolejnym tunelem k Sachté, kde budou demontova-
ny a vytazeny na povrch.

TuHel

pletion of the running tunnels up to Pisnice station, the TBMs
will enter the open construction pit prepared for this station.
They will pass along the construction pit and will proceed by
driving running tunnels to Libus§ station. It will also be in this
section that the TBMs will enter the prepared construction pit,
will be pulled along it after the completion of tunnelling bet-
ween Pisnice — Libus§ stations and will continue to drive tunne-
Is in the direction of the Nové Dvory one-vault station. The
excavation of running tunnels for stage No. 2 of the Line 1.D
will end by the TBMs entering Nové Dvory station. Nové
Dvory station is a mined one-vault station; sidewall drifts and
the central tunnel for dead-end tail tracks will be excavated in
advance. The TBMs will be pulled along the station sidewall
drifts and subsequently will continue to drive running tunnels
towards Nemocnice Kr¢ station.

At stage No. | of the Line I.D the TBM technology will be
applied to running tunnels between Nové Dvory and
Olbrachtova stations. Tunnelling will fluently continue from
the previous section up to Nemocnice Kr¢ station. The tunnel-
ling equipment will be serviced from the site arrangement at
Depo Pisnice station. The logistics for the tunnelling equipment
will be changed after the entry of the TBMs to the open con-
struction pit for Nemocnice Kr¢ station. All services for the
subsequent TBM drives will be moved to the site arrangement
at Nemocnice Kr¢ station. After the passage of the machines
along the construction pit, the next section will be driven in the
direction of Nadrazi Kr¢ station. After the completion of the
drives the TBMs will enter the construction pit for the southern
part of the station. Subsequently the machines will be pulled
along a temporary bridge over the Kunratice Brook and the
adjacent pond. Then they will be pulled across the in advance
built sections of cut-and-cover tunnels under the Southern Link
Road and under V Podzdmci Street and along the construction
trench for the double-track cut-and-cover tunnel, up to the por-
tal wall, where the next driving of single-track tunnels up to
Olbrachtova station will commence. Short sections of enlarged
profiles of running tunnels using the NATM will be carried out
in advance before this station so that it is possible to pull the
TBMs along the station tunnels already provided with the final
lining. Behind Olbrachtova station, the driving in the single-
track tunnels section will continue. Here the driving will be
ended, the machines will be pulled along the in advance exca-
vated double-track tunnel up to the shaft, where they will be
dismantled and lifted up to the terrain surface.

During the subsequent realisation of stage No. 3 of the metro
Line 1.D, the EPB TBMs will be launched from the constructi-
on pit located in Havlickovy Sady park next to Peruckd Street.
The machines will drive single-track tunnels in the direction of
Namésti Bratii Synku station. After the pulling along this cut-
and-cover station is over, they will continue toward Pankrac
station. There they will enter a dismantling chamber at the end
of the tunnels for dead-end tail tracks, will be dismantled and
lifted up to the terrain surface along the access tunnel which
was used for the construction of Pankréc station.

CONVENTIONAL TUNNELLING USING THE NATM

Understandably, all four mined stations will be realised using
the NATM technique. Within the framework of stage No. 1,
they are the following stations: Nové Dvory, Olbrachtova and
Pankrdc. At stage No. 3 it will be Namésti Miru station. The
stations will be driven using colliery equipment with contin-
gent blasting. Both the so-called vertical excavation sequence
(side drifts and central pillar sequence) and horizontal sequen-
ce (top heading, bench and invert) are assumed.

The same method will be applied to connecting underground
workings — access and transfer tunnels, chambers for route
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Pri ndsledné realizaci 3. etapy trasy I.D budou zeminové Stity branching, escalator tunnels, ventilation tunnels, lift shafts and
nasazeny v hloubené stavebni jamé, umisténé v Havlickovych assembly shafts and other smaller spaces.
sadech u ulice Perucké. Stroje budou razit jednokolejné tunely The NATM technique will be applied during the Line I.D
smérem ke stanici Namésti Bratii Synka. Po protaZeni touto construction to the execution of mined double-track running
hloubenou stanici budou pokracovat ke stanici Pankric. Zde vje- tunnels, cross passages between single-track tunnels and other
dou do demontdzni komory na konci obratovych tuneli, budou underground structures (technology spaces, transfer passage-
demontovdny a pristupovym tunelem, ktery slouZil pro vystavbu ways, escalator tunnels, lift shafts and ventilation shafts etc.).

stanice Pankrdc, budou vytaZeny na terén.

TECHNICAL NOVELTIES AND NEW SAFETY ELEMENTS

KONVENCNI RAZBA TECHNOLOGII NRTM ON LD LINE

Technologii NRTM budou pochopitelné realizovany viechny The new line, which will be independent of the other lines
Styfi raZené stanice. V ramci 1. etapy jsou to stanice Nové Dvory, | (A, B and C) is designed in compliance with client’s require-
Olbrachtova a Pankrdc. Ve 3. etap€ to bude stanice Namésti ments as a modern driverless automatic metro, operationally
Miru. Stanice budou raZeny dulni mechanizaci s pripadnym pou- economical, which will be equipped with the state-of-the-art
zitim trhacich praci. Predpoklada se vertikdlni i horizontaln{ ¢le- signalling and operating control equipment available. The ope-

ration of the automatic train system allows for the operative
adaptation to transport requirements, including the harmonisa-
tion of intervals with the Line C for the transfer at Pankrac sta-
tion and the possibility of applying corresponding shorter
three- to four-car trains during the initial period.

The separation walls on a platform preventing passengers
from falling from the platform under a train are new safety ele-
ments. Train sets passable for passengers are newly designed.
The closed passenger handling system (wicket gates) prevents
the entry to the compulsory ticket area without paying for the
fare. SOS phones on platforms and in trains with the connecti-
on to the control centre allow passengers to immediately call

néni vyrubu.

Stejné tak budou realizovany navazujici podzemni dila — pristu-
pové a prestupni tunely, komory pro vétveni trasy, eskaldtorové
tunely, vétraci, vytahové a montazni Sachty i dal$i mensi prostory.

Technologie NRTM bude na stavbé trasy I.D pouzita i pfi
vystavbé raZenych dvoukolejnych tratovych tunel, tratovych
propojek mezi jednokolejnymi tunely, a dal§ich podzemnich
objektu (technologické prostory, prestupni chodby, eskalatorové
tunely, vytahové a vétraci Sachty apod.).

TECHNICKE NOVINKY A NOVE PRVKY BEZPECNOSTI

TRASY LD the control centre in the case of an emergency. The camera sur-

Nova trasa, provozné nezavisld na stavajicich trasach A, B, C, veillance on platforms and in trains increases the safety of pas-
je v souladu s pozadavky investora navrZena jako moderni auto- sengers and discourages unwelcome individuals (thieves, van-
matické metro bez strojvedouciho, provozné dsporné, vybavené dals etc.) from their activities.

nejmodernéjsi dostupnou technologii pro zabezpeceni a fizeni

provozu. Provoz automatického metra umoznuje operativni pri- DEVELOPMENT OF CLIENT’S OPINION ON THE CONCEPT
zpusobeni prepravnim poZadavkum v&etné harmonizace interva- OF THE TRANSPORT SYSTEM ON THE NEW METRO LINE 1.D

1u s trasou C pro prestup ve stanici Pankrdc a moZnosti nasazeni In 2010, METROPROJEKT Praha a.s. started to work on the
tomu odpovidajicich kratSich tfi- nebo Ctyfvozovych vlaki construction location permit and the EIA (Environmental Im-
v pocatecnim obdobi. act Assessment) documentation for the Line 1.D in the Depo
Novymi prvky bezpe¢nosti jsou oddélovaci stény na nastupis- Pisnice — Namésti Miru section. The documentation was, after

ti branici pédu cestujl’cich a pfedmétﬁ V4 néstupi§té pOd vlak. client’s approval’ oriented on the new transport system with
Vlaky jsou nové koncipované jako pruchozi. Uzavieny odbavo- automatic driverless operation, the state-of-the art CBTC
vaci systém (turnikety) zabranuje vstupu do placeného prostoru (Communication-Based Train Control) signalling and opera-
metra bez zaplaceni jizdného. Hldsky SOS na nastupisti i ve ting train control system, safety separation walls between
vozech se spojenim na dispecink dovoluji cestujicimu okamZité a platform and a track and tracks with power supply from an
spojeni s dispeinkem v pripadé nouze. Kamerovy dohled na overhead line. The route alignment and locations of stations
ndstupisti i ve vozech zvySuje bezpecnost cestujicich a odrazuje were stabilised in the territory and were reflected in the process
neZddouci individua (zlodé&ji, vandalové atp.) od jejich Cinnosti. of changing the Prague Master Plan. The documentation for the
issuance of the construction location permit was completed and

VYVOJ NAZORU INVESTORA NA KONCEPCI handed over to the client in 2011. _ ,
DOPRAVNIHO SYSTEMU NOVE TRASY METRA I.D During the course of 2012, the Prague Public Transit

Company Inc. and the of the Council of the Prague City Hall
Assembly considered the subsequent continuation of the pro-
ject according to the documentation for the issuance of the con-
struction location permit from 2011. The city government sta-
ted that the project was over its investment possibilities. The
selection of the transport system for the Line D was discussed.

V roce 2010 zahdjil METROPROJEKT Praha a.s. zpracovani
DUR (dokumentace pro tizemni rozhodnut) a studie Vyhodnoceni
vlivi stavby na Zivotni prostiedi (EIA — Environmental Impact
Assessment) pro trasu I.D v iseku Depo Pisnice — Nameésti Miru.
Dokumentace byla po dohodé s investorem orientovdna na novy

dopravni systém s automatickym provozem bez fidi¢e, | The yse of a system compatible with the existing Prague metro
s nejmodernéjSim zabezpeCovacim a fidicim systémem CBTC lines with the use of the existing rolling stock was taken into
(Communication-Based Train Control), s bezpecnostnimi odd€lo- consideration as an alternative. At the end of 2012, the Council
vacimi sténami mezi ndstupiStém a koleji a s hornim napdjenim of the Prague City Hall adopted a resolution (18/12/2012) with
z troleje. Vedeni trasy a poloha stanic byla tizemn¢ stabilizovdna the intention to develop the stage No. 1 of the Line I.D
a promitnuta do procesu zmény tzemniho pldnu Prahy. V roce 2011 (Pankrac — Depo Pisnice) with the transport system compatible
byla dokumentace DUR dokoncena a preddna investorovi. with the existing Prague metro lines.

V prubéhu roku 2012 Dopravni podnik hl. m. Prahy a. s. (DP) In 2013, the negotiations regarding the documentation for the
a Rada hlavniho mésta Prahy zvazovaly dalsi pokraovani projektu issuance of the construction location permit continued. At the
podle dokumentace DUR z roku 2011. Vedeni mésta konstatovalo, same time some elements of the design optimisation, such as
7e projekt je nad jeho investiéni moZnosti. Diskutovalo se o volbé driving running tunnels by EPB TBMs from Depo Pisnice
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Rekapitulace cen vystavby trasy 1.D1 a I.D2 metra v Praze

Recapitulation of costs of construction of 1.D1 and 1.D2 metro lines in Prague

aktualizace 05/2015 vlivem automatického provozu s novymi vozy metra a ceny za vykupy pozemk( a nemovitosti
updating 05/2015 due to the automatic operation with new metro cars and costs of purchase of plots of land and real estates

Celkové naklady (v tisicich EUR)
Total cost (in EUR thousands)

Celkem 1.D1+1.D2 / Total I.D1+1.D2

Dodavka stavebnich objektii a provoznich souborti / Supply of structures and operating units

Stavebni objekty / Structures

811 840/ 811,840

Provozni celky stabilni / Stable operating units

121 667 / 121,667

Provozni celky mobilni (vozy metra) / Mobile operating units (metro cars)

106 660 / 106,660

Vedlejsi naklady zhotovitele / Contractor’s incidental expenses

62 630/ 62,630

Dodavka stavebnich objektt a provoznich souborii CELKEM
Supply of structures and operating units TOTAL

1102 797 /1,102,797

Priprava a celkové zabezpeceni vystavby / Preparation and overall development provision 68 523 / 68,523
Rezerva 10 % na SO a PS / Reserve 10% for structures and operating units 93 351/ 93,351
Majetkopravni vyporadani / Proprietary settlement 65 096 / 65,096

CELKEM INVESTICNI NAKLADY bez DPH / TOTAL INVESTMENT COST (without VAT)

1329 767 / 1,329,767

DPH / VAT

265 581 / 265,581

CELKEM INVESTICNi NAKLADY véetné DPH / TOTAL INVESTMENT COST (incl. VAT)

1595 348 / 1,595,348

Poznamky k cené / Notes on the cost:

1.V celkovych nakladech jsou zahrnuty i ndklady na navazné investice, to je stavby parkovist P+R a autobusovych terminalli / The total cost also comprises the costs of

follow-up investment, i.e. development of P+R parking lots and bus terminals

2.V cené neni zapo¢itana nahradni doprava / The cost of substitute transport not included in the cost
3. Cena je zpracovana v cenové Urovni roku 2015, inflace neni v cené zapoc€itana / The cost is calculated in the 2015price level

Obr. 19 Predpoklddané celkové investicni ndklady na stavbu 1. etapy 1.D + 2. etapy 1.D
Fig. 19 Assumed total investment cost of the development of stage No. 1 of the 1.D + stage No. 2 of the I.D

dopravniho systému pro trasu D. Jako alternativa se zvazovalo uziti
kompatibilntho systému s dosavadnimi trasami prazského metra
s vyuzitim stdvajictho vozového parku. Na sklonku roku 2012 prija-
la Rada hlavniho mesta Prahy usneseni (18. 12. 2012) se zdmérem
vybudovat 1. etapu trasy I.D (Pankrac — Depo Pisnice) s dopravnim
systémem kompatibilnim se stdvajicimi trasami praZského metra.
V roce 2013 pokratovalo projedndvani dokumentace DUR.
Zaroven byly do této dokumentace zapracovany nékteré prvky opti-
malizace ndvrhu, jako je raZba tratovych tuneld zeminovymi Stity
jiZ od stanice Depo Pisnice aZ po stanici Pankrac. Pokracovalo zpra-
covavani DSP (dokumentace pro stavebni povoleni) a zaroven byla
pripravovdna dspornd verze projektu dseku Pankrdc — Depo Pisnice
s dopravnim systémem kompatibilnim s trasou C (vlaky s fidi¢em),
bez nového depa pro trasu D v Pisnici a ve dvou variantich resen{
useku Olbrachtova — Pankric:
e s prestupem na Pankrdci — provozné€ samostatnd trasa D
v souladu s Gzemnim pldnem a perspektivou pokra¢ovani
z Pankrace na sever;

¢ s odbocenim z trasy C na Pankrdci — investi¢né nejispornéj-
§i feSeni dseku Pankrdc — Depo Pisnice, ve kterém je ale
trasa D provozné svdzdna s trasou C a je nutnd zmena tizem-
niho planu (UP) pro obousmérné kolejové propojeni tras C
a D. To znamend opozdéné zahdjeni vystavby cca o 1 rok.
Dalsi nevyhodou této varianty byly vyssi celkové investi¢ni
nédklady po dokonceni celé trasy I.D (dvé dlouhé spojky na
Pankraci mezi trasami C a D).

Dne 8. 10. 2013 Rada hlavniho mésta Prahy schvalila zimér na
vystavbu trasy metra I.D a souhlasila se zafazenim vystavby
trasy metra [.D do opera¢niho programu Doprava 2014+.

V roce 2014 prace na projektové dokumentaci pokracovaly

station up to Pankrdc station, were incorporated into the docu-
mentation. The work on the final design (for the issuance of the
construction permit) continued and, at the same time, an eco-
nomical version of the design was being prepared for the
Pankrdc — Depo Pisnice section, with the transport system com-
patible with the Line C (driverless trains), without a new depot
for the Line D in Pisnice and the following two variants of the
solution to the Olbrachtova station — Pankrdc station section:

e with transfer in Pankrdc — an operationally independent
Line D in compliance with the Master Plan and the pro-
spect of continuation from Pankrac north;

e with branching from the Line C in Pankrdac — the most
successful solution to the Pankrdc —Pisnice depot section
in terms of investment. However, in this solution the Line
D is operationally bound to the Line C and a modification
of the land-use plan is necessary for the bi-directional rail
interconnection between the Lines C and D. It means the
commencement of the construction delayed ca by 1 year.
Another disadvantage of this variant was the total invest-
ment cost after the completion of the entire Line I.D (2
long tunnels linking the Lines C and D in Pankréc).

On 08/10/2013, the Council of the Prague City Hall approved
the intention to develop the metro Line I.D and agreed with the
incorporation of the construction of the metro Line I.D into the
Transport 2014+ operational program.

In 2014, the work on the design documentation continued by
the incorporation of clients’ comments (The Prague Public
Transit Company Inc.). Several following significant com-
ments were accepted in the course of the process of discussing

the comments on the final design:
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zapracovanim pripominek investora (DP). V procesu projednani e Pankrac D station will also be constructed at stage No. 1 of
pripominek k DSP bylo pfijato nékolik podstatnych rozhodnuti: the Line 1.D and it will provide transfer to the Line C;
e v 1. etapé trasy I.D bude vybudovéna i stanice Pankrdc D * the separation walls between the platform and rail returned
a bude prestupni na trasu C; back to the economical design.
e do dsporného navrhu se zpét vritily oddélovaci stény mezi The planning inquiry was successfully finished and the
ndstupiStém a kolejf. zoning and planning decision for the entire I.D section betwe-
V pritbéhu roku 2014 bylo tspésné ukonceno tizemn fizeni en Nameésti Miru Square and the Pisnice depot came into force
a dzemni rozhodnuti na cely usek 1.D Namésti Miru — Depo in July 2014. Negotiations on the funding of the project from
Pisnice nabylo pravni moci v Cervenci 2014. Zdroven probihala the European Union funds continued in parallel for the whole
cely rok jedndni o financovéni stavby z fondd Evropské unie. year. The project for the construction of the Line I.D of Prague
Stavba trasy I.D praZského metra je zapsdana mezi velkymi pro- metro is listed among large projects with co-funding from the
jekty s uvaZzovanym spolufinancovanim z opera¢niho programu operational program Transport 2014+ assumed.

Doprava 2014+.

During the last quarter of 2014, the Prague Public Transit
V poslednim Ctvrtleti roku 2014 byla ze strany Dopravniho pod-

) . . h » e . . S Company Inc. reopened the issue of the possibility to return to
niku opét otevrena otdzka moznosti navratu k puvodné navrzené- the originally proposed transport system — the automatic dri-

mu dopravnimu systému — automatickému metru bez strojvadce. verless metro system.

V &ervenci roku 2015 prijala Rada hlavniho mésta Prahy usne- In July (21/07/2015), the Council of the Prague City Hall
seni (21.7.2015), které potvrzuje zamer pripravovat a realizovat ’
provozni dsek metra I.D ve formé automatického metra bez
strojvedouctho, s novym vozovym parkem. Rovnéz schvilila
zahdjenfi dalSi projektové a inZenyrské pripravy pro disek Pankrac
(mimo) — Namésti Miru a depa Pisnice.

adopted a resolution confirming the intention to prepare and
realise the operational section of the Line I.D in the form of the
automatic driverless metro system, with new rolling-stock. In
addition, it approved the commencement of the next design and
engineering preparation for the Pankrdc station (with its excep-
2AVER tion) — Ndamesti Miru station and the Pisnice depot.

Usneseni Rady hlavniho mésta Prahy z 21. Cervence 2015 CONCLUSION
k projektu metra I.D je tfeba ve vSech bodech ocenit. Je to krok
spravnym smérem ve vSech bodech.

Slougeni puvodné navrhovanych etap I.D1 (Pankrdc — Nové
Dvory) a 1.D2 (Nové Dvory — Depo Pisnice) na souvislou
vystavbu tseku Pankrdc — Depo Pisnice znamend tsporu inves-
ticnich ndkladl zejména pii realizaci jednokolejnych tratovych
tunelt zeminovymi $tity.

Pripravovat a realizovat provozni tsek metra [.D ve formé

It is necessary to appreciate the resolution of the Council of
the Prague City Hall dated 215t July 2015 on the metro 1.D pro-
ject at all its points. It is a step in a correct direction.

Merging the originally proposed stages [.D1 (Pankrac station
— Nové Dvory station) and [.D2 (Nové Dvory station — Depo
Pisnice station) to form continuous development of the Pankrac
station — Depo Pisnice station means saving of investment cost,

automatického metra bez strojvedouciho s novym vozovym par- in particular during the realisation of single-track tunnels using
kem znamend v dlouhodobém horizontu usporu provoznich EPB TBMs.
nékladd a zvySeni bezpecnosti. Preparing and realising the Line I.D operational section in
Urychleni projektové pripravy dal§ich dseku trasy D severnim the form of the automatic driverless system, with new rolling
smérem podporuje strategicky cil: stock, means savings in operating cost and increased safety in
Cim dfive bude trasa D na Namésti Republiky, tim 1épe pro the long term.
trasy C a B. The acceleration of the work on designs for other sections of
the Line D heading north supports the strategic aim:
Ing. JIRI RﬁZIC‘KA, ruzicka@metroprojekt.cz, The sooner the Line D is in Ndmésti Republiky Square, the

Ing. MIROSLAV KOCHANEK, | better for the Lines C and B.
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SPOJENI MEZI LETISTEM A PRISTAVEM GDANSK
- RUTA SLOWACKIEGO IV

CONNECTION BETWEEN GDANSK AIRPORT AND
GDANSK HARBOUR - RUTA SLOWACKIEGO IV

JOSE MIGUEL FERNANDES REMESAL, TOMAS JUST

ABSTRAKT

Spolecnost OHL jako vedouct iicastnik sdruZent realizovala v obdobi 2011-2015 vyznamnou infrastrukturni zakdzku v Polsku.
Cldnek strucné popisuje vystavbu raZenych tunelii pod Fekou Vislou v Gdarisku pomoci velkoprofilového bentonitového §titu.
Kromé popisu stavby a uvedeni nékterych poznatku z provddéni je vénovdn prostor i strucnému popisu raziciho Stitu a také zari-
zeni pro separaci kalii, jelikoZ tyto technologie nejsou v Ceské republice zcela béZné.

ABSTRACT

The company of OHL realised an important infrastructure contract in Poland in the 2011-2015 period in the position of a lea-
ding member of the consortium. The paper briefly describes the construction of mined tunnels under the Visla River in Gdansk
using a large-profile bentonite slurry pressure balance TBM. In addition to the description of the project and presentation of some
pieces of knowledge from the working process, space is even dedicated to a brief description of the tunnel boring machine and
the equipment for the separation of solids, because these technologies are not so much common in the Czech Republic.

ovob

Koncem osmdesatych a zacdtkem devadesatych let vyslovili radni
mesta Gdansk potfebu propojit pristav a kontejnerovy termindl situo-
vany na pravém brehu feky Visly s méstskym okruhem za ucelem
vylouCeni ndkladni dopravy z centra mésta. Hlavnim predmétem
dohadu byl zpusob propojeni obou brehu feky Visly.

Prvni varianta, kterd byla i nejlevnéjsi, navrhovala preklenuti feky
mostem. Ta vSak nebyla piijata kvili potfebdm lodénice gdanského pii-
stavu, ve kterém se opravuje velké mnozstvi ropnych ploSin s pozadav-
kem na prajezd vysky kolem 100 metrd. Druhd varianta spocivala
v premosténi feky pomoci kesonové metody (ponorené konstrukee), ale
i tato varianta nebyla pfijata, tentokrat z davodu potfebné hloubky pro
pruplav plosin. Pfi feSeni problému s hloubkou se pfistoupilo ke studii
dalsi varianty kesonového zaklddani, ale tentokrat se navrhovalo
vyhloubeni dna feky za pomoci larsenovych stén. Toto feSeni nebylo
schvaleno z divodu moZnych problému spojenych s ochranou Zivotni-
ho prostiedi a rovnéZ s ohledem na riziko kontaktu se zbytky munice
z 2. svétové valky. Nebylo schvdleno ani samotnym pristavem, ktery se
bal naruseni svého provozu vzhledem na potrebny docasny zabor feky
behem vystavby.

Nakonec byla zvolena varianta, kterd navrhovala spojeni obou
biehu tunelem pod fekou. Nicméné i tato varianta narazila na problém

o B L archiv OHL ZS, a. s JOHL ZS, a. 5. archive
Obr. 1 Razici stit osazeny ve startovaci jamé

Fig. 1 Tunnelling shield installed in the launching pit

INTRODUCTION

At the end of the 1980s and the beginning of the 1990s, Gdansk
councillors expressed the need for interconnecting the harbour and the
container terminal located on the right bank of the Visla River with the
city ring road so that freight was excluded from the city centre. The
main subject of discussions was the way of interconnecting both
banks of the Visla River.

The first variant, the cheapest one, proposed bridging of the river.
However, this variant was rejected with respect to the needs of the
shipbuilding yard in the Gdansk harbour, in which great numbers of
oil platforms requiring the clearance height of about 100 metres are
repaired. The other variant lied in bridging the river using the caisson
method for immersed structures. This method was also refused, this
time for the reason of the depth necessary for the passage of the plat-
forms. When the problem with the depth was being solved, a study on
another variant of caisson foundation was proceeded to. This time the
bottom excavation using Larsen cofferdams was proposed. This solu-
tion was not approved because of potential problems associated with
environmental protection and even the risk of a contact with remnants
of ammunition from World War 2. In addition, it was not approved by
the harbour itself, which feared that the harbour operation could be
disturbed taking into consideration the temporary acquisition of the
river during the construction.

Eventually, the variant proposing the interconnection of both banks
by a tunnel under the river was selected. Nevertheless, even this vari-
ant encountered a problem with the passage under a refinery strategic
for the military.

In September 2011, a consortium consisting of OHL a.s. (55%) and
PBG Group (15%) was awarded the contract for the construction of
the “Stowackiego Street IV section (see Fig. 2). It is a 2.4km long
stretch of motorway designed for the maximum speed of 120km/h,
forming a part of the Gdansk Ring Road. Of this length, a 1.1km long
section was to be driven by a TBM. This section forms a part of the
corridor linking the motorway heading to Warsaw with the Gdansk
Walessa airport and the harbour. It is strategic infrastructure because
of the fact that the Gdansk harbour is harbour allowing the highest
draught of ships in the Baltic Sea and is one of the main shipping
nodes of Eastern Europe. Polish Investment Company for infrastruc-
ture (GIK) and the Gdansk town hall are the project owner. The bud-



24. rocnik - €. /2015

Cesta Slowackiego ¢ast VI
Cesta Slowackiego part VI

§

]

Obr. 2 Situacni pldn stavby
Fig. 2 Construction layout
s povolenim podchodu pod vojensky strategickou rafinerif a trvalo rok
a pul, nez byla ziskdna v§echna potiebné povoleni a licence.

V zafi 2011 sdruZeni firem v Cele s OHL (55 %) spolu se skupinou
PBG (45 %) ziskalo zakédzku na vystavbu tseku ,,ul. Stowackiego IV*
(obr. 2). Jedna se o 2.4 km dlouhy tdsek ddlnice navrzené pro maxi-
mélni rychlost 120 km/h, kterd tvori sou¢dst obchvatu mésta Gdansk.
Z toho tsek dlouhy 1,1 km mél byt raZzen mechanizovanym razicim
Stitem. Tento tsek tvori soucdst koridoru, ktery spojuje délnici na
VarSavu s gdanskym leti§tém Walessa a pristavem. Jednd se
o strategickou infrastrukturu, protoZe gdarisky pristav je pristav umoz-
nujici nejvétsi ponor lodi v Baltském mofi a je hlavnim lodnim
dopravnim uzlem vychodni Evropy.

Zadavatelem zakdzky byla polskd Investi¢ni spolecnost pro infra-
strukturu (GIK) a gdanska radnice. Rozpocet dosahoval 2214 milio-
nu eur, smluvni doba vystavby byla 36 mésica.

POPIS PROJEKTU

NavrZeny tunel sestdvajici ze dvou tunelovych trub je prvnim sil-
ni¢nim tunelem provddénym raZenym S$titem v Polsku a nejvétsim
tunelem v zemi. Svétly vnitini primér kazdé tunelové trouby 11 metrt
umoZiuje v pri¢ném fezu umistit vozovku se dvéma jizdnimi pruhy
o §ifce 3,5 m, krajnice $itky 50 a 70 cm a dva chodniky o $ifce 1 m na
kazdé strané vozovky (obr. 3).

Trasa tunelu prochdzi pod plavebnim kandlem feky Visly, mocnost
nadloZi se zde pohybuje mezi 21,5 metru uprostred trasy a 9 metry
v oblasti portdld. Horninové prostiedi je zvodnélé az do 60 metri pod

razené tunely — mined tunnels é

L rozsah realizované stavby (Cast VI) — realised part (part VI) scope

archiv OHL iS, a.s.JOHL iS, a. s. archive

get reached EUR 221.4 million; the contractual completion deadline
was 36 months.

PROJECT DESCRIPTION

The proposed tunnel consisting of two tunnel tubes is the first road
tunnel carried out using a TBM in Poland. It is the largest tunnel in the
country. The net inner diameter of each of the tunnel tubes is 11 met-
res. It allows for placing a roadway with two traffic lanes 3.5m wide,
50 and 70cm shoulders and walkways on each side of the roadway.

The tunnel route passes under a shipping canal of the Visla River
(see Fig. 3). The overburden height varies between 21.5m in the route
middle and 9 metres in the areas of portals. The ground environment
is water-bearing up to the depth of 60 metres under the terrain surfa-
ce. This condition made the construction technically complicated, in
particular because of the fact that, in some places, the tunnel overbur-
den is lower than the inner diameter of the tunnel. It was even a reason
why one of the tenderers lodged a complaint during the course of the
competition and cast doubts on the viability of this solution with res-
pect to the risk of possible buoyancy. It was necessary to solve even
other problems, such as tunnelling under wharfs on both sides of the
river, where the overburden between the foundation of the wharf pile
and the highest point of the tunnel crown was a mere 1.5m. In additi-
on, a strategic refinery, strategic for military, and several places in the
harbour where railway tracks were to be crossed under, were to be
passed under. The decision was made that a slurry-type tunnel boring

tunel €. 2 - tunnel No. 2

tunel €. 1 - tunnel No. 1

11 000 mm

13 000 mm

11000 mm

Obr. 3 Pri¢ny Fez tunely v misté bezpecnostni propojky

Fig. 3 Cross-section through tunnels in the location of a safety cross passage

archiv OHL ZS, a. sJOHL ZS, a. s. archive
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povrchem terénu. Tato okolnost Cinila stavbu technicky sloZitou,
obzvldsté vzhledem k tomu, Ze nadloZi nad tunelem je v nékterych
mistech men3{ neZ vnitini prumér tunelu. To byl i divod, kvali které-
mu jeden z uchazeCu v dobé soutéZe na dodavatele podal stiZnost
a zpochybnil proveditelnost tohoto feseni vzhledem k riziku mozného
vztlaku. Bylo nutné vyresit i dalsi problémy, jako bylo raZeni tunelu
pod pristavni hrézi na obou brezich reky, kdy nadloZi mezi zaloZenim
pilot hrdze a nejvy$$im mistem koruny tunelu bylo pouze 1,5 m. Dile
se méla podchdzet vojensky strategickd rafinerie a nékolik mist
s kfizenim Zelezni¢nich trati v pfistavu. Pro raZbu obou tunelt bylo
rozhodnuto pouZit razici §tit bentonitového typu s raZenym prumérem
12,60 m, coz je dosud nejvetsi pouzity stit v Polsku (obr. 1). Pro bez-
pecnost provozu v tunelovych troubdch bylo v jejich trase navrzeno
sedm pricnych propojek, které je spojuji pro pripad evakuace po vzda-
lenostech cca 150 m. Kazda tato propojka ma stavebni $itku 3,6 m,
vySku 4 m a délku 13 m. Napojeni tuneld na prilehlé tseky délnice
bylo feseno hloubenymi tunely realizovanymi metodou cut and cover.
UloZen{ a stabilita hloubenych tunell byly zajistény pomoci mikropi-
lot, tryskové injektdZe a naddimenzovdnim tlouStky stropni
a zdkladové desky.

Osténi tunelu

Definitivni osténi tunelu mé vnéjsi pramér 12 200 mm, vnitini pru-
mer 11 000 mm a z toho vyplyvajici tloustku 600 mm. Skladebna
délka je 2000 mm. Kazdy Zelezobetonovy prstenec je sloZeny ze &tyr
standardnich segmentt, dvou specidlnich segmentt sousedicich se
zamkovym segmentem a jednoho zamkového (vrcholového) segmen-
tu. Osteni tunelu bylo rozdéleno podle geotechnickych vlastnosti hor-
ninového prostredi a z toho vypocitanych vyslednych zatiZzeni do tif
raznych typu prstenci s rozdilnym stupném vyztuZeni segmenta
(75 az 220 kg/m?). Vyroba segmentt byla realizovdna vlastnim per-
sondlem i vlastni navrZenou vyrobni technologii. Zajimavosti je, Ze
formy pro tyto segmenty byly nejvétsimi formami, které do té doby
firma Herrenknecht Formwork vyrobila.

Zarizeni na vyrobu segmentt mélo Ctyii vyrobni linky. Kazd4 linka
byla vybavena sadou forem pro vyrobu sedmi segmentu, které tvori
prstenec. Byla navrZena rozdilnd receptura betonu pro letni a zimni
obdobi. Pii vyrobé se dosahlo maximalniho vykonu osm prstencu
za den, primérny denni vykon byl Sest prstenct za den. Po dosaZeni

TuHel

machine with the excavated cross-section diameter of 12.60m was
to be used. It was to be the largest shield used till now in Poland (see
Fig. 1). Taking into consideration operational safety in the tunnel
tubes, seven cross-passages were designed, interconnecting the tubes
in the case of evacuation at intervals of ca 150m. Each of the cross
passages is 3.6m wide, 4m high and 13m long. The connection of the
tunnels to the adjacent motorway sections was solved by means of
cut-and-cover tunnels. The bedding and stability of the cut-and-cover
tunnels were secured by micropiles, jet grouting and by over-dimen-
sioning the base roof deck and base slab.

Tunnel lining

The final tunnel lining has got the outer diameter of 12,200mm, the
inner diameter of 11,000mm, which means that it is 600mm thick. The
laying length is 2000mm. Each reinforced concrete ring consists of
four standard segments, two special segments bordering with the
keystone and one crown key segment. The tunnel lining was divided
according to geotechnical properties of the ground environment and
the resultant loads calculated from them into three different ring types
with different segment reinforcement (75 to 220kg/m?). The producti-
on of segments was realised by company’s own personnel and com-
pany’s own production technology. An interesting thing is that moulds
for these segments were the largest moulds that had been manufactu-
red by Herrenknecht Formwork till that time.

The casting yard had got four production lines. Each line was equ-
ipped with a set of moulds for the production of the seven segments
forming one ring. Different concrete formulas were designed for sum-
mer and winter seasons. The maximum production rate achieved was
eight rings per day, whilst the average rate was six rings per day. After
reaching 95% of the total loading capacity, i.e. approximately after 21
days after casting, the segments could be incorporated into the tunnel
lining.

With respect to the fact that the tunnel was to be under water table, the
requirements for the final surface of the segments were extraordinarily
stringent. It was necessary to repair all fissures greater tan 0.20mm and
0.15mm on the inner and outer surfaces, respectively. Detailed tests for
measuring the fissures using a micrometer were conducted.

The weight of the heaviest segments amounted up to 17t. Four spe-
cial trailers were used for transporting the rings. They worked
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Obr. 4 Podélny Fez tunelem s geologickym profilem
Fig. 4 Longitudinal section through the tunnel with a geological profile



95% celkové pevnosti, tj. po cca 21 dnech od vyroby, mohly byt seg-
menty zabudovéany do osténi tunelu.

Vzhledem k tomu, Ze se jednalo o tunel pod hladinou podzemni
vody, byly poZadavky na kone¢ny povrch segmentt mimordadné piis-
né. Jesté pred jejich zabudovanim do tunelu bylo nutné zapravit
vSechny trhliny v betonu vetsi nez 0,20 mm na vnitfnim plasti
a 0,15 mm na vnéj§im plasti. Pro méreni trhlin se provadely podrob-
né testy mikrometrem.

Hmotnost nejtéZsich segmentt dosahovala aZ 17 t. Pro prepravu prsten-
cu se vyuzivaly Ctyfi specidlni trajlery, které byly nasazeny 24 hodin
denné, 7 dni v tydnu, aby nebyl ohroZen vykon titu pfi razbé tunelu.
Geotechnické podminky

V ramci bezpe¢nostnich a preventivnich opatfeni bylo na zacdtku
praci ve spoluprdci s mistnimi poradci a experty (napriklad prof.
Boreslawem Mazurckiewiczem, prof. Bohdanem Buccou a prof.
Marcinem Cudnym z Polytechnické Univerzity Gdarisk) provedeno
nékolik ruznych geotechnickych prazkumu za ticelem zjisténi detail-
nich geotechnickych poznatku v trase tunelu.

Tyto pruzkumy potvrdily pfitomnost velmi nestabilniho horninové-
ho prostfedi s prevahou Stérkopiski nasycenych vodou (obr. 4).
Vyhodnocenim ziskanych poznatki bylo rozhodnuto o pouZiti bento-
nitového raziciho $titu, ktery je do takovych podminek nejvhodnéjsi.
Razici bentonitovy Stit

Tento typ stroje v porovnani s EPB (zeminovym $titem) umoZnuje
mnohem Iépe sledovat tlak v odtéZovaci komore, priemz jakdkoliv
zména vnéjstho tlaku na Celo $titu maZe byt bezprostiedné kompen-
zovdna tlakem bentonitové suspenze. SdruZeni zadalo zakdzku na
dodén{ razictho $titu a zaifzen{ na separaci kall z bentonitové suspen-
ze némeckému vyrobci Herrenknecht. Preddni stroje probéhlo
v tovarné ve Schwanau dvanéct mésicu od podpisu smlouvy (obr. 5).
Dile jsou pro svoji jedinecnost stru¢né popsdny zdkladni funkce
a souddsti razictho $titu (obr. 6), stejné jako zafizeni na separaci kalu.

Razba je provadena feznou hlavou (1), pred kterou je vhanéna ben-
tonitové suspenze. Veskerd odt€Zovand zemina je tak s ni smichand.
Vznikld smés prochdz{ pres otvor v fezné hlavé do odtéZovaci komo-
ry (2), za niz se nachdzi tlakova pracovni komora (5). Bentonitova
suspenze je dopravovéna z povrchu privodni linkou (4) a je pod tla-
kem vhéanéna do obou komor, tj. do odtéZovaci komory i do tlakové
komory. Podpurny tlak na Cele §titu se kontroluje tlakem ,,vzducho-
vého polstare” v horni Césti tlakové komory, pomoci kterého lze
vyrovndvat i malé kolisén{ tlaku a objemu suspenze. Z toho divodu je
odtézovaci komora oddélend od tlakové komory pomoci prepazky
(6), kterd propojuje ob€ komory pouze v dolni zaplavené Casti.
Tlakova komora je od z6ny s atmosférickym tlakem $titu oddélena
pomoci dalsi prepazky (3). VytéZend hornina s bentonitovou suspenzi
je Cerpdna pres zpétné potrubni vedeni tunelem aZ do zafizeni na sepa-
raci kali umisténého na povrchu. Maximalni velikost valount je ome-

v

zena na 160 mm mfizkou umisténou v usti saciho otvoru. Aby se
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Obr. 5 Sestaveny bentonitovy §tit S-745 pri preddni v tovdarné Herrenknecht
Fig. 5 Assembled slurry pressure balance TBM S-745 being handed over in
Herrenknecht factory
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24 hours a day and 7 days in a week so that the performance of the
TBM during the tunnel excavation was not endangered.

Geotechnical conditions

Several various geotechnical investigations were carried out in
collaboration with local advisors and experts (for example Prof. Bo-
reslaw Mazurckiewicz, Prof. Bohdan Bucca and Prof. Marcin
Cudny from the Polytechnical University in Gdansk) at the begin-
ning of the work within the framework of safety and preventative
measures. They were focused on gathering detailed geotechnical
knowledge along the tunnel route.

These investigations confirmed the presence of a highly instable
ground environment with saturated gravel-sand prevailing in it (see
Fig. 4). The decision on the use of the slurry pressure balance TBM
was made after assessing the gathered knowledge, because such
a TBM type is the most suitable for such conditions.

Slurry pressure balance tunnel boring machine (SPB TBM)

In comparison with an EPB TBM, this machine type allows for
much better observing the pressure in the extraction chamber. Any
change in the external pressure on the cutterhead can be immediately
compensated for by the pressure of bentonite slurry. The consortium
placed the order for the supply of the TBM and the equipment for the
separation of solids from bentonite slurry with German manufacturer
Herrenknecht. The completed machine was handed over in the
Schwanau factory twelve months after signing the contract (see Fig.
5). The basic functions and basic components of the tunnelling machi-
ne (see Fig. 6), as well as the equipment for the separation of solids
from the slurry are described for their uniqueness below.

The excavation is carried out by a cutterhead (1), with bentonite
slurry injected ahead of it. All excavated soil is therefore mixed with
it. The originated mixture passes through openings in the cutterhead
to the extraction chamber (2), behind which there is a hyperbaric wor-
king chamber (5). Bentonite suspension is transported from ground
surface through a supply line (4) and is injected under pressure to both
chambers, i.e. the extraction chamber and the hyperbaric chamber.
The support pressure at the front end of the shield is controlled by the
pressure of the “air cushion” in the upper part of the hyperbaric cham-
ber, by means of which it is possible to equalise even small fluctuati-
ons of the pressure and volume of the suspension. For that reason the
extraction chamber is separated from the hyperbaric chamber by
means of a bulkhead (6) interconnecting both chambers only in the
lower immersed part. The hyperbaric chamber is separated from the
zone with atmospheric pressure of the shield by means of another
bulkhead (3). The excavated ground with bentonite slurry is pumped
via a return pipeline through the tunnel up to the solids separation
plant on the surface. The maximum size of boulders is limited to
160mm by means of a grille installed at the mouth of the suction ope-
ning. A crusher with jaws capable of crushing rock pieces up to the
diameter of 1200mm is installed in the lower part of the TBM just
before the grille to reduce hard pieces of rock which got inside
through openings in the cutterhead. Each of the seven lining segments
(7) from which the ring is assembled is placed to its position by means
of a vacuum-assisted erector (8) with the capacity of 17 tonnes.
A triple wire brush tailseal is installed between the inner skin of the
shield and the tunnel lining. It secures the internal space of the shield
against the external pressure up to 4 bars.

The trailing gear of the TBM consists of individual technology
centres necessary for the operation of the entire system. They are pla-
ced on three platforms pulled by the shield. The first platform carries
first of all the control cabin, tanks with pure bentonite suspension and
grouting pumps associated with them, the suction pump for sucking
bentonite suspension from the working chamber, the erector and other
equipment for handling the segments. The second platform carries
first of all medium voltage transformers, low voltage switch cupbo-
ards, hydraulic oil tanks and pressure hydraulic pumps for various
control systems of the shield (thrust cylinders, cutterhead rotation, the
erector etc.). The first aid container, canteen, office room, auxiliary
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zredukovaly pevné kusy horniny, které se dostaly dovnitf otvory fezné
hlavy, je ve spodni Casti Stitu tésné pred mrizkou vestavén drti¢
s Celistmi, které jsou schopné rozdrtit kusy horniny az do velikosti
pruméru 1200 mm. Kazdy ze sedmi segmentu osténi (7), ze kterych
se sestavuje prstenec, je ulozen na svoji pozici pomoci vakuového
erektoru (8), ktery md nosnost 17 tun. Mezi vnitfnim plastém Stitu
a osténim tunelu je umisténo trojité kartdCové tesnéni, které zajistuje
vnitfni prostor $titu pred vnéj$im tlakem o hodnote az 4 bary.

Zaves raziciho stroje tvori jednotlivé technologicka centra, potreb-
nd pro chod celého systému. Jsou umisténd na trech Stitem taZenych
plosindch. Na prvni plosiné se nachdzi zejména fidici kabina, zdsob-
niky s Cistou bentonitovou suspenzi a souvisejici injektazni Cerpadla,
saci ¢erpadlo k sani bentonitové suspenze z pracovni komory, erektor
a dal§f zafizeni pro manipulaci se segmenty. Na druhé plosiné jsou
umistény predevsim transformatory pro stredni napéti, rozvodné skri-
né nizkého napéti, zasobniky hydraulického oleje a tlakova hydrau-
lické ¢erpadla pro ruzné ovladaci systémy 3titu (tlatné vilce, otdCen{
fezné hlavy, erektor, atd.). Na treti plosiné jsou umistény kontejner
prvni pomoci, jidelna, kanceldr, pomocna ventilace, sklad potrubi pro
prodluzovani ventilace, potrubniho vedeni pro chladici vodu (pfivod-
nf studenou a od¢erpdvanou horkou), potrubi pro odpadni technolo-
gickou vodu, kompresor pro vyrobu stla¢eného vzduchu, potrubi pro
prodlouZeni privodu bentonitové suspenze a odéerpdvéni kala.

ZARIZENI NA SEPARACI KALU

Zafizeni na separaci kalti oddéluje horninovy materidl odtéZzeny Sti-
tem od bentonitové suspenze, kterd se pouZivd pro jeho transport. Na
konci procesu zustane odseparovand rubaninovd drt’a vy<¢isténd ben-
tonitova suspenze. Rubanina je v plastickém stavu je$t€ umoznujicim
naloZeni a bezprostfedni prepravu ndkladnimi auty s vanovou korbou.
PreCisténd suspenze se znovu ¢erpd na ¢elbu tunelu, kde se opét vyu-
Ziva v procesu odtéZeni. Zarizeni bylo dimenzovéno na postup stroje
40 mm/min, coZ byla maximalni stanovena rychlost postupu raziciho
Stitu. Celé zafizeni je sloZené ze standardnich kontejnert o délce 9 m
a Sffce 24 m, coZ znatné zjednodusuje jeho prepravu a montaz.

Tab. 1 Zdkladni technickd data pouZitého raziciho bentonitového Stitu
Table 1 Basic technical data on the slurry TBM used

Razeny prlimér 12 600 mm
Excavation diameter 12,600mm
Pramér Stitu 12 560 mm
Shield diameter 12,560mm
Celkova délka 91 m
Total leinght 91m
Celkova vaha 2200t
Total weight 2,200t
Typ pohonu (fezné hlavy) vyriabilni frekvence vykonu

Main drive type (cutter head)

variable electrical frequency

Maximalni kroutici moment
Maximum operation torque

16 840 kN / 1,87 ot./min
16,840kN / 1.87 rev/min

Maximalni rychlost 4 ot. min
Maximum speed 4 rev/min
Vykon motoru 3500 kW
Motor drive power 3,500kW
Celkovy instalovany vykon 5505 kW
Total installed power 5,505kW
Maximalni provozni tlak 4 bar
Maximum operating pressure 4bar
Maximalni tah 96 580 kN / 350 bar
Maximum thrust 96,580kN / 350bar
Maximalni rychlost postupu 60 mm/min.
Maximum advance speed 60mm/min.
Napajeci napéti 15 kV
Power supply voltage 15kV

archiv OHL 78, a. sJOHL 7S, a. s. archive
Obr. 6 Schéma pracovnich ¢dsti Stitu (popis v textu vyse)
Fig. 6 A chart of the working parts of the shield (for description see the text
above)

ventilation, storage of ducts for extending the ventilation line, tubes
for cooling water (supply of cold water and extraction of hot water),
tubes for polluted process water, a compressor for the production of
compressed air, tubes for extending the supply of bentonite slurry and
pumping the slurry containing solids out.

SOLIDS SEPARATION PLANT

The solids separation plant separates ground material excavated by
the shield from the bentonite slurry that is used for its transport.
Separated ground chippings and cleaned bentonite slurry remain at the
end of the process. The muck is in a plastic condition still allowing for
its loading and immediate transport by dump trucks. The cleaned sus-
pension is again pumped to the tunnel excavation face, where it is
again used in the excavation process. The plant capacity was designed
for the machine advance rate of 40mm per minute, which was the
maximum allowable rate of the TBM advance. The entire plant con-
sists of standard containers 9m long and 2.4m wide, which fact signi-
ficantly simplifies its transport and assembly. The process of separati-
on can be divided into primary screening, separation of big compo-
nents, separation of fine components and centrifuging.

The primary screening is the first stage of the separation process.
The primary (coarse) sieve design withstands the volume flow rate
existing at the highest advance rate of the Tunnel Boring Machine.
It separates particles with sizes exceeding Smm. The material cap-
tured on the sieve is loaded on a belt conveyor. The particles smal-
ler than Smm which pass through the sieve are sufficiently small to
be able to pass to the next separation step without causing plugging
of the system.

The second separation phase is the filtration of small particles. The
material which passes through the sieve is pumped to a hydrocyclone-
based separator. Coarser material passes up to the 0.5mm sieve and is
discharged from the lower part of the cyclone. Water with fine partic-
les is pumped from the upper part of the hydrocyclone to the next
stage of the separation of the finest particles.

The separation of fine particles is carried out by means of hydro-
cyclones with finer separation capacity (see Fig. 7). As at the previous
stage, the content of water in the separated material is reduced. The
material is then poured out as in the first phase. The remaining clea-
ned suspension is poured to a storage reservoir and is subsequently
pumped to the tunnelling machine.

Depending on the properties of rock or soil, very fine particles of
clay or other materials may accumulate in the suspension. They gra-
dually increase the density and influence the quality of the bentonite
suspension. When the bentonite suspension density reaches the criti-
cal value of 1.2kg/L, it is necessary to replace a proportion of the used



archiv OHL 7S, a. s.JOHL ZS, a. s. archive
Obr. 7 Hydrocyklony v zafizeni pro separaci kalu
Fig. 7 Hydrocyclones in the solids separation plant

Proces separace je mozno rozdélit na primarni tiidéni, oddéleni vel-
kych &éstic, oddéleni jemnych Eastic a odstredéni.

Primérni tfidéni je prvni etapou procesu separace. Primdrni (hrubé)
sfto je navrzené tak, aby sneslo objemovy prutok pfi nejvys§i rychlosti
postupu razictho $titu. Oddéluje CdsteCky o velikosti presahujici
5 mm. Sitem zachyceny materidl se naklddd na pasovy dopravnik.
Céstecky mensi nez 5 mm, které projdou sitem, jsou dostate¢né malé
na to, aby mohly projit do dal§iho kroku separace, aniZ by zpusobily
ucpani systému.

Filtrovdni malych céstic je druhou fazi separace. Materidl, ktery
projde sitem, se Cerpd do separdtoru na bazi hydrocyklonu. Hrubsi
materidl prochdzi az k situ 0,5 mm a vychdzi ven spodni ¢4sti cykld-
nu. Z horni ¢asti hydrocyklonu se Cerpd voda s jemnymi ¢dsteCkami
do dalsi etapy separace nejjemnéjSich Castic.

Oddélovani jemnych &astic se provadi pomoci hydrocyklonu
s jemnéj§i separaci (obr. 7). Jako v predchozi etapé se sniZuje obsah
vody v separovaném materidlu, ktery je pak vysypan ven jako v prvni
fazi. Zbyld precistend suspenze se vylévd do zdsobniku a je pak Cer-
péana do raziciho stroje.

V zdvislosti na vlastnostech horniny ¢i zeminy se mohou v kalu
nahromadit velmi jemné Eéstice jilu nebo jinych materidly, které
pozvolna zvySuji hustotu a ovliviuji kvalitu bentonitové suspenze.
Pokud hustota bentonitové suspenze dosdhne kritické hodnoty 1,2 kg/l,
je nutné nahradit ¢ast pouZzité suspenze novou a udrZovat hustotu sus-
penze na niz8i drovni. PouZitd suspenze se premisti do zdsobniku
s kapacitou 800 m?, ktery zdsobuje odstiedovaci zafizeni. Z4kladnim
principem odstfedovant je sedimentace pevnych &stic ve spodni Easti
oto&ného bubnu. Vysokd rychlost otd¢eni zpusobuje velké zrychleni
pevnych Cdstic. Sedimenty jsou zachycovény spirdlovitym Snekem
a dopravnim pasem dopraveny na skladku. Tekutina protékda bubnem
pres desky prepadového kandlu, které jsou nastavitelné, aby se dosdh-
lo optimdlni separace tekutin od pevnych Castic. Navic se pouZivaji
flokula¢ni ¢inidla za déelem odstranéni ¢astic mensich nez Sym.

Vysusené pevné Cdstice byly testovany a ndsledné pouZity pfi stav-
bé nésypu silnic na jiném projektu. Piesété Castice, kaminky a §térk
byly vyuzity v rdmci stavby na Gdrzbu cest a zpevnénych ploch, coz
je prinosné i z hlediska ochrany Zivotniho prostredi.

Doprava kal a bentonitové suspenze v tunelu

Cirkulaci kalQ a precisténé suspenze zajiStovala celkem tii odstiedi-
vé Cerpadla s vikonem 723 kW, coz umoznilo preerpat 2400 m3/hod.
Jejich rozmisténi bylo provedeno podle ndvrhu vyrobce. Jedno Cer-
padlo bylo na plosiné 1 (¢erpadlo kalu z pracovni komory raziciho Stitu
k portélu tunelu), druhé éerpadlo v zarizeni na separaci kala (¢erpadlo
misté trasy tunelu (Cerpadlo nezbytné pro prekonéni rozdilnych vysko-
vych drovni mezi tunelem a zafizenim na separaci kalt).

RAZBA TUNELU POMOCI BENTONITOVEHO STITU (SPB)
Faze planovani

Ve fazi planovani se stanovil primérny vykon razby na 10 m/den, a to
na zédkladé geotechnickych vlastnosti horninového prostiedi, hydrolo-
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suspension by a new one and maintain the suspension density at
a lower level. The used suspension is moved to an 800m? reservoir
supplying the centrifugal facility. The basic principle of centrifuging
is the sedimentation of solid particles in the bottom part of the spin-
ning drum. The high spinning rate causes great acceleration of solid
particles. Sediments are caught by a worm and are transported by
a belt conveyor to a stockpile. The liquid flows through the drum
over the slabs of the by wash channel, which can be adjusted to achi-
eve the optimum separation of liquids from solid particles. In additi-
on, flocculants are used to remove particles smaller than 5pm.

The dried solid particles were tested and subsequently used in the
construction of road embankments on another project. The sieved
particles, small stones and gravel were used within the framework of
the construction for the maintenance of roads and hard surfaced
areas, which fact is contributing even from the aspect of environ-
mental protection.

Transport of sludge and bentonite suspension in the tunnel

The circulation of sludge and cleaned suspension was carried out
by the centrifugal pumps with the power of 723kW, which allowed
for the pumping rate of 2400m?*h. Their locations were determined
in compliance with manufacturers design. One pump was installed
on the platform (the pump pumping sludge from the working
chamber of the tunnelling shield to the tunnel portal), the second
pump was in the facility for the separation of sludge (pumping from
the tunnel portal towards the tunnelling shield) and the third pump
at the lowest point of the tunnel alignment (the pump required for
overcoming differences between the elevations of the tunnel and
the separation plant).

TUNNELLING USING A SLURRY PRESSURE BALANCE TBM (SPB)

Planning phase

The average advance rate of 10m per day was determined in the
planning phase on the basis of geotechnical properties of the
ground environment, hydrological conditions, dimensions of the
machine used and on the basis of manufacturer’s previous experi-
ence with these machine types. The design was in addition carried
out for controlling pressures depending on the parameters of the
environment at the excavation face so that the tunnelling was safe,
the excavation face was stable and surface settlement values were
smaller than 70% of the calculated theoretical value set in the
design documentation. This design in addition determined the valu-
es of working pressure at the front end of the shield. For the portal
areas, the pressure was set at 0.9bar. It gradually grew up to 2.60bar
for driving under the riverbed.

The theoretical amount of the consumption of 35kg/m? of exca-
vation as well as the consumption of grout for back grouting of
8m?*/Im were determined in a similar way.

As far as the electric power is concerned, the installed output of
the tunnelling machine and the sludge separation equipment was
14MW. The total estimated consumption of electric power after the
completion of the excavation of both tunnel tubes was
24 ,000MWh.

Construction phases

Driving the first tunnel commenced in 06/2013 and the breakt-
hrough to the target shaft took place on 30/11/2013. The machine
was partially dismantled, turned back and reassembled for driving
the second tunnel tube in the reverse direction. This operation com-
menced in 03/2014 and the breakthrough took place on 09/09/2014.
The following knowledge was gathered during the course of the
excavation:

When the planned pressures at the heading were adhered to, the
excavation of both tunnel tubes was really safe. The surface settle-
ment values were in reality much lower than expected. The total of
60% of measurement points exhibited settlement values smaller by
50% in contrast to the design assumptions. Real settlement values
lower by 70% than expected were at 80% of the points. The main
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gickych poméru, rozméri pouZitého stroje a na zdkladé predchozich
zkuSenosti vyrobce s témito typy stroju. V zdvislosti na parametrech
prostiedi byl také vyhotoven projekt na fizeni tlaka na Cele razby tak,
aby byla razba bezpecnd se stabilni celbou, s poklesy na povrchu men-
$imi neZ 70 % vypoclitané teoretické hodnoty stanovené v projektové
dokumentaci. V tomto projektu byly také stanoveny hodnoty pracovni-
ho tlaku na &ele $titu. V oblastech portala byl stanoven tlak 0,9 baru,
ktery se postupné zvySoval az na 2,60 baru pri razbach pod dnem feky.

Stejné tak bylo stanoveno teoretické mnoZstvi spotieby bentonitu
35 kg/m? vyrubu, stejné€ jako spotfeba malty na vypliovou injektdz
8 m3/bm razby.

Co se tykd elektrické energie, instalovany vykon tunelovaciho stro-
je a zafizeni na separaci kalu byl 14 MW. Celkova odhadovand spo-
treba elektrické energie na vyrazeni obou tunelt byla 24 000 MWh.

Faze vystavby

Razba 1. tunelu byla zahdjena v 6/2013 a prordzka do cilové Sach-
ty se uskute¢nila 30. 11.2013. Stroj byl ¢astecné demontovan, otoen
a znovu sestaven pro razbu 2. tunelu opalnym smérem. Ta byla zaha-
jena v 3/2014 a 9. 6. 2014 se uskute¢nila prordzka. Pfi razbdch byly
ziskany nasledujici poznatky:

Pii aplikaci planovanych tlaki na Celbé byla razba obou tunela
opravdu bezpe¢nd. Poklesy na povrchu byly ve skute¢nosti mnohem
niZsi, nez bylo predpokldddno. Celkem 60 % bodu vykézalo pokles
0 50 % mens{ oproti piedpokladim v projektu. V 80 % bodu byly sku-
te¢né poklesy mensi o 70 %, neZ bylo predpokléddéno. Hlavnim divo-
dem byl fakt, Ze vlastnosti zastiZenych hornin byly prfiznivéjsi, neZ se
predem ocekévalo.

Redlny prumérny vykon razby byl 18 m/den, coZ nadmiru preko-
nalo pocate¢ni oCekdvani (10 m/den). Podarilo se vyrazit i 22 m za
pracovni den (24 hodin), coz byl limit dany maximalni pracovni kapa-
citou zafizeni na separaci kald.

Redlnd spotfeba bentonitu byla o 25 % niZsi, neZ se puvodné pred-
pokladalo.

Redlnd spotieba malty byla o 12 % vyssi, nez byl puvodni predpoklad.

Redlnd spotieba elektfiny byla mnohem niZ$i, nez se puvodné
odhadovalo (24 000 MWh), a to diky mensimu odporu na fezné hlavé
Stitu v danych geologickych podminkéch. Stroj pracoval vétSinu Casu
na 30 % maximélniho vykonu. Z tohoto divodu se celkové spotieba
pro oba tunely sniZila cca na polovinu.

Vymeéna nastrojd

Podle studie geotechnickych vlastnosti horniny, zejména s ohledem na
jeji abrazivitu byly v trase tunelu vyhloubeny dvé montézni jamy zajisté-
né pomoci tryskové injektdze. Tyto jamy byly vybudovény na obou bre-
zich feky. Prvni jama byla strategicky umisténa pred vstupem tunelu pod
feku, a to ze dvou duvodu. Za prvé bylo potieba zjistit skute¢né opotre-
bovan{ feznych dldt a diska a souasné posoudit nutnost realizace dalsich
jam pro vyménu nastroju. Za druhé, nezdvisle na stupni opotfebent,
vymenit fezné ndstroje, aby byl zabezpeCen postup tunelovaciho stroje
pod dnem feky bez zastdvek a tim i zvysit bezpecnost razby.

Vyménu ndstroju na fezné hlavé bentonitového $titu provadéji spe-
cialisté (potapéeci) ve stavu pretlaku. Proces probihd tak, Ze stroj vjede
do prostoru montdZzni jdmy a v ni se vyprdzdni komora s bentonitem
az do drovné mezi jednou polovinou a jednou tetinou pruméru fezné
hlavy. Po vyprazdnéni komory je do ni vhanén pod tlakem vzduch,
ktery stabilizuje horninovy a hydraulicky tlak pred Celem Stitu.

Vzhledem k nebezpeli a zdravotnim rizikum, které s sebou nese
prace v pretlaku, byla uz pfedem provedena koordinaéni bezpe¢nost-
ni opatfen{ vCetné ¥kolicich kurzi. Souddsti byl i ndcvik zdchranné
akce a evakuace zranénych z dekompresni kabiny aZ na povrch.

Byl nainstalovdn kamerovy systém, ktery monitoroval ¢innosti na
Celbe. Tyto price byly provadény v pretlaku 2,4 baru, v pracovnich tur-
nusech po tfech pracovnicich po dobu tif hodin. Pro tento zdsah, ktery
trval celkem 105 hodin, bylo zapotfebi 36 profesiondlnich pracovniki
(potdpécn). V téchto podminkach bylo zapotiebi také lékarské asistence,
proto byli na misté dva Iékari specializovani na hyperbarickou medicinu.

Obecné opotiebeni ndstroji nebylo piili§ velké. Vyména ndstroji
byla provedena z duvodu zvySeni bezpecnosti razby pod dnem feky
a nikoli kvuli opotiebent, které bylo bézné a rovnomérné.
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reason was the fact that the properties of the ground encountered
were more favourable than expected.

The real average excavation advance rate was 18m/day, which
fact much exceeded the initial expectations (10m/day). Tunnellers
managed to excavate even 22m per a working day (24 hours),
which was the limit set by the maximum capacity of the solids
separation plant.

The real consumption of bentonite was by 25% lower than origi-
nally anticipated.

The real consumption of grout was by 12% higher than original-
ly assumed.

The real consumption of electric power was much lower than ori-
ginally estimated (24,000MWh). It was because of the fact that the
resistance acting on the cutterhead in the particular geological con-
ditions was smaller. The TBM worked at 30% of the maximum out-
put for the majority of time. For that reason the total consumption
was reduced approximately to a half for both tunnel tubes.

Replacement of tools

According to the study on geotechnical properties of ground, in
particular with respect to its abrasivity, two assembly pits were
excavated on the tunnel alignment; they were stabilised by jet grou-
ting. These pits were carried out on both banks for two reasons. The
first pit was located strategically before the tunnel entry under the
river. It was so because of two reasons. Firstly it was necessary to
ascertain the actual wear of cutting tools and disc cutters and, at the
same time, to assess the need for realising other pits allowing for
replacing the tools. Secondly, it was necessary to replace cutting
tools independently of the degree of wear so that the TBM advan-
cing under the riverbed without standstill was secured and increa-
sing the excavation safety in this way.

The tools on the PSB TBM cutterhead were replaced by specia-
lists (divers) in overpressure conditions. During the process, the
machine enters the assembly pit space and the level of bentonite in
the working chamber is lowered to the level between one half and
one third of the cutterhead diameter. When the chamber emptying
is finished, air is forced in it to stabilise the ground pressure and
hydraulic pressure ahead of the shield.

With respect to the danger and health risks associated with wor-
king in overpressure, the coordination safety measures including
training courses were carried out in advance. Even the rehearsal of
a rescue action and evacuation of injured persons from the decom-
pression cabin up to the surface were their part.

A CCTV system was installed to monitor the operations at the
excavation face. These operations were carried out under the overp-
ressure of 2.4bar, in a system of tour of duty — three workers for
three hours. The intervention, which took 105 hours in total, requi-
red 36 professional workers (divers). Medical assistance was also
necessary in these conditions. For that reason two physicians spe-
cialised in hyperbaric medicine were present on site.

In general, the wear of tools was not too great. The tools were repla-
ced for the reason of increasing the safety of tunnelling under the
riverbed and not because of the wear, which was common and even.

EXCAVATION OF SAFETY CROSS PASSAGES

With respect to the particular geology and the water-bearing bed-
rock, two methods of excavating the cross passages were assessed;
either by jet grouting or by means of ground freezing. Eventually,
the excavation method using the freezing of the ground environ-
ment was chosen for the following reasons:

Factors concerning environmental protection: two cross passages
are located under the Visla riverbed and the pollution of water
would have threatened if the jet grouting was used. In addition, the
pontoon which would have been necessary in this case would have
restricted the transport in the Gdansk harbour.

The quality of securing impermeability of the excavation sur-
roundings for water: whereas jet grouting does not guarantee 100%
impermeability, ground freezing guarantees it fully, thus it increa-

ses the safety during the excavation of the cross passages.
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Obr. 8 Schéma zmrazovaciho prstence pro raZbu propojky archiv OHL 25, . sJOHL ZS, a. 5. archive
Fig. 8 The diagram of a freezing ring for the cross passage excavation
RAZBA BEZPECNOSTNICH PROPOJEK Ground freezing

Vzhledem k dané geologii a zvodnélému horninovému podlozi
byly zvaZovdny dva zpisoby razby spojovacich propojek. Bud
s pomoci tryskové injektaze, nebo razba za pomoci zmrazovéni hor-
ninového prostiedi. Nakonec byla zvolena metoda razby za pomoci
zmrazovéni horninového prostredi z nasledujicich duvodu:

Faktory tykajici se ochrany Zivotniho prostredi: dveé propojky jsou
situovany pod dnem feky Visly a pfi realizaci tryskové injektdze by
hrozilo znegi§téni fi¢ni vody. Navic ponton, ktery by byl v tomto pri-
padé nutny, by omezoval dopravu v pristavu Gdansk.

Kvalita zajisténi vodonepropustnosti okoli vyrubu: zatimco trysko-
va injektdZ nezarucuje 100% nepropustnost, zmrazovani ji plné garan-
tuje, a tim se zvySuje bezpecnost pri razbe propojek.

Zmrazovani zeminy

Tuto technologii je mozné aplikovat zejména v siln¢ zvodnélém
horninovém prostedi. Pfi aplikaci zmrazovani horninového celiku,
jako metody pro doCasné zpevnéni, se vyuZzivaji pouze fyzikalni vlast-
nosti horniny a vody, aniZ by se trvale ménily jeji pavodni vlastnosti.
Rozhodujicimi podminkami okolntho prostfedi je dostatecny obsah
vody, pomalé proudéni podzemni vody a také nizky obsah soli
v podzemni vodé. Fyzikdlni princip zmrazovéni zeminy je zaloZen na
zmrazeni podzemni vody vyskytujici se v porech a puklindch. Timto
procesem se pevné uzaviou pory v zeminé, a ta ziskd nové vlastnosti
— nepropustnost a vodotésnost. Kromé toho se led chova jako umelé
spojovaci Cinidlo jednotlivych asteCek zeminy. Z toho davodu je
pevnost zmrazené zeminy podstatné vys$si neZ v prirozeném stavu a je
srovnatelnd s pevnosti hubeného betonu. Samotné zmrazovani zemi-
ny vyZaduje detailni pldn vychdzejici ze specifickych podminek dané-
ho prostfedi, mezi nimiZ je tfeba pocitat s:

This technique can be applied mainly to a heavily water-bearing
ground environment. When the freezing of a ground block is app-
lied as a method of temporary strengthening, only the physical pro-
perties of ground and water are employed, without permanent
changing their original properties. The deciding conditions of the
surrounding environment are a sufficient content of water, slow rate
of groundwater flow and low content of salts in groundwater. The
physical ground freezing principle lies in freezing groundwater
existing in pores and fissures. Using this process, pores in the soil
are firmly closed and the soil gathers new properties — impermea-
bility and waterproofing. In addition, ice behaves as an artificial
binder of soil particles. For that reason the strength of frozen soil is
significantly higher than in the natural condition and is comparab-
le with the strength of lean concrete. The freezing of soil itself requ-
ires a detailed plan proceeding from specific conditions of the par-
ticular environment, with the following ones to be counted with:

 an analysis of various parameters of soil and groundwater in

the context of the granulometric curve, density, degree of satu-
ration, salinity, temperature, groundwater table level and
movement;

e structural and temperature-related analyses for the determina-

tion of the geometry, stress and durability of the ring;

e the optimisation of the freezing process;

¢ requirements for energy and design of the freezing unit;

¢ checking on temperature and deformations of the frozen ring.

CONSTRUCTION PROCEDURE

The safety cross passages were realised only after the completi-
on of driving both tunnel tubes. A ring of frozen soil 1.80m thick
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e analyzou ruznych parametrd zeminy a podzemnich vod
v souvislosti s granulometrickou kfivkou, hustotou, stupném
saturace, salinitou, teplotou, trovni a pohybem podzemni vody;

e statickymi a teplotnimi vypocty pro stanoveni geometrie, napéti
a trvanlivosti zmrazeného korpusu;

e optimalizaci procesu zmrazovani;

* pozadavky na energii a nivrh mrazici jednotky;

¢ kontrolou teploty a deformaci zmrazené¢ho korpusu.

STAVEBNI POSTUP

Bezpecnostni propojky byly realizovdny az po dokonceni razby
obou tuneld. V prostoru kazdé propojky byl vytvoren prstenec zmra-
zené zeminy o tloustce 1,80 m pomoci 63 vrti ve dvou drovnich
(obr. 8). V nich bylo instalovdno potrubi, kterym cirkuloval solny roz-
tok o teploté —35 °C. Tento krok byl ¢asoveé nejnarocnéjsi a mél nej-
vetsi spotrebu energie. Po dosazeni zmrazeni prstence, ktery zajistil
pevnost a nepropustnost zeminy, byl tento stav udrZovdn po celou
dobu razby propojek. Nasazeny byly dvé mrazici jednotky, které
mohly udrZovat stav zmrazeni v péti propojkach soucasné.

V oblasti propojek byl hlavn{ tunel vystrojen prstenci s vyztuZenim
220 kg Zeleza na m3. Z téchto prstenct byly vyjmuty vZdy dva boéni
segmenty pro otevieni Celby propojek. Vznikly prostup byl docasné
rozepren ocelovou konstrukci, kterd prevzala zatiZeni prstence po
bocich okolo otevieného prostoru. Vlastni razba propojek byla reali-
zovédna v celém profilu Novou rakouskou tunelovaci metodou. Razba
byla provddéna v krocich 1,5 m s tloustkou strikaného betonu 15 cm.
Po provedeni celoplo$né hydroizolace bylo realizovdno definitivni
osténi pomoci posuvného bednéni. Po dosaZeni poZadované pevnosti
betonu bylo odpojeno zmrazovaci zafizeni a horninové prostredi se
vratilo do puvodniho stavu.

ZAVER

Stavba Stowackiego IV byla stavba s velkym spoleCenskym
vyznamem pro celou oblast Pomoranska i pro celé Polsko.
Duikazem toho bylo mnoho oficidlnich ndvstév zdstupca raznych
svazu a dokonce i ¢lent vlddy. Zde je tieba zduraznit vysoky stu-
pen spokojenosti ndvstév behem stavby s kvalitou realizovanych
praci a také s porddkem a Cistotou na stavbé. Prinosnd byla také
spoluprace vedeni projektu s organizacemi jako Polytechnicka uni-
verzita Gdansk a s Hasi¢skym sborem mésta Gdansk.

Mimoradnost stavby spociva i v kritériich zadani a vybéru vhodné
technologie. I kdyZ se celkovd délka obou vyraZzenych tuneli pohy-
buje na hranici efektivniho nasazeni technologie tunelovaciho stroje,
v tomto pripadé s ohledem na dal§i kritéria byla volba jednoznacne
spravnd. Pri realizaci se vhodnost této volby potvrdila a projevila
bezpe¢nym a rychlym postupem praci. Zaroven doslo k velkym
uspordm elektrické energie a spotreby bentonitu. Z pohledu ochrany
Zivotniho prostredi bylo dosazeno optimdlniho feSeni s malym mnoz-
stvim odpadu a vysokym vyuZitim vytéZeného materidlu v rdmci
vlastn{ stavby tak i v jinych stavebnich projektech.

Usili vynaloZené v oblasti ochrany zdravi a bezpe¢nosti préce,
predevsim na poli prevence, prineslo také své plody v podobé
specidlnich ocenéni a uznéni.

Z téchto duvodu a z duvodu duleZitosti a v§znamu tohoto pro-
jektu pro mesto Gdansk, ziskala stavba velkou prestiz a méla velmi
pozitivni ohlasy ve sdélovacich prostredcich.

MEng/MSc Civil Engineer JOSE MIGUEL FERNANDEZ
REMESAL, jremesal@ohl.es, OHL Polska,
Ing. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

Recenzovali/Reviewed by: Ing. Boris Sebesta, Ing. Pavel Polik
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was created in the space of each cross passage by means of 63 drill-
holes carried out in two tiers (see Fig. 8). A pipeline through which
the salty solution with the temperature of —35°C flew was installed
in them. This step was the most demanding and the consumption of
energy was the highest. After achieving the freezing of the ring,
which secured the strength and impermeability of soil, this state
was maintained throughout the cross passages excavation period.
Two freezing units, which were capable of maintaining the frozen
condition concurrently in five cross passages, were deployed

In the areas of the cross passages, the main tunnel support was
provided by rings reinforced by 220kg of steel per m®. Two side-
wall segments were always removed from these rings to allow for
opening the excavation faces for the cross passages. The origina-
ting opening was temporarily supported by a steel structure, which
took on the load acting on the sides of the ring around the open
space. The excavation of the cross passages itself was realised full-
face using the New Austrian Tunnelling Method. The excavation
advance rounds were 1.5m long and the shotcrete lining was 15¢cm
thick. After the waterproofing system was closed around the full
circumference, the final lining was realised by means of a travelling
form. After reaching the required concrete strength, the freezing
unit was disconnected and the ground environment returned to the
original state.

CONCLUSION

The Stowackiego IV project was very important for the entire
Pomeranian region and for entire Poland. The importance is con-
firmed by numerous official visits from representatives of various
associations and even from members of the government. Here it is
necessary to put stress on the high degree of satisfaction of visits
during the course of the construction with the quality of the work
being realised and also with the order and tidiness on site. The col-
laboration of the project management with organisations, such as
the Polytechnic University in Gdansk and the Fire Rescue Brigade,
was also contributing.

The exceptionality of the project lies even in the criteria of the
design for tendering and in the selection of a suitable technology.
Even though the total length of both completed tunnels fluctuates
about the border of effective application of the TBM technique, the
selection was unambiguously correct in this case with respect to
other criteria. The suitability of this selection was confirmed during
the course of the realisation and manifested itself by the safe and
rapid work advance rates. At the same time significant savings in
the consumption of electric power and bentonite were achieved.
From the aspect of environmental protection, the optimal solution
with small amount of waste and high degree of the exploitation of
the excavated material within the framework of the project itself
and within other construction projects was realised.

The effort invested into the area of occupational safety and
health, first and foremost in the field of prevention, also yielded its
fruit in the form of special recognition and appreciation.

For the above-mentioned reasons and for the reason of the impor-
tance and significance of this project for the city of Gdansk, the
project gained great prestige and had very positive response in mass
media.

MEngIMSc Civil Engineer JOSE MIGUEL FERNANDEZ
REMESAL, jremesal@ohl.es, OHL Polska,
Ing. TOMAS JUST, tjust@ohlzs.cz, OHL Z8S, a.s.

[1] TECNO ¢. 85, Twin tunnel under the navigation channel of the Vistula River, Sergio Cérdoba Gonzdles, 12/2012
[2] OHL Construction, Conexion entre el aeropuerto y el puerto de Gdansk — Ruta Stowackiego 1V, José Miguel Ferndndez Remesal,

10/2013




VYUZITI TECHNOLOGIE POLOMECHANIZOVANEHO STITOVANI
PRI RAZBE KANALIZACNIHO SBERACE

THE USE OF SEMI-MECHANISED SHIELD TUNNELLING
FOR THE CONSTRUCTION OF A COLLECTOR SEWER

TOMAS JUST, ONDREJ PAVLIK, LUBOMIR HALFAR

ABSTRAKT

Spole¢nost OHL ZS, a.s., je v soucasnosti pravdépodobné na tuzemském trhu jedinym vlastnikem polomechanizovaného stitu profilu
3,6 m. Tato skutecnost vyznamné prispéla k vispéchu ve verejné zakdzce ,,Prerov — vystavba levobrieZniho a pravobrezniho sbérace
s napojenim Dluhonic a Kozlovic“. Realizace nékterych tisekii této stavby byla navrZena pomoci bezvykopovych technologii. Na kmeno-
vé stoce A-1 profilu DN 2400 mm v vseku dlouhém 434 m byla v daném geologickém prostredi navriena jako nejvhodnéejsi metoda Stola
raZend Stitem. V ¢ldnku je uveden strucny popis projektu, samotné technologie Stitovdni i zajimavosti z realizace.

ABSTRACT

The company of OHL 7S, as., is probably currently the only owner of a 3.6m-diameter semi-mechanised shield existing on the domes-
tic market. This fact significantly contributed to its success in a public tender “Prerov — construction of a left-bank and right-bank col-
lector sewers with the connection to Dluhonice and Kozlovice”. A trenchless technique was proposed for the realisation of some secti-
ons of this project. Sheet tunnelling was proposed as the method most suitable for the geological environment in a 434m long section of
the DN2400mm trunk sewer A-1. The paper presents a brief description of the project, the tunnelling technology itself and interesting

facts from the realisation.

uvob

Tento projekt byl spole¢nosti Vodovody a kanalizace Prerov,
a.s., dlouhodobé pripravovédn a navazuje na generel kanalizace
mésta Prerova z roku 2004. Uzemni rozhodnuti a stavebni povo-
leni pro stavbu sbéracu byly vyddny v roce 2010. Investor poZa-
dal v 7/2012 o poskytnuti dotace ze SFZP z prostiedkil
Operacniho programu Zivotniho prostredi a zadost byla prijata.
V pribéhu let 2013-2014 probihaly soutéZe na zhotovitele,
spravce stavby a financujici banku. Stavba byla slavnostné
zahdjena 29. 9. 2014 a predana 30. 9. 2015. Predpokladané cel-
kové nédklady stavby jsou cca 400 mil. K¢.

Vystavba kmenové stoky N na pravém brehu feky Bedvy
v&etné nové retenéni nddrZe o objemu 1750 m3 a stoky A-1 situ-
ované v ulici TovaCovskd na levém brehu feky Belvy véetné
nové reten¢ni nddrze o objemu 3000 m? je vedena snahou zlep-
Sit kvalitu povrchovych vod — feky Becvy a docilit niz§iho zati-
Zen{ recipientu znecisténim z kanaliza¢ni sit€ za deS§tovych uda-
losti. Kanalizaéni systém mésta Prerova byl v nékterych ¢astech
nekapacitni a z hlediska stavebnétechnického stavu nevyhovuji-
ci. Soucdsti vystavby jsou i opatfeni na kanalizaCni siti proti
vnikani vod z feky Becvy do celého kanalizacniho systému,
ktery v soucasném stavu ohroZuje jiz 2lety prutok v fece.
Projekt fesi také napojeni mistnich ¢asti Dluhonice a Kozlovice
na méstskou Cistirnu odpadnich vod. Stavba je rozdélena do
Sesti ucelenych &asti (UC) dila, které jsou samostatné funk&ni
a lze je provadét soucasné. Jednotlivé ucelené ¢asti jsou patrné
z obr. 1.

Trasy vSech kanalizacnich stok byly navrzeny tak, aby
v maximdlni mozné mife akceptovaly pozemky mésta a co
nejméné se dotykaly pozemku soukromych. Celkovd délka
budovanych stok je 9 619,34 m.

Pfinos stavby pro Zivotni prostfedi

Vystavba levobfeznich a pravobieznich sbéralu v Pierové
a napojeni mistnich ¢dsti Dluhonice a Kozlovice zpusobf sni-
Zeni objemu prepadu destovych vod ze stiavajicich odlehdova-

INTRODUCTION

This project was prepared in the long term by the water
development company of Vodovody a kanalizace Prerov,
a.s.; it links to the expansion master plan for the sewerage
system of the town of Prerov approved in 2004. The land
allocation permit and construction permit for the constructi-
on of collector sewers were issued in 2010. In July 2012, the
project owner applied for furnishing a fund from the State
Environment Fund, from the means of the Operational
Program Environment. The application was accepted.
Competitions for the selection of the contractor, project
administrator and financing bank proceeded during the
2013-2014 period. The construction work ceremonially com-
menced on 29/09/2014 and handed over on 30/09/2015.
The assumed total cost of the construction is ca CZK 400
million.

The need for the development of the trunk sewer N on the
right bank of the Be¢va River, including a new 1750m?
retention basin, and the sewer A-1 located in Tovacovska
Street on the left bank of the Bec¢va River, including a new
3000m3 retention basin, originated as a result of the effort to
improve the quality of surface waters — the Becva River, thus
to achieve reduction in loading the recipient by pollution
from the sewerage network during stormwater events. The
capacity of the sewerage system of the town of Prerov was
in some cases insufficient and unfavourable in terms of the
structural and technical condition. Measures preventing the
inflow of water from the Becva River to the entire sewerage
system, which is today endangered by a mere 2-year flow in
the river, are also parts of the project. The project in additi-
on solves the connection of municipal districts of Dluhonice
and Kozlovice to the municipal sewage treatment plant. The
construction is divided into six closed parts (CP) of the
works, which are functional separately and can be worked on
concurrently. The individual closed parts are obvious from
Fig. 1.
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cich komor béhem srdzkovych uddlosti. Pro mistni ¢dsti
Dluhonice a Kozlovice spo¢ivd pfinos v zamezeni odtoku
splaskovych vod do recipientu a jejich prevedeni do méstské
kanalizace s naslednou likvidaci na COV Pferov.

Pro vyhodnoceni opatieni ve mésté Prerov (UC 1-4) byly
sestaveny dva zdkladni modely kanalizani sité mésta. Pro
stavajici stav byl vyuzit model kanalizacni sit¢ z generelu
vefejné kanalizace v Prerové. Ddle byl vytvoren model sité se
zapracovdnim vySe uvedeného projektu. Oba modely byly
posouzeny na srazkové udalosti typického (prumérného) roku,
byly vypolitiny objemy prepadlych vod do recipientu
a ndsledné bylo vypocitdno celkové znecisténi, které je v obou
pripadech transportovédno do recipientu. Rovnéz bylo stanove-
no mnozstvi a znecisténi odpadnich vod zadrzené nové vybu-
dovanymi reten¢nimi nddrZzemi. Tyto odpadni vody jsou vZdy
precerpany zpét do kanalizalni sit€ po odeznéni d¢inku srd-
zek. Z rozdilu zneciSténi pred realizaci a po realizaci opatreni
je ziejmé, ze po dokonleni stavby sbérac¢u bude znelisténi
transportované do feky radové niz§i. Pro napojeni mistnich
¢asti Dluhonice a Kozlovice byl proveden vypocet odstrane-
ného zneciSténi na zdkladé naméfené koncentrace zneciSténi
ve vyustnich objektech, poCtu pfipojenych obyvatel a prutoka.

POPIS PROJEKTU - UC 3

Vzhledem k zaméfeni tohoto ¢lanku na technologii Stitova-
ni bude dal§i popis projektu omezen na UC 3, kde byla tato
technologie pouZita.

Na levém brehu feky Belvy byla rekonstrukce stoky
A navrzena v nové trase. Na novou stoku A-1 jsou z levé stra-
ny ulice Tovacovskd napojeny stoky B a C. Hlavni stoka A-1
navazuje na stdvajici odlehcovaci komoru OK3A situovanou
pri ul. Kojetinskd a je trasovand v ulici TovaCovskd a ddle
mezi odkalovacimi lagunami do extravildnu mesta Pferov. Na
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The routes of all sewers were designed taking into consi-
deration the objective to accept municipal plots of land to
a maximum extent and touch private plots as little as possib-
le. The aggregated length of the sewers to be constructed
amounts to 9,619.34m.

Contribution of the project to the environment

The development of the left-bank and right-bank collector
sewers in Prerov and connections for the municipal districts
of Dluhonice and Kozlovice will result into the reduction of
the volume of the storm water overflow from the existing
relief chambers during storm events. As far as the Dluhonice
and Kozlovice municipal districts are concerned, the contri-
bution lies in the prevention to sewage flows to recipients
and the transfer of the flows to the municipal sewerage net-
work with the subsequent disposal at the Prerov STP.

Two basic models of the sewerage network were prepared
after the assessment of the measures in the town of Pferov
(CPs 1-4). The sewerage network model contained in the
Master Plan for public sewerage in Prerov was applied to the
existing condition. Further on, the network model was crea-
ted with the incorporation of the above-mentioned project.
Both models were assessed for storm events of a typical
(common) year and the volumes of waters overflowing to the
recipient were calculated and, subsequently, the total pollu-
tion which is in both cases transported to the recipient was
calculated. In addition, the amount and pollution of sewage
impounded by the retention basins to be newly built was
determined. This sewage is always pumped over to the sewe-
rage when the effects of the storm water subside. It is obvi-
ous from the difference between the pollution before the
implementation and after the implementation of the measu-
res that the pollution transported to the river will be lower by
an order of magnitude after the completion of the constructi-
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Obr. 1 Prehlednad situace stavby, 1 — kmenovd stoka N, Nabr. Dr. E. Benese, 2 — reten¢ni nddr? RN-OKINA, 3 — hlavni stoka A-1, ulice Tovacovskd, 4 — retenc-
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Fig. 1 Construction layout, 1 — Trunk sewer N, Nabr. Dr. E. BeneSe, 2 — Retention basin RN-OKINA, 3 — Main sewer A-1, Tovacovskd Street, 4 — Retention

basin RN-OK1A-1-1, 5 — Dluhonice sewerage, 6 — Kozlovice sewerage



stavbu stoky A-1 navazuje novd retenc¢ni nddrZz o objemu
3000 m3 (UC4), kterd umozni pred&istit deStovou vodu véetné
vyplachu kanalizace pred odlehfenim do recipientu. Trasa je
navrZena tak, aby bylo mozné v ulici Tovacovskd v maximalni
mife zachovat dopravu alespon v jednom jizdnim pruhu.
Podchody vozovky a télesa Zelezniéni vleCky jsou navrzeny
pomoci protlaku.

Celkova délka hlavni stoky A-1 mezi stdvajici trasou kme-
nové stoky A a odlehcovaci komorou OK-3A je 2,76 km. Na
trase stoky A-1 jsou navrzeny Ctyfi protlaky o DN 1400
a jeden protlak o DN 2400 pod Zelezni¢ni vle¢kou. Usek mezi
Sachtami SA-1-04 a SA-1-10 o délce 434,38 m byl navrzen
jako prace provddénd hornickym zptusobem — $titovdnim. Tato
technologie byla zvolena s ohledem na zna¢nou hloubku ulo-
Zen{ stoky a nevhodnou geologii pro paZeny vykop mezi odka-
lovacimi lagunami. Vystavba sbérade v novych trasich byla
kromé trasovdni stavby mimo soukromé pozemky opodstatné-
na i velkymi pratoky, jak v bezdesti, tak i za de§tli. Tvorba
obtokl po celou dobu vystavby by stavbu finanéné prodraZila
a také prodlouzila délku vystavby, coZz bylo vzhledem ke stav-
bé v intravildnu mésta nezddouci.

Geotechnické podminky

Zajmova oblast — tzn. zdpadni okraj mésta Pferova — néle-
zi podle regiondlntho ¢lenéni reliéfu do podsoustavy Za-
padnich Vnékarpatskych sniZenin, k severozdpadnimu okraji
Becevské brany. Terén je zde rovinny, nejvyznamnéj$im
morfologickym prvkem je koryto feky Becvy, které je zafiz-
1é na hloubku 6—7 m pod dno tdoln{ nivy. Nadmorské vysky
terénu ve dné Siroké udolni nivy se pohybuji mezi
206-209 m n. m. Reliéf v zdpadni ¢ésti zdjmového dzemi je
uméle pretvoren mocnymi navdzkami odpadu z primyslové
vyroby (odkaliste).

Geologicky lezi oblast v Karpatské predhlubni, kterd je
vyplnéna neogennimi sedimenty — a to predev§im soudrZnymi
jily plastickymi, promenlivé pis¢itymi. Jejich konzistence je
v pripovrchové vrstvé tuhd aZ pevnd, byly zastiZeny
i zpevnéné polohy charakteru jemnépisc¢itého slinovce. Povrch
neogennich sedimentu je v hloubce 6-9 m pod terénem.
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on. The calculation of the removed pollution for the munici-
pal districts of Dluhonice and Kozlovice was carried out on
the basis of the concentration of pollution measured at the
outfall structures, the number of residents served by the STP
and the flow rates.

DESIGN DESCRIPTION - CP 3

With respect to this paper focus on shield tunnelling tech-
nology, the subsequent description will be dedicated to CP3,
where this technology was used.

A new route was designed for the reconstruction of the
sewer A on the left bank of the Be¢va River. Sewers B and C
are connected to the new sewer A-1 from the left side of
Tovacovska Street. The main sewer A-1 continues on from
the existing relief chamber OK3A located near Kojetinskd
Street. Its route runs under Tovacovskd Street and further
between sludge lagoons to the rural zone of Prerov. A new
retention basin with the capacity of 3,000m3 (CP4) links to
the construction of sewer A-1. The basin will allow for pre-
treating storm water including flush water from sewerage
before the discharge to the recipient. The route is designed in
a way allowing for maximum preservation of traffic in
Tovacovska Street at least along one traffic lane. Pipe jacks
are designed for passages under the roadway and a railway
siding track bed.

The total length of the main sewer A-1 between the exis-
ting route of the trunk sewer A and the relief chamber OK-
3A amounts to 2.76km. Four DN 1400 pipe jacks are propo-
sed to be on the route of sewer A-1 and one DN 2400 pipe
jack is proposed to pass under the railway siding. A mining-
like excavation method (shield tunnelling) was proposed for
the 434.38m long section between shafts SA-1-04 and SA-1-
10. This technology was chosen with respect to the signifi-
cant depth of the sewer underground and the geology unsui-
table for a braced trench between the sludge lagoons. Apart
from the intention to lead the new route for the construction
of the collector sewer outside private plots of land, the
design was substantiated by high flow rates, both in rainless
and rainy conditions. Creating bypasses throughout the con-
struction period would have increased the construction cost

and extended its duration, which was

cinder concrete slurry

betonové dno - concrete bottom

vypliova injektaz — backfill grouting

segmentové primarni osténi
segmental primary lining

cementopopilkova zalivka

sklolaminat Hobas DN 2400, SN 10000
Hobas DN 2400, SN 10000 GRP tube

vymezujici konstrukce — spacers

undesirable with respect to the works car-
ried out in the urban area.
Geotechnical conditions

The project area, i.e. the western edge
of the town of Prerov, is, according to the
regional division of the relief, part of the
sub-system of Western Outer Carpathian
Depressions, up to the north-western edge
of the Becov Gate. The terrain is flat in
this area; the most important morphologi-
cal feature is the Becva riverbed, which is
cut up to the depth of 6-7m under the bot-
tom of the valley floor. The altitude of the
terrain at the floor of the wide valley vari-
es between 206-209m a.s.l. The relief in
the western part of the project area is arti-
ficially remodelled by thick man-made
fills of waste from industrial production
(mud setting ponds).

In terms of geology, the area lies in the

Obr. 2 Pri¢ny Fez stokou A-1
Fig. 2 Cross-section through sewer A-1

Carpathian Basin, which is filled with
Neogene sediments — first and foremost
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Kvarterni zeminy — prirozené uloZzené sedimenty jsou puvo-
du fluvidlniho. Na bdzi sedimentace — tzn. na povrchu neo-
gennich jilu — je souvisld vrstva terasovych $térku. Jejich
mocnost je 3,5 az 6 m. Jsou vétSinou stredné ulehlé az ulehlé,
valouny dobfe opracované o pruméru 1-8 c¢m, v dolni polovi-
né vrstvy az 20 cm. Vyplii mezer tvoii pisek jilovity. Stérky
jsou zvodnélé, dobfe propustné. Prechod mezi Stérky
a nadloZnimi povodinovymi jily tvoii nesouvisld vrstva piska
proménlivé jilovitych az Cistych o mocnosti do 0,5-2 m.
Povrch nesoudrznych zemin se nachdzi v hloubce 0,5-5 m pod
terénem — pokles smérem od feky.

Povodiiové jily — vytvéreji souvislou vrstvu ve svrchni ¢4sti
geologického profilu. Pokud nejsou nahrazeny navdZzkou,
dosahuji mocnosti 2-5 m, v prifi¢ni zéné do 1 m. Jsou stred-
né a vysoce plastické, proménlive pisCité, konzistence tuhé,
pri bazi vrstvy i mékce tuhé. Jsou velmi mdlo propustné.

Navdzky — vzhledem k pramyslovému charakteru okolni
zastavby dosahuji znacnych mocnosti (1-7 m) a lze je pova-
zovat za souvislou vrstvu. Jsou tvoreny hlinou pisCitou
s kameny, betonem, piskem — vét§inou maji charakter soudrz-
né zeminy.

Uroven hladiny podzemni vody je piimo ovliviiovdna sta-
vem hladiny v fece Be¢ve, kterd protékda v blizkosti stavby.
V mésicich Cervenec a srpen 2009 byla zméfena v hloubce
3,2-5,8 m pod terénem, rozkyv hladiny podzemni vody zdvis-
ly na klimatickych podminkach je 1,90 m. Podle klasifikace
chemického prostredi se v oblasti vyskytuje voda agresivni na
betonové konstrukce XAl a XA2.

SO 0301.2 Stitovani

Usek kanalizace SA-1-04 — SA-1-10 délky 434,38 m byl
navrZen jako dovrchni razba Stitovdnim pomoci polomechani-
zovaného Stitu @ 3640 mm (vnéj§i prumér plaste Stitu).
Podélny spad stoky je 0,7 %o, teoretickd plocha vyrubu je
10,41 m?2 (obr. 2). Trasa byla navrZena ze dvou protismérnych
obloukt o poloméru 110 m, mezi které byl vlozen piimy tsek.
Priméarni osténi bylo navrZzeno jako prstencové z Zzele-
zobetonovych segmentu (klendkl). S ohledem na agresivitu
podzemni vody byly Zelezobetonové klendky navrZeny
z betonu C30/37- XA2. PrubéZné¢ s postupem Stitu mél byt
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cohesive clays (plastic, variably sandy). Their consistency in
the near-surface layer is stiff to hard; even solidified layers
with the character of fine-sandy marlstone were encounte-
red. The surface of the Neogene sediments is at the depth of
6 — 9m under ground surface.

Quaternary soils — naturally deposited sediments — are of
the fluvial origin. A continual layer of terrace gravels is on
the sedimentation base, i.e. on the surface of the Neogene
clay. It is 3.5 to 6m thick. The gravels are mostly medium
compacted — compacted; boulders with the diameter of 1-
8cm are well dressed; boulders up to 20cm are in the lower
half of the layer. The filling of gaps is formed by clayey
sand. The gravels are saturated with water and well perme-
able. The transition between gravels and flood clay is formed
by a discontinuous up to 0.5-2m thick layer of clayey to pure
sands. The surface of the incohesive soils is found at the
depth of 0.5-5m under the terrain surface — dropping in the
direction off the river.

Flood clays - they form a continual layer in the upper part
of the geological profile. Their thickness reaches 2-5m, in
the riverside zone up to 1m, unless they are replaced with
made ground. They are medium to highly plastic, variably
sandy, with the consistency stiff or, at the layer base, even
softly stiff. They are very little permeable.

Made-ground — with respect to the industrial character of
the buildings in the surroundings, it reaches a significant
depth (1-7m) and it is possible to consider it as a continuous
layer. It is made up by sandy loam with boulders, concrete
and sand — it has mostly the character of cohesive soil.

The water table level is directly affected by the state of
water surface level in the Becva River, which flows in the
vicinity of the construction site. In July and August 2009, the
water table was measured at the depth of 3.2-5.8m under the
terrain surface; the fluctuation of the water table level is
1.90m, depending on climatic conditions. According to the
chemical environment classification, water corrosive to
concrete structures XAl and XA?2 exists in the area.

SO 0301.2 Sheet tunnelling
Uphill driving using a semi-mechanised shield @ 3640mm
(outer diameter of the shield envelope) was designed for the
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Legenda / Legend:

1 Razici §tit / Tunnelling sheet

2 Tézebni zafizeni (Skrabak)
Excavation equipment (scraper)

3, 4 VynaSeci dopravnik
Discharge belt conveyor

5 Stanice hydrogeneratoru na vle¢ném
zafizeni / Hydrogenerator station on
the draught facility

6 Souprava vozikli s lokomotivou
Set of cars with a locomotive

7 Prekladaci zafizeni segmentt osténi

6 Lining segments feeding device

8 Erektor pro ukladani dilct
Segment placing erector

9 Zdvihaci zafizeni / Lifting gear

10 Pfepravni vana
Transport container

Obr. 3 Schéma raziciho Stitového komplexu
Fig. 3 Chart of the tunnelling shield complex




nadvyrub (mezikruzi vytvorené plastém Stitu tl. 20 mm)
zafoukdvén tfidénym kamenivem frakce 3/6 mm s ndslednym
proinjektovanim cementovou smési minimdlni pevnosti 3.5
MPa. Povolend smérovd odchylka osy Stoly od projektované
byla projektem stanovena na 10 cm. Vlastni kanaliza¢n{ potru-
bi je navrZeno ze sklolamindtového profilu DN 2400 SN
10000 zatazeného do vyrazené Stoly s ndslednym vyplnénim
mezikruZi popilkocementovou smési. Sachty SA-1-04, SA-1-
06 a SA-1-08 byly navrzeny jako t&7ni a Sachta a SA-1-10
jako koncovd Sachta. VSechny tyto Sachty byly ndsledné
vystrojeny jako vstupni Sachty kanalizace.

Razba Stitem se predpoklddala v hornich tfech tvrtindch
plochy profilu v soudrznych zemindch (povodnové jily stred-
né a vysoce plastické, konzistence tuhé, zatfidéni podle raz-
nosti I. a II. tfida), ve spodni ¢tvrtin€ plochy Celby v zemindch
nesoudrZnych (Stérky a pisky, stfedné ulehlé, s valouny pru-
méru do 10 cm, III. tfida raznosti). Hladina podzemni vody se
predpoklddala 0,3 m nad drovni dna $titu. Skute¢nd vyska hla-
diny podzemni vody méla byt ovérena pred zahdjenim praci.

POUZITY RAZICI STIT RSK 3,6 M

Polomechanizovany razici §titovy komplex (RSK) 3,6 byl
vyvinut v poloviné 80. let minulého stoleti pro potiebu
vystavby novych kmenovych stok jednotné kanalizace vel-
kych meést vyzkumnou a vyvojovou zdkladnou spolecnosti
Ingstav Brno. Byl ur¢en pro razbu v hornindch II. a III. stup-
né raznosti. Stitovy komplex sestivd z vlastniho §titu
a vle¢ného zarizeni, na némZ je umisténa stanice hydrogene-
rdtoru. Vle¢nd stanice je prostorové uspordddna tak, aby
umoznila prijezd kolejovych voziki. Stit je svafeny ocelovy
vilec, ktery se pomoci primocarych hydromotort zatlatuje do
horniny. Hydromotory se opiraji o prstenec osténi budované-
ho v zadnf &4sti §titu. Stit ma tii zakladni Gdsti. V predni — bii-
tové (predstitku) se hornina pomoci hydraulického Skrabdku
tézi a nahrnuje na dopravni pds. V horni ¢dsti jsou umistény
hydraulické pritlatné desky k pazeni vyrubu. Ve stfedni —
opérné (silové) &asti jsou mezi dvéma prstenci umistény
hydromotory a hydraulické obvody s ovldddnim. V koncové —
montdZzni ¢asti se uklddaji pomoci obvodového erektoru Zele-
zobetonové segmenty do vénce. Stfedem S§titu prochdzi
dopravni pés, kterym je dopravovana vytéZend zemina za Stit
do téznich beden na kolejovych podvozcich. Na stejnych pod-
vozcich se navazi opaénym smérem segmenty osténi. Dopravu
zajiStuje elektrickd akumuldtorova duln{ lokomotiva METAL-
LIST prostrednictvim jednokolejné dulni trati rozchodu
600 mm. Na ohlubni tézn{ Sachty je pro svislou dopravu mate-
ridlu osazeno elektrické zdvihaci zafizeni OVJ 75. Schéma
kompletni technologie je zndzornéno na obr. 3 a hlavni tech-
nické parametry jsou uvedeny v tabulce 1.

Prstencové osténi se sklddéd z Zelezobetonovych dilu licho-
béznikového tvaru. Prvky osténi jsou vyrdbény v zdvodé
Doloplazy spole¢nosti ZPSV, a. s., kterd patif do skupiny OHL
GROUP. Obvodové sty¢né spdry jsou upraveny ve tvaru pero
— drazka. V kazdém dilci je uprostfed ponechdn otvor, ktery
umoznuje manipulaci a injektdZ za osténi. Systém osténi nen{
konstrukéné feSen jako vodotésny, nepropustnost osténi lze
zvysit zatmelenim styénych spdr a injektdzi. Segmentové oste-
ni zpravidla plni funkci primdrniho osténi a vodotésnost (i sta-
tiku) hotového dila plni definitivni osténi (posuvnd betonova-
ci forma) nebo vloZeny navrZeny findlni produktovod (potru-
bi, kabelovod) a vyplnéni meziprostoru.
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434.38m long section of the sewer between shafts SA-1-04
and SA-1-10. The longitudinal gradient of the sewer is
0.7%0, the theoretical excavated cross-sectional area is
10.41m? (see Fig. 2). The horizontal alignment comprises
two reverse curves with the radius of 110m, with a straight
section inserted between them. The primary lining was
designed as a ring system consisting of reinforced concrete
segments. With respect to the groundwater corrosivity,
C30/37 — XA2 concrete was designed for the reinforced
concrete segments. The overcutting (the 20cm thick annulus
formed by the shield skin) was to be continually filled with
graded aggregates 3/6mm blown into the annulus; it was to
be subsequently grouted with cement mixture with the mini-
mum strength of 3.5MPa. The horizontal deviation of the
gallery axis from the designed position of 10cm was permit-
ted by the design. Glass fibre reinforced plastic tubes DN
2400 SN 10,000 are designed for the sewerage pipeline. The
pipeline was to be drawn into the excavated gallery and the
annulus was to be subsequently filled with a cinder concrete
mixture. Shafts SA-1-04, SA-1-06 and SA-1-08 were desig-
ned as hoisting shafts and shaft SA-1-10 as an end shaft.

The shield tunnelling was assumed to be carried out
through cohesive soils (flood clays medium and highly plas-
tic, with stiff consistency, categorisation according to exca-
vatability as classes I and II) in the upper three quarters of
the profile area, and, in the lower quarter of the excavation
face, through incohesive soils (gravels and sands, medium
compacted, with boulders with the diameter up to 10cm,
excavatability class IIT). The water table was expected to be
0.3m above the shield bottom level. The actual water table
level was to be verified prior to the commencement of the
works.

RSK 3.6M TUNNELLING SHIELD USED

The semi-mechanised tunnelling shield complex RSK
3.6m was developed in the middle of the 1980s for the need
of the development of new trunk sewers of the combined
sewerage systems in big cities by the research and develop-
ment base of the company of Ingstav Brno. It was deigned
for tunnelling through rock types with the excavatability
classes II and III. The shield complex consists of the shield
itself and a draught station carrying hydrogenerators. The
spatial arrangement of the draught station allows for the pas-
sage of rail-bound cars. The shield is a welded steel cylinder,
which is pressed into ground by means of linear hydraulic
motors. The hydraulic motors bear on a ring of the lining
which is built in the rear part of the shield. The shield has got
three basic parts. At the front end, i.e. the in the cutting edge
part (the advance shield), ground is excavated by means of
a hydraulic scraper and is swept to a belt conveyor.
Hydraulic thrust plates thrusting the shield to the excavation
support are located in the upper part. In the central thrust
part, hydraulic motors and hydraulic circuits with the machi-
ne controls are installed between two rings. In the end part
(the assembly part), reinforced concrete segments are placed
to the ring by means of a circumferential erector. A belt con-
veyor, transporting the muck to muck boxes placed on rail-
way undercarriages, passes through the shield centre. The
same undercarriages carry the lining segments in the opposi-
te direction. Transport is ensured by METALLIST electric
battery-driven locomotive moving on a single-track mine
railway with the track gauge of 600mm. An electrical lifting
gear OVJ 75 for vertical transport is installed at the pit bank
of the hoisting shaft. A chart of the complete technology is
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Tab. 1 Zdkladni technické parametry RKS 3,6

Vnitfni pramér plasté 3600 mm
Délka titu 4 625 mm
Tloustka plasté 20 mm
Hmotnost Stitu 26t
Hmotnost Stitového komplexu 32t
Pocet pfimocarych hydromotort 24 ks
Zdvih pistu hydromotoru 1000 mm
Tlaéna sila hydromotoru / Stitu 320 kN /7 680 kN
Maximalni pracovni tlak 16 MPa

Tento typ $titu byl puvodné konstruk&né navrZen pro raZbu
pfimych dsekd. Smérové zmény se provadély v mezilehlych
Sachtach (které musely byt dostate¢né velké) natoCenim $titu.
Tyto Sachty pak byly vystrojeny jako lomové. Zpusob ovlddd-
ni $titu (jednotlivych hydromotort) umoZiiuje smérové
i vySkové fizeni $titu. To se vyuZivalo zejména ke korekcim
drobnych vychylek od idedlni osy. Postupem casu diky naby-
vanym praktickym zkuSenostem obsluh a ovérenim moZnosti
zafizeni v riznych situacich se umoZnilo se smérovymi oblou-
ky poloméru nad 100 m uvazovat jiz pri projektovéani. Zde je
nutné uvést, Ze vedeni Stitu v oblouku je kromé vlastnosti hor-
ninového prostiedi ddno umem a citem obsluhy. Oblouk nelze
,naprogramovat“, ale je postupné tvarovan za stdlé geodetic-
ké kontroly. K vyto&eni §titu se vyuZivd kombinace ruzného
tlaku hydromotort na vnéjsi a vnitini stran€ oblouku, vkldda-
ni distan¢nich vlozek do vnéjSich spar v obezdivce (k jejich
vyrobé se pouzivaji cementotfiskové desky tl. 25-50 mm)
a pripadné i dpravou rozméru (délky) segmentu osténi vkldda-
nim vloZek do formy. Zacatek oblouku neni moZné navrhnout
tésn¢ za startovaci Sachtou, ale alespon 12 m za ni, protoZe
nejprve je tieba vybudovat alespon 4 kompletni prstence osté-
ni a az poté je mozné postupné naticet oblouk.

POSTUP VYSTAVBY A POZNATKY Z REALIZACE
STOKY A-1

Vlastni razba byla zahdjena v f{jnu 2014 z predem vyhlou-
bené startovaci Sachty SA-1-04. Sachta musela byt z divodu
zaCdtku smérového oblouku posunuta o 12 m oproti projekto-
vané poloze. Dno Sachty bylo pro osazeni Stitu upraveno
vybudovanim ,,kolébky“, kterd byla sestavena ze segmentu
osténi v rozsahu dolni poloviny profilu. Osténi v horni polo-
viné profilu bylo u Celni st€ny jaimy nahrazeno ocelovym roz-
nasecim svafencem.

Razba v oblouku se zpoddtku nedarila, $tit se nebezpené
priblizoval k prvni laguné. Byla pfijata technickd opatfeni ze
strany zhotovitele, byl zpomalen postup razby a poloha Stitu
se denn¢ geodeticky zamérovala a vyhodnocovala. Nakonec
se podarilo §tit pretolit, ale ve smérovém vedeni vznikla
odchylka az 8 m. Po konzultaci s projektantem bylo rozhod-
nuto, Ze puvodné navrZend trasa Stoly bude nahrazena dvéma
sloZenymi oblouky s tim, Ze novy pribéh bude v maximdlni
mife kopirovat puvodné projektovanou trasu. Porovndni pro-
jektované a skutené zrealizované trasy stoky je patrné z obr.
4. Zpétnym vyhodnocenim zrealizovaného prvniho oblouku
vychdzi polomér cca 60 m. Takovy polomér je uZ na hranici
moznosti technologie i osténi, kdy dochézi k drcen{ a praskdni
zejména rohu segmentu v misté jejich styku. Redlnd hodnota
proveditelného oblouku se pohybuje okolo 100 m.
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presented in Fig. 3 and the main technical parameters are
presented in Table 1.

The ring lining consists of trapeziform reinforced concre-
te segments. The lining elements are manufactured in the
Doplazy casting yard of the company of ZPSV, a. s., which
belongs to the OHL GROUP. Circumferential head joints are
of the tongued and grooved type. Each segment has an ope-
ning in the centre, which allows for handling and backgrou-
ting. The lining system is not structurally solved as
a waterproofing system. The impermeability of the lining
can be improved by filling the head joints with a putty and
injecting grout. The segmental lining usually fulfils the func-
tion of the primary lining and the waterproofing capacity (as
well as statics) of the completed structure is provided by the
final lining (travelling formwork) or an incorporated final
product carrier (a pipeline, a cable duct) and the filling of the
intermediate space.

Table 1 Basic technical parameters of the RSK 3.6 tunnelling sheet complex

Inner diameter in the wall building part 3,600mm
Sheet length 4,625mm
Skin thickness 20mm
Sheet weight 26t
Tunnelling sheet complex weight 32t
Number of linear hydraulic motors 24
Hydraulic motor piston throw 1,000mm
Hydraulic motor / shield thrust 320kN / 7,680kN
Maximum working pressure 16MPa

This shield type was originally designed for driving stra-
ight sections. Directional changes were carried out in shafts
(the dimensions of which had to be sufficient) by rotating
the shield. These shafts were subsequently provided with
support as break shafts. The system of controlling the shield
(individual hydraulic motors) allows for guiding the shield
line and level. It was used mainly for corrections of minor
deviations from the ideal axis. Over time, owing to the gat-
hered experience of operators and the verification of the
possibilities of the equipment in various situations, it beca-
me possible to assume directional curves with diameters
over 100m even in the design. Here it is necessary to men-
tion that guiding the shield on a curve depends, apart from
the properties of the ground environment, on the skill and
sense of the operator. A curve cannot be “programmed”; it is
step-by-step formed under continual checking by surveyors.
The shield rotation is carried out using a combination of dif-
ferent pressure of hydraulic motors on the outer side and
inner side of the curve, insertion of spacers into outer joints
in the lining (produced from chipboards 25-50mm thick)
and, if needed, modification of the dimensions (the length)
of the segments by means of inserts placed into the mould.
The beginning of the curve cannot be designed to be just
behind the launching shaft. The distance of at least 12m
behind it is needed because it is necessary to build at least 4
complete lining rings. Only then can rotating of the shield in
stages commence.

CONSTRUCTION PROCEDURE AND KNOWLEDGE
GAINED FROM THE REALISETION OF SEWER A-1

The shield tunnelling commenced in October 2014 by laun-
ching the shield from the in-advance-excavated launching
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Obr. 4 Porovndni projektované a skuteéné vyraZené trasy kanalizace
Fig. 4 Comparison of the designed and actually excavated sewerage route

V pocitcich razby se rovnéz vyskytl problém se zvySenou
drovni hladiny podzemni vody, kterd se objevovala v trovni
cca 0,6 m nad niveletou razené Stoly. Projekt na zdkladé IG
prizkumu uvazoval se sniZovdnim hladiny podzemni{ vody pro-
vedenim 18 ks hydrovrti umisténych na opa¢ném konci raze-
ného useku. Na zdklade zjisténych skuteCnosti v rdmci dopliu-
jictho hydrogeologického prizkumu bylo projedndno nové roz-
mistén{ vrtd a jejich navyseni o 6 na celkovy pocet 24 ks. Toto
opatieni jiz bylo pro bezpe¢ny prubéh praci dostate¢né. Pri
razbé v useku podél laguny dochazelo k pronikani popilku
s vodou do $toly. Po dohodé s provozovatelem laguny se poda-
filo snizit hladinu vody v laguné a poklesem hydrostatického
tlaku se vyresil i tento problém.

Dalsi necekanou piekdzkou v razbé byla piitomnost zbytku
stromu v&etné kofenu s pravidelnosti stromoradi v Celbé.
Drobnéjsi kofeny se dafilo ,,vyldmat® Skrabdkem. Ty masivn&jsi
se podarilo odstranit jen diky otevienému elu §titu, kdy vétSina
z nich musela byt po ¢éstech vyfezdvana motorovou pilou (obr. 5).

Price na razbach byly dokonceny v dubnu 2015, celkem trva-
ly zhruba 6,5 mésice (obr. 6). Razby byly provddény
v nepretrzitém 24hodinovém provozu od pondéli do patku. Na
vikend bylo provadéno plné zapazeni Celby. Osadka Stitu je
péti¢lennd, sloZend z preddka — operdtora, bagristy, fidi¢e loko-
motivy, obsluhy zdvihaciho zafizen{ a vazace. Primérny dosa-
hovany meési¢ni vykon byl cca 70 bm, $pickovy vykon za
sménu (11 hod) byl 6 prstencu (3 m).

Mezilehlé Sachty byly realizovdny jako nasazené. Hloubeni
bylo provadéno s odstupem cca 20 m po projeti Stitu. Po
vyhloubeni se §achty osadily zdvihacim zafizenim a pouzivaly
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shaft SA-1-04. The shaft had to be shifted by 12m in compa-
rison with the designed place because of the beginning of
a directional curve. The shaft bottom was formed to create
a “cradle” for the placement of the shield. The cradle was
assembled from lining segments reaching up to the middle of
the lining ring height. The lining in the upper half of the pro-
file was replaced at the front wall of the pit with a steel load-
spreading weldment.

Driving the tunnel on the curve was not successful in the
beginning; the shield dangerously approximated the lagoon
No.l. Technical measures were adopted by the contractor,
the shield advance rate was reduced and the position of the
shield was daily measured and assessed by surveyors.
Eventually, the shield was successfully rotated, but
a directional deviation up to 8m originated. After consulting
the designer, the decision was made that the originally desig-
ned route of the gallery would be replaced with two com-
pound curves and the new route would copy the originally
designed route to a maximum extent. The comparison of the
designed route and the really realised route is obvious from
Fig. 4. The back analysis of the radius of the first realised
curve resulted into the radius of ca 60m. Such a radius is
already at the border of possibilities of both the technology
and the lining, where mainly the corners of segments are
crushed and broken in the location of their contacts. The rea-
listic value of a viable curve radius fluctuates about 100m.

A problem with the increased level of the water table was
encountered at the beginning of the tunnel excavation. It
appeared at the level ca 0.6m above the mined gallery bot-
tom. The design assumed on the basis of the EG survey that
the water table would be lowered by the execution of 18
water boreholes located at the opposite end of the mined sec-
tion. The new layout of the boreholes and an increase in their
quantity by 6 holes, with the total number amounting to 24,
were negotiated on the basis of the new information gathered
within the framework of the supplementary hydrogeological
survey. This measure was already sufficient for the safe
course of the work. Fly ash with water penetrated to the gal-
lery when the section along the lagoon was being driven.
After reaching agreement with the lagoon operator, the level
of the water surface was lowered and, as a result of the hyd-
rostatic head decrease, even this problem was solved.

Another unexpected obstacle to the excavation lied in the
presence of remains at the heading, containing roots encoun-
tered with the regularity corresponding to the alley above the
excavation. Smaller roots could be “broken out” with
a scraper. The more massive ones could be removed only
thanks to the open front end of the shield, where the majori-
ty of the roots had to be cut out with a chain saw (see Fig. 5).

The tunnel excavation was finished in April 2015. In total,
it took ca 6.5 months (see Fig. 6). The excavation proceeded
in a continuous round-the-clock operation from Monday to
Friday. The excavation face was fully braced during wee-
kends. The shield crew of five consisted of a lead miner — the
shield operator, excavator operator, locomotive driver, lif-
ting gear operator and loads attaching person. The average
monthly advance rate reached ca 70lm, the peak performan-
ce per shift (11 hours) was 6 rings (3m).

Intermediate shafts were realised as set-on structures. The
excavation was carried out at a distance of ca 20m after the
passage of the shield. After the shaft excavation was finis-
hed, shafts were set on with the lifting gear and were used as
hoisting shafts. In this way the horizontal transport distance
in the underground was reduced.
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se jako tézni. Tim se zkrdtila vodorovna dopravni vzddlenost
v podzemi.

Nésledné vystrojeni Stoly sklolamindtovym potrubim
HOBAS DN 2400 rovnéZz vyzadovalo zkuSenost a duvtip pro-
véadgjiciho persondlu. Stola byla po vyrazeni presné zaméfena
a ve spolupréci s vyrobcem potrubi byl zpracovan presny kla-
decsky plan. Podle néj byly vyrobeny individudlni kusy potru-
bi v délkach 1,5-6 m. Nebylo zapotrebi vyroby lomovych tva-
rovek. Trouby, které byly fezdny s mirnym tkosem, byly pres-
né oznaCeny, aby nemohlo dojit k montazi v nespravné poloze.
Zavazeni potrubi bylo realizovdno po vybetonované kyneté
pomoci upraveného ru¢niho paletovaciho voziku v cele roury
a elektrického vysokozdvizného voziku na druhém konci roury
(obr. 7). Pokud doslo k pri¢nému pootoceni roury, musela byt
pred natlacenim do hrdla pomoci pripravku a dvojice hydrau-
lickych zveddka ustavena do sprdvné polohy. Po vzdélenostech
3 m byly roury fixovdny k ostén{ §toly prostfednictvim obruce
z ploché oceli a navarenych rozpér z betondrské oceli.

Zacerpavani cementopopilkovou suspenzi bylo provadéno
v dsecich mezi §achtami (cca 150 m). Ve $tole byly v predstihu
na osténi instalovany z obou krajnich Sachet dvojice plnicich
potrubi (levd i pravd strana mezikruZzi) z linedrniho PE DN 100.
Zacerpavani bylo provadéno postupné stiidavé z obou Sachet
pomoci pistové pumpy, kterd vytvdrela tlak na vystupnim
potrubi az 3 MPa a denné se zaCerpalo cca 80 m> smési.
Celkovd spotfeba byla cca 1400 m3, coz bylo vice oproti pied-
poklddanému mnoZstvi 1200 m3. Vznikld nadspotieba se dd
vysvétlit u¢inkem tlaku pumpy, kdy zrejmé dochdzelo pro-
stfednictvim otvort v segmentech ostén{ (ale i stynymi spara-
mi) k ¢aste¢nému vytlaceni smési za osténi $toly.

bt ul

Obr. 6 Vyjeti §titu do koncové Sachty SA-1 :1 0
Fig. 6 The shield exiting to the end shaft SA-1-10

Obr. 5 Odstrariovdni prekdzky (kmene stromu) v Celbé Stoly
Fig. 5 Removing an obstacle (tree trunk) at the excavation face

The subsequent installation of HOBAS DN 2400 glassfib-
re reinforced plastic (GRP) tubes in the gallery also required
experience and ingeniousness of the operating personnel.
After completion of tunnelling, the gallery was precisely sur-
veyed and an accurate tube-laying design was carried out in
collaboration with the tube manufacturer. Individual pieces
of the tubes at the lengths of 1.5-6m were produced accor-
ding to the design. The production of fittings for the break
points was not required. The tubes which were moderately
scarfed were accurately marked so that they could not be
installed in an incorrect position. The transport of the tubes
inside the tubing proceeded on a concrete cunette using
a modified manually-operated pallet-truck at the front end of
the tube and an electrical fork lift at the other end of the tube
(see Fig. 7). If angular rotation of the tube happened, the
tube had to be set to the correct position by means of a pair
of hydraulic jacks before being pressed into the tube socket.
The tubes were fixed to the gallery lining at 3m intervals by
means of a flat steel bar band and stay bars from concrete
reinforcement bars welded to it.

Pumping of cement-cinder suspension into the annulus
was carried out in the sections between shafts (ca 150m).

Obr. 7 ZavdZeni potrubi HOBAS DN 2400 do Stoly
Fig. 7 Transport of HOBAS tubes DN 2400mm to the gallery




Obr. 8 Osddka pred vytaZenym Stitem
Fig. 8 Tunnelling crew in front of the pulled-out shield

V rdmci monitoringu bylo provddéno méfeni poklesu pres-
nou nivelaci. V predpoklddané poklesové kotliné bylo osazeno
osm méfickych profild umisténych kolmo na osu Stoly.
V kazdém profilu byly stabilizovdny ¢&tyfi méfici body.
K nejvétsimu poklesim doslo logicky nad osou §toly, pri¢emZ
sednuti povrchu dosahovalo hodnot 50-70 mm, maximalni
naméfend hodnota &inila 98 mm. Velikost poklesu souvisi
s nemoznosti realizace vyplnéni prostoru mezi vnéj$im licem
prstencového osténi a vyrubem, protoze s posunem §titu dochd-
zelo k bezprostrednimu dotlaceni horniny na osténi. Vzhledem
k umisténi $toly v biehu laguny necinil vznikly pokles problém
a nebylo treba jej fesit.

ZAVER

Pri realizaci této stavby se potvrdilo, jak je duleZité pro
zamys$leny zdmér navrhnout vhodnou technologii. Rovnéz se
ukazalo, Ze i zdanliveé prekonand technologie ma stéle co nabid-
nout, i kdyZ vykonem se nemuZe s modernimi plné mechanizo-
vanymi razicimi stroji méfit. Za hlavni prednosti lze uvést
pomérné rychlou a ekonomicky méné ndro¢nou mobilizaci, niz-
kou energetickou naro¢nost provozu, moznost provddéni ,,ruz-
nych operaci* na Celbé. BohuZel se stafim technologie starnou
i zkuSené osddky. Preddni zkuSenosti mlad$im generacim je
problematické z divodu spiSe ojedinélych prileZitosti k pouZiti
této technologie. Nicmén¢ bez ohledu na konkrétni typ ¢innos-
ti, i zde se ukézalo, Ze nezbytnou podminkou k dspésné realiza-
ci je vlastnf kvalifikovany a zkuSeny persondl (obr. 8).
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Pairs of filling pipelines (left side and right side of the annu-
lus) from linear PE DN 100 were installed in advance on
the gallery lining. The annulus was filled in steps, alternate-
ly from both shafts, by means of a piston pump producing
the pressure in the outlet pipeline up to 3MPa; ca 80m? of
the mixture were pumped every day. The total consumption
amounted to 1400m?, which was approximately by 1200m?
more than expected. The overconsumption can be explained
by the effect of the pump pressure, where the mixture was
probably partially forced behind the gallery lining through
openings in the lining segments (but also through head
joints).

Surface settlement was measured within the framework of
the monitoring by means of precision levelling. Eight mea-
surement profiles oriented perpendicularly to the gallery
centre line were installed in the anticipated settlement
trough. Four measurement points were stabilised in each
profile. Logically, the largest settlement values were measu-
red above the gallery centreline. The surface settlement valu-
es reached 50-70mm; the maximum measured value was
98mm. The great magnitude of the settlement is associated
with the impossibility to fill the space between the outer sur-
face of the ring lining and the excavation face because of the
fact that ground crept and touched the lining immediately
after the sheet moved ahead. With respect to the gallery loca-
tion in the lagoon bank, the originated settlement caused no
problem and it was not necessary to deal with it.

CONCLUSION

It was confirmed during the realisation of this construction
how important it is for a planned project to design a suitable
technology. It also turned out that even a seemingly overco-
me technology has still got things to offer, even if its perfor-
mance cannot compete with modern mechanised tunnelling
sheets. As the main advantages it is possible to name the
relatively quick and economically less demanding mobilisa-
tion, low energy demands of the operation, the possibility of
carrying out “various operations” at the excavation face.
Unfortunately, experienced crews get older with the techno-
logy growing old. Passing experience on to younger genera-
tions is problematic because the opportunities for the appli-
cation of this technology are rather rare. Nevertheless, wit-
hout respect to a particular type of activity, it turned out even
in this case that company’s own qualified and experience
personnel are a necessary condition for successful realisati-
on (see Fig. 8).
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VYSLEDKY VYZKUMU HYDRAULICKEHO STEPENI HORNIN
RESULTS OF THE ROCK HYDRAULIC FRACTURING RESEARCH PROJECT

HANA JIRAKOVA, VACLAV FRYDRYCH, JAN VINTERA, OTAKAR KRASNY, MICHAL VANECEK

ABSTRAKT

V rdmci vyzkumného projektu STIROMAS byla testovdna metoda hydraulického Stepent, kterd md Sirokou Skdlu vyuZiti, od podzemniho sta-
vitelstvi aZ po ziskdvdni geotermdlni energie uloZené v hlubokych horninovych formacich. Uéelem vyzkumu bylo ové¥it vétsi iicinnost nové vyvi-
nuté metody hydraulického Stépeni zaloZené na pulznim buzeni tlaku oproti béZné pouZivané metodé s linedrnim ndriistem Stépiciho tlaku. Za
timto icelem probéhly testy jak v linedrnim, tak v pulznim reZimu pomoci specidlné vyvinutého zarizeni. Pro ziskdni zdkladnich poznatkii a para-
metrii vlivu pulzniho hydraulického Stépeni probéhlo testovdni obou metod nejprve v laboratornim méritku na mikrovzorcich tvaru vdlce o pri-
méru podstavy 96 mm a vysSce 200 mm. V této etapé byly srovndvdny obé metody hydraulického Stépeni na odlisnych horninovych typech z rad
metamorfovanych, vulkanickych a magmatickych hornin a zdrover na vzorcich standardizovaného betonu jakoZzto referencnim vzorku. V dalsim
kroku byly zkousky realizovdny na makrovzorcich, krychlich o vétsim objemu (1 m3 a 0,125 m3), na betonech a vybranych horninovych typech
testovanych v predeslé etapé. V zdvérecné fdzi projektu se uskutecnilo testovdni v in-situ podminkdch v horizontdlnim vrtu, &imZ byla potvrze-

na pouZitelnost metody i v redlném horninovém prostiedi. Ve vSech testovanych méritcich byla potvrzena vetsi iicinnost pulzniho Stépent oproti
linedrnimu a tim potvrzena puvodni hypotéza projekiu.

ABSTRACT

The research project STIROMAS was aimed at testing of hydraulic fracturing method having a wide range of applications, from the underg-
round construction to the exploitation of geothermal energy stored in deep rock formations. The purpose of this research was to verify higher effi-
ciency of the newly developed hydraulic fracturing method based on pulse pressure generation compared to commonly used method based on line-
ar pressure increase. Therefore, series of hydraulic tests was carried out both in the linear and the pulse mode, using an apparatus specially deve-
loped for this purpose. In order to obtain the basic knowledge and parameters of the influence of the pulse hydraulic fracturing, both methods
were tested first in laboratory scale on micro-samples having a cylindrical shape with base diameter of 96mm and a height of 200mm. At this
stage, hydraulic fracturing was tested on different rock types including metamorphic, volcanic and magmatic rocks as well as samples of stan-
dardized concrete as a reference sample. Hydraulic tests were in the next step performed on macro-samples, cubic samples of a larger volume
(Im3 and 0,125m3) including concrete and selected rock types tested in the previous stage. The final phase of the project was focused on in-situ
tests, in a horizontal borehole, thereby confirming the applicability of the method in the real rock environment. All tested scales confirmed hig-
her efficiency of pulse fracturing compared to linear fracturing and thus confirmed the initial hypothesis of the project.

uvob

Vyzkum hydraulického §tépeni hornin byl néplni projektu STI-
ROMAS (STImulation of ROck MASsif) — Stimulace horninové-
ho masivu pro vytvoreni puklinového rezervodru pro jimani geo-
termdlni energie. Ndpln a ivodni faze projektu byly predstaveny
jiz difve, a to ve 21. ro¢niku ¢asopisu Tunel, ¢. 4/2012. Tento ¢la-
nek je zaméfen na celkové shrnuti vyzkumnych aktivit a jejich
hlavnich zdvéra.

Metoda hydraulického $t€peni predstavuje netradi¢ni zpusob
rozruSovani hornin bez trhacich praci vedouci ke zvySeni Cet-
nosti puklinové site, kterou Ize pouZit jak v podzemnim stavitel-
stvi, tak pfi Cinnostech provddénych hornickym zpusobem.
V soucasnosti se 0 metodé hydraulického §tépeni mluvi nejen
v souvislosti s tézbou bridlicového plynu, ale stdle Castéji
v souvislosti s vyuZivdnim geotermdlni energie metodou Hot-
Dry-Rock. Aplikace metody Hot-Dry-Rock pro ziskdvani geo-
termdlni energie je zndmd od 70. let 20. stoleti, avSak aZ do dnes-
ni doby je jeji praktické uplatnéni stile omezené. Ve svéte dosud
probéhlo nékolik pokusnych projektu, z nichz mald st byla
uspesné prevedena do vyrobni faze.

Vyzkum byl zaméren na overeni schopnosti a efektivity vytvo-
fit puklinovou sit’ hydraulickym $t€penim za pasobeni pulzniho
tlaku a poukazat na rozdil mezi linedrnim a pulznim zpusobem
hydraulického §tépeni. Vyzkum zahrnoval jak laboratorni testy
v mikroméfitku a v makroméfitku provadéné na ruznych typech
horninovych vzorku, tak i vyzkum in-situ v podzemn{ laboratofi
Stoly Josef. Poéty realizovanych hydraulickych testd v jednot-
livych méfitcich jsou uvedeny v tab. 1.

INTRODUCTION

The research on rock hydraulic fracturing was subject of the project
STIROMAS - STImulation of the ROck MASsif to establish
a fracture reservoir for capture of geothermal energy in the hot-dry-
rock system. The focus of the project as well as the initial stage of the
project was introduced earlier, in Tunel magazine, volume 21, No.
4/2012. This article aims at summarizing the research activities and
main conclusions.

Method of hydraulic fracturing represents unconventional method
of rock massif fracturing without use of explosives that is used to
enhance the fracture network density commonly used in underground
construction industry or for works using mining techniques. The met-
hod of hydraulic fracturing is nowadays commonly discussed not only
in the context of shale gas exploitation but also in the context of geot-
hermal energy exploitation using hot-dry-rock (HDR) technology.
Although the application of the HDR has been known since 70’s of the
20th century, the commercial use is nowadays still very limited. A few
experimental projects have been carried out throughout the world,
only few of them were turned over the production phase.

The research was led to verify the ability and efficiency of the frac-
ture network development by hydraulic fracturing method using pulse
pressure and identify the difference between linear pressure develop-
ment and application of pulse pressure during the hydraulic stimulati-
on. The research included laboratory tests in micro-scale and macro-
scale on various rock types as well as in-situ tests in the Josef underg-
round laboratory. The amount of executed hydraulic tests at each scale

is given in Table 1.
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Tab. 1 Piehled testovanych vzorki a hydraulickych zkouSek
Table 1 Overview of tested samples and hydraulic tests
Horninovy typ Ptvod vzorku Pocet hydraulickych  Mikrovzorky Makrovzorky In-situ
Sample origin zkousek Micro-samples Macro-samples
Rock type Number of hydraulic
tests
Metamorfity / Metamorphic rocks
Pararula kvarciticka / Quartzite paragneiss Téchobuz 11 > =
Pararula migmaticka / Migmatite paragneiss Bilkovice 11 4 -
Spilit / Spilite Sykofice 12 - -
Ortorula / Orthogneiss Predklastefi 7 - -
Amfibolit / Amphibolite Markovice 11 4 -
Magmatity / Magmatic rocks
Granit / Granite Mokrsko — Stola Josef 13 - ®
Panské Dubenky 11 8 -
Vulkanity / Volcanic rocks
Ryolit / Rhyolite Malé Zernoseky 10 4 -
Bazalt / Basalt Dobkovicky 12 - -
Dacit / Dacite Mokrsko — $tola Josef 13 - 5
Referenéni vzorek / Reference sample
Beton / Concrete Subterra a. s. 11 4
Celkem / Total 122 24 5
POUZITA TECHNOLOGIE APPLIED TECHNOLOGY

V prubéhu feSeni vyzkumného projektu STIROMAS byla vyvi-
nuta odpovidajici technologicka zafizeni k provadéni testu hyd-
raulického $tépeni hornin v jednotlivych méfitcich, tj. mikrovzor-
ki, makrovzorkd a v prostfedi in-situ (obr. 1). Stépici zafizeni je
schopno fizené pusobit hydraulickym tlakem, udrZzovat ho na zvo-
lené drovni a aplikovat pulzy o zvolené amplitudé a frekvenci. Pro
privod Stépici kapaliny je do geometrického stiedu zkouseného
vzorku realizovdn centricky predvrt, ktery je odclonén stinici tru-
bic¢kou tak, aby k tlakovani vzorku dochdzelo pouze ve vnitin{
oblasti. V piipadé zkousek mikrovzorka byla zdmérem téZ simu-
lace skutecnych napjatostnich podminek horninového masivu,
které umoznovala tlakovd komora, do které byl vzorek umistén
(obr. 1).

Zatizeni generujici hydraulicky tlak pro zkousky mikro-
a makrovzorkd se sklddd z hydraulického zdroje statického
a pulzniho tlaku, fidictho a napdjectho rozvadéce a provozniho
zdsobniku zdroje vody. Zafizeni je vybaveno snimacimi
a zdznamovymi prvky, které umoznuji kontinudlni sledovani
a zdznam udaju probihajici zkousky v intervalu 0,5-1 s. Zafizeni
umoznuje zatéZovani pracovnim hydraulickym tlakem do trovné
45 MPa a konstantnim tlakem na plast vzorku az 12,5 MPa. Tlak
je mozno kdykoli béhem zkouseni snizit na 0 MPa. Systém je
doplnén o generitor pulzi o amplitudé cca 5 MPa s nastavitelnou
frekvenci pulzu.

Zatizeni pouZité pro testy in-situ slouzilo k vytvoreni hydrau-
lického tlaku a vyvoldvén{ hydraulickych rdza v prostredi vyplné-
ném tlakovou vodou. Zafizeni pro testy in-situ umozZnuje regulo-
vatelny nérust tlaku a udrzovani na konstantni hodnoté aZ do cca
45 MPa. Zafizen{ je navic doplnéno generatorem tlakovych pulzu
s moZnosti nastaveni poZadované frekvence a hydraulickym
systémem s regulovatelnym prutokem vody hodnoty min. 0,1 Is.

It was necessary to develop the appropriate technology to be used
for hydraulic fracturing tests at each scale, i.e. micro-samples, macro-
samples and in-situ (Fig. 1). The technology for hydraulic fracturing
enables to develop a hydraulic pressure in a controlled manner, keep
the pressure on the particular level and apply pulses with adjustable
amplitude and frequency. A centric bore was drilled in the geometric
centre of each tested sample in order to provide the supply of the hyd-
raulic fluid into the sample. This centric bore was equipped with
a tube ensuring the pressuring in the very inner part of the sample.
Moreover, the micro-sample testing was enriched by simulation of
real stress conditions using the pressure chamber in which the sample
was placed (Fig. 1).

The apparatus generating the hydraulic pressure applied for micro
and macro-samples consists of hydraulic source of static and pulse
pressure, main and supplying distribution board and operational water
reservoir. The apparatus is equipped by captors and recording compo-
nents enabling continuous data monitoring and recording during the
fracturing test in the interval 0.5—1s. The apparatus is designed to
develop working pressure up to 45MPa and constant pressure on the
sample mantle up to 12.5MPa. The pressure can be lowered to OMPa
at any time. The whole system is enriched by pulse generator with the
amplitude of 5MPa and adjustable frequency.

The apparatus used for in-situ tests was adjusted for generation of
hydraulic pressure and pulses in the environment saturated with pres-
sure water. The apparatus enables a controllable pressure increase and
keep the pressure on a constant level up to approx. 45MPa.
Additionally, the apparatus includes the pulse generator with the set-
ting option for required frequency and hydraulic system with control-
lable flow rate with min. value of 0.1L/s. The apparatus equipment
enables to monitor working regimes including record on computing
technology for further processing.
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Obr. 1 Zarizeni pouzité pro testovdni mikrovzorkii a makrovzorkii s tlakovou komorou pro usazeni mikrovzorku (vlevo) a zarizeni pouZité pro testovdni in-situ (vpravo)
Fig. 1 Apparatus applied for micro and macro-sample testing with pressure chamber for the micro-sample emplacement (left) and for testing in-situ

Vybava zafizeni umoZiuje sledovat prabéh pracovnich reZimi
véetné zdznamu na vypocetni technice pro dalsi zpracovani.

Nezbytnym hlediskem pro vlastni konstrukci byla jednak bez-
pec¢nost obsluhy a také pracovni prostiedi pri nasazeni zarizeni
v podzemnich dilech. Zarizeni bylo pouZivano v podzemnich pro-
storach $toly Josef, a tedy bylo nutné, aby spliiovalo vlastnosti pro
pouZiti v podzemi ve smyslu vyhldsky 55/1996 Sb.

HYDRAULICKE STEPENI NA MIKROVZORCICH

Pro vyzkum mikrovzorku byly vytvofeny sady vzorku od jed-
notlivych vybranych geotypli v jednotné geometrii vilce
o pruméru 96 mm a vysce 200 mm. Cést vzorka byla pouZita pro
standardn{ laboratorn{ testovani geomechanickych parametru jed-
notlivych geotypt s cilem popsat pevnostné-deformaéni paramet-
ry a umoZnit ndslednou korelaci téchto parametra se zjist€nymi
$tépnymi pevnostmi. Cast vzorkl byla pouZita pro zkousky hyd-
raulickym Stépenim, a to jak v linedrnim reZimu, tak v pulznim
rezimu pusobeni tlaku. Testovdno bylo celkem 10 horninovych
typt a referencni vzorek prostého betonu tiidy C30/37.

Metodika testovani mikrovzorka byla rozdélena do tif &4sti:

1. Prvni &ast zahrnuje tvodni $tépici zkousku, kterd slouzi

k urceni hodnoty 1. iterace kritického tlaku Qerit, kterd byla
dale pouZita pro navrh pribéhu linedrni zkousky. Uvodni
Stepici zkouska probihd pri komorovém tlaku P1= 2,5 MPa

Tab. 2 Prehled vysledki hydraulického $tépeni mikrovzorki
Table 2 Overview of hydraulic fracturing results for micro-samples

The necessary aspect for the device construction itself was the safe-
ty during operation and also the apparatus emplacement in underg-
round spaces. The technology was used in the Josef underground labo-
ratory and therefore the Decree No. 55/1996 Coll. had to be fulfilled.

HYDRAULIC FRACTURING OF MICRO-SAMPLES

Sets of samples from different rock types were prepared for testing
in micro-scale. All samples were cylindrical with diameter of 96mm
and height 200mm. Part of the samples were used for standard labo-
ratory testing of geomechanical parameters of individual rock types
with the aim to describe stress-strain parameters and enable their sub-
sequent correlation with detection of fracturing strength. The other
part of samples was used for hydraulic testing both in linear and pulse
pressure regime. Ten different rock types and a concrete sample of the
C30/37 class were tested.

Methodology of micro-sample testing was divided into three phases:

1. The first phase included the initial fracturing test to determine

the value of 1st critical pressure iteration Qcrit that was further
used for designing of linear test. The initial fracturing test was
executed under background pressure P1=2,5MPa (simulating
natural geostatic stress effecting the rock at the experimental
site, corresponding to 100m of overlying rock formation) and
constant linear pressure increase with the velocity 0,1MPa/s

Horninovy typ Prosty tlak PFicny tah Q [MPa]
Rock type Simple compression Lateral tension Linearni Pulzni
[MPa] [MPa] Linear Pulse
Pararula kvarciticka / Quartzite paragneiss 103,6 / 103.6 8,38 /8.38 26,5/26.5 20,28 /20.28
Pararula migmaticka / Migmatite paragneiss 68,1/68.1 44/44 14,27 /14.27 10,2/10.2
Ryolit / Rhyolite 46,6 / 46.6 4/4 18,93 /18.93 16,91/ 16.91
Spilit / Spilite 104,9/104.9 72172 14,91 /14.91 13,77 /13.77
Dacit / Dacite 169,5/169.5 9,1/941 22,84 /22.84 17,21 /17.21
Granit / Granite — Panské Dubenky 159,75/ 159.75 8,1/8.1 15,77 /1 15.77 13,8/13.8
Amfibolit / Amphibolite 174,3/174.3 11,1/11.1 16,24 /16.24 12,13/12.13
Granit / Granite  Mokrsko — Stola Josef 115,52 / 115.52 6,48 /6.48 15,93 /15.93 14,64 / 14.64
Bazalt / Basalt 182,93/ 182.93 6,63 /6.63 17,98 /17.98 17,37 /17.37
Ortorula / Orthogneiss 124,7 /1247 13,48/13.48 20,12/20.12 17,6 /17.6
Beton / Concrete 415/415 25/25 14/14 12,8/12.8
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Obr. 2 Typovy prubéh pulzni §tépici zkousky mikrovzorku
Fig. 2 Design of pulse fracturing test micro-samples

(simulujici pfirozené geostatické napéti pusobici na horninu
v misté vyzkumu, odpovidd cca 100 m nadlozi skalnich hor-
nin), za konstantni rychlosti linedrniho narastu tlaku
0,1 MPa/s, az do poruseni vzorku. Poruseni vzorku je indi-
kovano prokazatelnym propojenim a tlakovym ovlivnénim
hydraulickych systéma komorového a §tépiciho pracovniho
tlaku.

2. Druhd ¢&ast zahrnuje provedeni linedrni $tépici zkouSky
pro urCeni linedrniho Stépiciho tlaku Qiin. Navrh prabéhu
linedrni §tépici zkousky se primo odviji z hodnot Qcrit ziska-
nych béhem dvodni $tépici zkousky. V idedlnim pripadé je
linedrni §tépici zkouska rozdélena do ti{ stupnu liicich se
navzdjem drovnémi pusobeni pracovniho tlaku na zkouseny
vzorek. Uvodni stupen je definovéan na hodnoté 0,5 Qerit, sta-
novené z dvodni $t€pici zkousky. Prvni stupen je zvySen
o dal8ich 0,25 Qcrit a shodnym zpusobem se postupuje pri
tretim stupni vuci druhému.

3. Posledni ¢ast pak zahrnuje provedeni pulzni $tépici zkousky,
kterd slouzi k uréeni hodnoty pulzniho $tepiciho tlaku Qpuise.
Prubéh pulzni §tépici zkousky je totozny s linedrni §tépici
zkouskou. Pouze na Céstech zkousky s pasobenim konstant-
niho pracovniho tlaku je aplikovdno pulzni pusobeni tlaku
(obr. 2).

V pripadé pulznich zkousek bylo zjisténo, Ze k poruseni mikro-
vzorkl dochdzi pfi niz8ich tlacich neZ v pfipad€ linedrnich zkou-
Sek — $tépné pevnosti jsou tedy nizsi. Etapa zkouSeni mikrovzor-
ka byla statisticky nejbohats§i ¢dst vyzkumného tkolu (vice neZ
120 testovanych vzorkd), coZ umoZnilo statistické zpracovéani
datovych soubort s dostateCnou vypovidaci schopnosti. Ze statis-
tického zhodnoceni vyplyvd, Ze u viech zkousenych geotypt jsou
hodnoty linedrnich §tépnych tlaka v praméru o 18 % vyssi neZ tla-
kové tirovné u pulzniho zptisobu naméhdni mikrovzorka (obr. 3).

HYDRAULICKE STEPENI NA MAKROVZORCICH

Vybér horninovych reprezentantti makrovzorku byl zaméfen na
identické horninové typy ze stejnych lokalit, které byly zkouSeny
v mikroméfitku (tab. 1). Makrovzorky mély geometrii krychli ¢i
kvadra o objemu 0,125 m? (rozmér cca 0,5x0,5x0,5 m) a 1 m3
(rozmér cca 1x1x1 m). Ugelem etapy zkouseni makrovzorki bylo
teoretické propojeni etapy mikrovzorka a zkousek v in-situ pro-
stfedi. Objem makrovzorku je jiz natolik veliky, Ze aZ

until the rupture of the sample, i.e. until the fracture develops.
The sample fracturing is indicated by provable interconnection
and pressure influence of hydraulic systems of background and
fracturing working pressure.

2. The second phase included execution of linear fracturing test in
order to determine linear fracturing pressure Qlin. Design of the
linear test was based on Qcrit values acquired in the previous
phase of the initial test. Optimally, the linear fracturing test was
divided into three steps distinguished by different levels of deve-
loped working pressures on the sample. Initial step was defined
at the level 0.5Qcrit. Next step was increased by 0.25Qcrit and the
same method was applied for the following step.

3. The third phase represented a pulse test used for determination of
pulse fracturing pressure Qpuise. The progress of the pulse test was
identical with the linear test with the difference that the sections with
constant pressure were replaced by application of pulses (Fig. 2).

It was observed that during pulse fracturing test the development of
fractures in micro-samples occurs at lower pressures than in the case
linear tests — fracturing strengths were lower. Micro-sample testing was
statistically the most representative testing of the whole research pro-
ject (more than 120 samples tested) leading to reliable statistical inter-
pretation of data sets with sufficient reliability. Statistic shows that all
tested rock types revealed during linear testing fracturing pressure level
higher by 18% compared to pulse pressuring of micro-samples.

HYDRAULIC FRACTURING ON MACRO-SAMPLES

Selection of rock representative macro-samples was aimed at iden-
tical rock types that where tested in micro-scale from identical sam-
pling sites (Table 1). Macro-samples were of cubic or cuboid shape
having volume 0.125m? (approx. 0.5x0.5x0.5m) and 1m? (approx.
Ix1x1m). The purpose of the macro-sample testing was a theoretical
connection between the phase of micro-samples and in-situ. The volu-
me of macro-sample was generally so significant that rocks revealed
system of natural fracturing definitely predisposed and being the wea-
kest point of the sample. This was the reason to include a set of conc-
rete macro-samples representing a homogenous etalon without natu-
ral fracturing factor.

Design of hydraulic test for macro-samples was similar to design
of micro-sample tests. Pressure levels were selected with smaller
pressure differences between the levels compared to the micro-sam-
ple testing. The constant pressure level duration was for both linear
and pulse tests 180s. The pulse frequency was set at 1Hz and the
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na vyjimecné geotypy obsahuji jednotlivé bloky systém prirozené
puklinatosti, ktery je jednozna¢né predisponovanym a oslabenym
mistem. Z tohoto duvodu byly do testovani zarazeny i sady mak-
rovzorku z prostého betonu, které mély poslouzit jako homogenni
etalon nezatizeny faktorem prirozené strukturni puklinatosti.

Zatézovaci kfivka zkouSek makrovzorkt byla navrZena podob-
né jako u zkousek mikrovzorka. Jednotlivé zatéZujici stupné byly
oproti zkouskdm u mikrovzorku zvoleny s mensim tlakovym roz-
dilem mezi jednotlivymi stupni. Doba drZeni tlaku pfi jednotli-
vych stupnich jak pro linedrni, tak pulzni zkousku byla stanovena
na 180 s. Frekvence pulzace byla 1 Hz a amplituda pulzu
v optimdlnim pfipadé dosahovala maximalné poloviny hodnoty
rozdilu mezi jednotlivymi stupni. Pro pokro&ilé zpusoby vyhod-
noceni zkousek byly méfeny akustické emise vznikajici pfi poru-
Sovani makrovzorku v prubéhu jejich hydraulického $tépeni.

Za d¢elem ovéfeni miry rozvolnéni horninovych a betonovych
makrovzorka hydraulickym $tépenim byly na kazdém vzorku pro-
vedeny dvé série vodnich tlakovych zkousek, a to pred a po hyd-
raulickém $tépeni.

Etapa zkouSeni makrovzorku nebyla statisticky tak bohatd jako
etapa zkouSeni mikrovzorku (24 testovanych makrovzorku), coZ
umoznilo statistické zpracovéni datovych soubori pouze
s omezenou vypovidaci schopnosti. V pripadé betonu statistické
vyhodnoceni zkouSek na makrovzorcich ukdzalo, Ze ucinnost
pulzniho §t€peni je také o cca 18 % vyS§i oproti linedrnimu zpa-
sobu. V pripadé horninovych typt byly vysledky vyznamné ovliv-
nény existujicim systémem tektonickych diskontinuit, ktery na
relativné malém statistickém souboru odchylil primérnou vyhod-
nost pulzniho §tépeni oproti linearnimu na hodnotu 8 %. Pokud se
vezmou v potaz pouze tektonicky neporuSené geotypy (granity,
ryolity), tak hodnoty ucinnosti se pohybuji na stejné hodnote
18 %. Tento zdvér neptimo podporuji i vysledky provedenych
vodnich tlakovych zkousek makrovzorku. Ve vétsiné pripadu bylo
hydraulickym S$tépenim dosazeno vy$$i hodnoty propustnosti
vzorku v pulznim reZimu zkousek.

HYDRAULICKE STEPENI IN-SITU

Hlavnim cilem in-situ $tépicich zkousek bylo ovéfeni t¢innosti
pulzniho zpusobu Stépeni v redlném horninovém prostredi.
Geometrické a napjatostni usporadani pokusného pracoviste je
velmi blizké podminkdm v redlném vrtu. Zkousky in-situ byly
realizovany v prostredi vulkanickych metamorfovanych hornin —
dacitu v rozrdZzce SP4 v podzemni laboratofi Josef. K vlastnimu
hydraulickému §tépeni byl vyvrtdn horizontdlni vrt ST-2. V jeho
okoli byly realizovany 4 horizontalni monitorovaci vrty. Vsechny
vrty maji délku 5 az 10 m a primér 102 mm. Do monitorovaci sité
byl pfidén i jiz existujici loZiskovy pruzkumny vrt s hloubkou vice
neZ 100 m. Pozice vrtu je zfejmd z obr. 4.

Pro ovéfeni stavu vrtd, puklinatosti horninového masivu
a dal§ich parametrt byla ve vrtech provedena akustickd karotdz,
kamerové sondovani a vodni tlakové zkousky.

Do vnitiku vrtu ST-2 byl osazen dvojity pakr, ktery zajistil
pusobeni §tépiciho tlaku jen na dil&i dsek vrtu o délce 25 cm.

Tab. 3 Prehled vysledkiu hydraulického $tépeni makrovzorki
Table 3 Overview of hydraulic fracturing results for macro-samples

TuHel

pulse amplitude reached in the ideal case maximally half of the dif-
ference value between the levels. Moreover, the measurement of
acoustic emissions originating during the hydraulic fracturing was
carried out for advanced interpretation.

Each sample was subjected to two series of water pressure tests —
before and after the hydraulic fracturing tests in order to verify the
degree of rock / concrete samples fracturing caused by hydraulic sti-
mulation.

The phase of macro-sample tests was not as statistically rich as the
phase of micro-samples (24 samples tested). This enabled the statisti-
cal data processing only with limited reliability. However, the statisti-
cal processing of concrete macro-samples data shows that the effici-
ency of pulse pressuring was approx. by 18% higher compared to line-
ar pressuring which corresponds to results of micro-scale testing.
Results from rock types were significantly influenced by existing sys-
tem of tectonic discontinuities considerably affecting the advantage-
ousness of pulse fracturing compared to linear fracturing, the value of
pulse fracturing efficiency was 8%. However, considering those rock
types with no pre-existing tectonic fractures (granites, rhyolites), the
efficiency reached again value of 18%. This conclusion could be indi-
rectly supported by results acquired from water pressure tests on
macro-samples. In most cases, higher permeability was reached by
hydraulic pressuring in pulse regime.

HYDRAULIC FRACTURING IN-SITU

Principle objective of in-situ hydraulic test was to verify the method
of pulse hydraulic fracturing in real rock environment. Geometrical
and stress configuration of the experimental workplace is near to con-
ditions in a borehole. In-situ tests were carried out in volcanic meta-
morphic rocks — dacites in SP4 side drift in Josef underground labo-
ratory, in the central horizontal borehole ST-2. Four more horizontal
boreholes were drilled for monitoring purposes around the central
borehole. All boreholes were 5-10m deep having a diameter 102mm.
Old existing deposit borehole 100m deep was added to the monitoring
system. Position of boreholes is displayed in Fig. 4.

A set of measurements such as acoustic logging, TV-camera and
water pressure tests was carried out in boreholes in order to verify
borehole technical conditions, rock massif pre-existing fracturing and
other parameters.

The inner part of the ST-2 borehole was equipped by double packer
ensuring the effect of the fracturing pressure on the partial part of bore-
hole in the length of 25cm. The apparatus enabled to monitor and
record the working pressure development, temperature and flow rate
of the fracturing fluid during the experiment. Surrounding monitoring
wells were at the well mouth sealed with a simple packer with pressu-
re sensors allowing the detection of pressure fracturing fluid in wells.

Methodology of hydraulic fracturing tests in-situ was developed on
the basis of experiences gained during the experiments in micro and
macro-scale. The design of the in-situ test is based on designs of pre-
vious micro and macro-sample tests. Pressure levels correspond to test
of dacite during micro-sample testing as these rocks were identical
rock type with rock massif in Josef underground laboratory and the

Horninovy typ Prosty tlak Pficny tah Q [MPa]
Rock type Simple compression Lateral tension Linearni Pulzni
[MPa] [MPa] Linear Pulse
Pararula migmaticka / Migmatite paragneiss 68,1/68.1 44/44 11,35/11.35 12,99/12.99
Amfibolit / Amphibolite 46,6/ 46.6 4/4 8,53/8.53 9,16/9.16
Granit nealterovany / Granite — not altered 159,75/ 159.75 8,1/8.1 99/9.9 6,3/6.3
Granit alterovany / Granite — altered 159,75 / 159.75 8,1/8.1 10,8/10.8 9/9
Ryolit / Rhyolite 174,3/174.3 1,1/11.1 7,42/7.42 5,62/ 5.62
Beton / Concrete 415/415 25/25 7,48 /7.48 5,76 /5.76
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Obr. 3 Vyhodnoceni linedrnich (zelené) a pulznich (Cervené) $tépnych pevnosti (HFS — Hydraulic Fracture Strength) jednotlivych geotypu na mikrovzorcich
Fig. 3 Interpretation of linear (green) and pulse (red) fracturing strengths (HFS — Hydraulic Fracture Strength) of different rock types on micro-samples

Zatizeni umoZnilo sledovani{ a zdznam prubéhu pracovniho tlaku,
teploty a prutoku $t€pici kapaliny béhem zkousky. Okolni moni-
torovaci vrty byly u svého dsti utésnény jednoduchymi pakry
s tlakovymi ¢idly umoZnujici detekci a zdznam pruniku tlakové
Stépici kapaliny do nékterého z téchto vrtu.

Metodika hydraulickych Stépicich zkousek v prostiedi in-situ
byla vyvinuta na zdkladé zkuSenosti se $t€penim mikrovzorki
a makrovzorku ziskanych v predchozich etapach projektu. Ndvrh
tlakové kiivky prubéhu zatéZovéni vrtu vychdzi z tlakovych kii-
vek mikrovzorki a makrovzorku. Tlakové drovné jsou obdobné
jako u zkousek mikrovzorka metadacitu, a to vzhledem k pouZiti
identického geotypu a aplikaci komorového napéti 2,5 MPa, které
se shoduje s teoretickymi predpoklady geostatického napéti
v horninovém masivu v oblasti rozrazky SP-4. Céste¢nd modifi-
kace prubéhu zkousky umoznila soucasné odzkouSeni obou typa
Stépeni (pulzni, linedrni) na jednom testovaném tseku. Tlakova
krivka je zobrazena na obr. 5.

V ramci testovani metody pulzni hydraulické $tépici zkousky
v in-situ prostfedi bylo provedeno na vrtu ST-2 celkem 5 zkouSek
v hloubkovém intervalu vrtu od 4,4 do 7,8 m. Hloubkové interva-
ly byly vybrdny na zdkladé vysledku vodnich tlakovych zkousek
v misté nejmensiho poruSeni horniny a na zdkladé geomechanic-
kého modelovani $ifen tlakovych projevi v horninovém masivu.

Namérend data z vlastniho §tépeni, ovérovacich hydraulickych
zkousek, geofyzikdlnich a ostatnich metod prokazujf, Ze in-situ
hydraulickd $tépici zkouska byla tspé$nd. Béhem prvni hydrau-
lické $tépici zkousky s upnutym pakrem v hloubce 4.4 m doslo
k poruseni horninového prostiedi v okoli stfedového vrtu.
Nasledna dalsi zkouSka v témze intervalu potvrdila predpoklad
vzniku nebo roz§ifeni poruch. Pfi tfetim méfeni v hloubce 7,2 m
byl pfi narustu tlaku na prvni droven zaznamenan zvySeny prutok
a vizualné zjistén vytok z vrtu ST-2. O Gspesném rozruseni horni-
nového prostiedi svéd¢i prubéh ¢tvrté zkousky v hloubce 7,8 m.
Velmi pozitivnim vysledkem byl zaznamenany ndrust tlaku
v monitorovacich vrtech. Nérast tlaku byl totiZ zaznamenan nejen

chamber pressure 2.5MPa was applied during the micro-sample tes-
ting of dacites corresponding to stress conditions in the Josef gallery.
The testing methodology was partially modified by including both
fracturing types (linear and pulse) at one tested borehole interval —
hybrid test. The design of in-situ test is displayed in Fig. 5.

Five hydraulic fracturing tests were executed in total inside the
ST-2 borehole in the framework of in-situ testing. All tests were carri-
ed out within interval from 4.4-7.8m. Depth intervals were selected
following the results of water pressure tests indicating sections with
minimal natural fracture porosity and following the results of geome-
chanical modeling of the pressure distribution in the rock massif.

Obr. 4 Zkouska in-situ — organizace sestavy vybavenych vrtu. Uprostied stie-
dovy vrt ST-2 s dvojitym pakrem. Okolni vrty monitorvaci jsou osazeny jed-
noduchymi pakry a méricimi &idly

Fig. 4 In-situ test — setting of equipped boreholes. Centre borehole ST-2 equ-
ipped with double packer and surrounding monitoring wells equipped with

single packers and measuring sensors
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Obr. 5 Typovy prubéh hybridni §tépici zkousky in-situ
Fig. 5 Design of hybrid fracturing test in-situ

ve vrtu ST-5, ktery md shodnou délku 10 m jako vrt Stépici
(ST-2), ale i ve vrtech ST-4 a ST-1, jejichZ hloubky jsou pouze 5 m
(obr. 6). Posledni paté méreni v hloubce 5,5 m naznadilo, Ze tato
oblast muze byt rozrusena jiz ze zkousky prvni. Pfi ndrustu tlaku
na prvni troven doSlo ke zvySen{ pratoku a zdroven k ndrustu
tlaku v monitorovacich vrtech ST-5 a ST-4.

Béhem hydraulickych S§tépicich zkousSek in-situ doslo
k poruseni horninového prostiedi v okoli sttedového vrtu a vzniku
novych nebo rozsiteni stivajicich poruch. Rozvoj téchto poruch
byl dokumentovén narustem tlaku v okolnich monitorovacich
vrtech.

Measured data acquired from the fracturing, control hydraulic tests,
geophysical and other methods confirmed that the in-situ hydraulic
fracturing test was successful. The first hydraulic test with the packer
position in 4 4m resulted in rock fracturing around the central boreho-
le. Following test with the same packer position confirmed the assump-
tion of the fracture generation or intensification. Increased flowrate and
the outflow from ST-2 borehole were recorded during the third measu-
rement in 7,2m during the pressure increase to the first level. A great
success of fracturing was also evident during the fourth test in the depth
of 7,8m where newly generated fractures reached surrounding monito-
ring boreholes which is the interpretation of the pressure increase in
boreholes ST-5 (depth 10m), ST-1 and ST-4 (depth of both is Sm) (Fig.
6). Last measurement was done in 5,5m and suggested that this area
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Obr. 6 Zdznam in-situ hydraulické zkousky ¢. 4
Fig. 6 Record of in-situ hydraulic test no. 4
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ZAVER had been already fractured from the previous measurements. Flowrate
V ramci vyzkumného projektu STIROMAS byly tspésné reali- and pressure increase in ST-5 and ST-4 was recorded during the pres-
zovény série hydraulickych $tépicich zkousek. Za ucelem porov- suring.
nanf nové vyvinuté metody hydraulického $tépenf s pulznim buze- The hydraulic fracturing in-situ caused development of new fractu-
nim tlaku s b&Zné pouzivanou metodou s linedrnim naristem $té- res or enhancement of existing fractures in the rock environment
piciho tlaku byly realizovany zkousky ve dvou odli§nych reZi- around the central borehole. Development of these fractures was
mech, a to linedrnim a pulznim. documented by the pressure increase in surrounding monitoring wells.

Pro ziskdni zdkladnich poznatkd a parametra vlivu pulzniho
hydraulického $tépeni probehlo testovani obou metod nejprve CONCLUSION

v laboratornim meritku na mikrovzorcich. V této etapé byly srov- A set of hydraulic tests was successfully carried out in the frame-
ndvany obé metody hydraulického $tépeni na 10 odli$nych horni- work of the STIROMAS research project. Experiments in two diffe-
novych typech z fad metamorfovanych, vulkanickych a magma- rent regimes, i.e. linear and pulse were executed in order to compare
tickych hornin a zaroven na vzorcich standardizovaného betonu newly developed method of hydraulic fracturing with pulse pressure
jakoZto referenénim vzorku s presné definovanymi fyzikadlnimi generation with commonly used linear pressuring method.
charakteristikami. Both methods were initially tested in micro-scale to acquire basic
V dal$im kroku byly hydraulické $tépici zkousky realizovdny knowledge and parameters of the effects of pulse hydraulic fracturing.
na stejnych horninovych typech s vétsim rozmérem (makrovzor- In this micro-scale phase, both methods were tested and compared on
cich). Tato etapa slouzila jako prechod mezi ryze laboratornim tes- 10 different rock types including metamorphic, volcanic and magma-
tovdnim a testovdnim v in-situ podminkdch, které se uskutecnilo tic rocks and in the same time on samples consisting of standardized
v zavéretné fazi projektu v horizontalnim vrtu. concrete representing the reference sample with exactly defined phy-
Cilem vyzkumného tkolu bylo ovéfeni d&innosti metody hyd- | sical parameters.

As a next step, the experiments were executed on identical rock
types in macro-scale. This phase represented the interface between
micro-scale and test in the real environment realized in a horizontal
well in the final part of the project.

The aim of the research project was to confirm the applicability of the

raulického rozruSovani horninového masivu in-situ a oveérenim
rozdilu v efektivité mezi linedrnim a pulznim zpusobem S§tépeni
horniny. Lze fici, Ze vy$$i G¢innost pulzniho zpusobu $tépeni hor-
nin se potvrdila v mikro- i makroméfitcich i v in-situ prostredi.
V testovanych intervalech zkusebniho vrtu bylo dosazeno znovu- i . R -

VA . v . . v o developed hydraulic fracturing method in-situ and compare efficiency
otevren{ stdvajicich puklin i vytvoreni puklin novych. V pripadé

zkouek mikrovzorkt a neporufenych makrovzorki byla ovifena of linear and pulse fracturing of rock massif. As observed, the higher
vvvvvv efficiency of pulse hydraulic fracturing was proven in all tested scales

— micro, macro and in-situ. During the in-situ test, the re-opening of
existing fractures as well as development of new fractures was obser-
ved. Testing of micro-samples and macro-samples with no pre-existing
tectonic fractures confirmed the efficiency of pulse testing of about
18 %. Considering very limited number of tested borehole intervals in-
situ, it would not be of statistical significance to quantify the advanta-
geousness of in-situ pulse test compared to linear test. However, the
efficiency of the pulse test in situ could be argued by the fact, that frac-
ture development was observed in those experiment parts where pulses

18 %. Vzhledem k omezenému poctu testovanych intervala vrtu
pfi zkouskdch in-situ nelze dobfe kvantifikovat vyhodnost pulzni-
ho Stépeni ve srovnani s linedrnim $tépenim a potvrdit jeho statis-
tickou vyznamnost. Na vyhodnost pulzniho $tépeni ale poukazuje
fakt, Ze pri realizovanych zkouskdch in-situ do§lo v daném hloub-
kovém intervalu vrtu k poruSeni v pulznim reZimu, a nikoli v re-
Zimu linedrniho narustu tlaku.

Podekovani were introduced and not during the linear pressure increases.
Vyzkumny projekt byl realizovdn za financni podpory z pro-
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SPOLEHLIVOST NUMERICKEHO MODELOVANI RAZBY NRTM
RELIABILITY OF NUMERICAL MODELLING OF NATM TUNNELLING

JAKUB NOSEK

ABSTRAKT

Statické vypocty tunelového osténi se v posledni dobé provddi vétsinou pomoci numerickych modeli, které vyuZivaji metodu konec-
nych prvkii. O pfesnosti a spolehlivosti téchto vypocti jsou mezi odborniky casto vedené diskuse. Vypocet tunelové stavby je obecné
ovlivnén presnosti jeho vstupii a mirou zjednoduSeni v modelu. Tyto faktory vndSeji do vysledkii vetsi &i mensi odchylku od skutecnosti.
Vzhledem k tomu, Ze takto provedeny staticky vypocet na zdklade aktudlné dostupnych vstupnich informaci (zejména geotechnickych
parametrii horninového prostiedi) je zpravidla jedinou indicii o predpoklddaném deformacnim chovdni nebo nap¥iklad vnitinich sildch
v osténi, jsou tyto vysledky casto povazZovdny za obecné platné. V rdmci doktorského studia a prdce u spole¢nosti 3G Consulting
Engineers s.r.o. autor zpracoval studii zamérenou na vyhodnoceni presnosti numerického modelovdni razby tunelii. Za timto iicelem byly
provedeny vypocty v programu Plaxis v nékolika Fezech pro vétsinu rozsdhlejsich tunelovych staveb poslednich deseti let v Ceské repub-
lice. Vysledné hodnoty deformaci jsou ndsledné porovndvdny s dostupnymi vysledky monitoringu.

ABSTRACT

Lately, structural analyses of tunnel linings have mostly been carried out using numerical models and the Finite Element Method
(FEM). The accuracy and reliability of these analyses are often subjects of discussions between professionals. The analysis of a tunnel
structure is generally influenced by the accuracy of its inputs and the degree of the model simplification. These factors introduce bigger
or smaller deviation from the reality into results. With respect to the fact that a structural analysis carried out in this way on the basis
of currently available input information (mainly geotechnical parameters of the ground environment) is usually the only inferential evi-
dence of the assumed deformational behaviour or, for example, internal forces in the lining. These results are often considered to be
generally valid. The author carried out a study focused on the evaluation of the accuracy of numerical modelling of tunnelling within
the framework of the doctoral study and his work for 3G Consulting Engineers s.r.o. For that purpose, analyses were conducted in seve-
ral cross-sections for the majority of larger tunnelling projects of the previous ten years in the Czech Republic, using the Plaxis soft-

ware. The resultant values of deformations are subsequently compared with the monitoring results available.

uvob

Statickd posouzeni razby a primdrniho osténi velkych
dopravnich tunelu jsou dnes vétS§inou provddéna pomoci nume-
rickych modelt, a to metodou kone&nych prvka. Jejich vysled-
kem jsou vypoctené hodnoty deformaci, sil, ohybovych
momentu i napéti v kazdém bodé zdjmu. To muZe vést k dojmu,
Ze je tak konstrukce zcela popsdna a vysledky maji stejnou
platnost, jako v pripadé ostatnich statickych vypocta, napriklad
ocelovych nebo betonovych konstrukci. Ve skutecnosti se
mohou vysledky modelu od skute¢ného chovani spolupisobici
konstrukce hornina-osténi vyrazné lisit zejména kvuli zdsadni-
mu vlivu nejistych geotechnickych parametrti masivu. Jakd je
presnost numerického modelovédni razby tuneld se vSak
v literature neuvadi.

Nedostatek informaci ohledné zminéné presnosti byl motiva-
ci k vypracovan{ studie na toto téma v rdmci doktorského stu-
dia na Stavebni fakulté¢ CVUT v Praze. Jeji vysledky jsou strud-
né prezentovany v tomto ¢lanku. Detailni popis je k nalezeni ve
vefejné dostupné disertaéni praci ,, Vwhodnoceni spolehlivosti
statickych vypocti tunelii v CR na zdkladé analyzy vysledkii
monitoringu “[1].

V ramci studie byly provedeny statické vypocCty razby
a primarniho osténi v programu Plaxis v deseti fezech zahrnu-
jicich vétsinu rozsdhlejsich tunelovych staveb poslednich dese-
ti let v Ceské republice. Vysledné hodnoty deformaci byly
nasledné porovndvany s dostupnymi vysledky monitoringu.
Hodnoceni presnosti numerického modelovéni je zaloZeno na
jejich statistickém vyhodnoceni. Vzhledem k omezenému
poctu testovanych fezl je nutné veSkeré zdvéry z této prdce
vnimat spiSe jako indicie neZ jako prokédzand fakta. Zaroven se
1isf prfistup k modelovéni u jednotlivych statiku, z ¢ehoZ lze
usuzovat, Ze se bude stejné lisit i jejich presnost.

INTRODUCTION

Structural analyses of tunnel excavation and the primary lining of
large transport tunnels are today mostly carried out using numerical
models, namely the Finite Element Method. Their results comprise the
calculated values of deformations, forces, bending moments and stres-
ses at each point of interest. This fact can lead to the impression that
the structure is fully correctly described in this way and the applicabi-
lity of the results is identical with the results of other structural analy-
ses, for example of steel or concrete structures. In reality, the model
results may significantly differ from the model of actual behaviour of
the ground-lining interaction structure, mainly because of the funda-
mental influence of uncertain geotechnical parameters of the massif.
Nevertheless, the accuracy of numerical modelling of tunnel excava-
tion is not stated in literature.

The lack of information regarding the above-mentioned accuracy
was the motive for conducting a study on this topic within the frame-
work of the doctoral study at the Faculty of Civil Engineering of the
Czech Technical University in Prague. Its results are briefly presented
in this paper. The detailed description can be found in the publicly ava-
ilable thesis “Evaluation of reliability of structural analyses on tunne-
Is in the CR on the basis of the analysis of monitoring results” [1].

Structural calculations of the excavation and the primary lining
were carried out within the framework of the study the study in ten
cross-sections covering the majority of larger tunnelling projects of
the previous ten years in the Czech Republic, using the Plaxis softwa-
re. The resultant values of deformations were subsequently compared
with the monitoring results available. The evaluation of the accuracy
of numerical modelling is based on the statistical evaluation of the
values. With respect to the limited number of tested cross-sections, it
is necessary to consider all conclusions of this work rather as inferen-
tial evidence than proved facts. At the same time, the attitude of parti-
cular structural engineers toward modelling is different. It is possible
to conclude that their accuracy will be different in a similar way.



ZPRACOVANI RESENYCH REZU

Cilem studie bylo provedeni vétsiho mnoZstvi praktickych
testd, spolivajicich v modelovéni vybranych tuneld v dobfe
monitorovanych pri¢nych rezech. Konkrétné bylo vybrdno
deset fezu na sedmi ruznych tunelech provddénych v pos-
lednich deseti letech v Ceské republice Novou rakouskou tu-
nelovaci metodou. Rezy byly pec¢livé vybirdny jak z hlediska
dostupnosti dat monitoringu (zejména pritomnosti extenzo-
metrt), tak na zdkladé vhodnosti pro dvourozmérny model,
tzn. napiiklad bez blizkych zmén prifezi nebo skokovych
zmén nadlozi.

Analyza kazdého z fezu se sklddala ze tfi zdkladnich kroku —
vypolet deformaci, analyza vysledkd monitoringu a porovnani
ziskanych hodnot. V kazdém fezu byl nejprve proveden
a spoc¢itan numericky model, a teprve ndsledné provedena ana-
1yza monitoringu tak, aby nemohlo dojit k ovlivnéni nastaveni
vypoctu znalosti sprdvného vysledku.

Geotechnické parametry horninového prostredi byly nastave-
ny na zékladé informaci z podrobného geotechnického pruzku-
mu bez znalosti vysledki ruznych dodatednych prizkuma
a monitoringu po zahdjeni razby hlavnich tuneld. Pro zajisténi
souladu vypocta s realitou bylo ovSem nutné projit zdznamy
provedené razby v okoli fezu, aby byl do modelu zanesen sku-
te¢né realizovany zpusob ¢lenéni Celby a vystrojeni tunelu.

Cilem bylo provadét vypodty tak, jak by je nastavil ,,pramér-
ny“ statik v Eeské projekéni kanceldfi. Z toho duvodu byla pro-
vedena mald anketa mezi nékolika statiky z riznych spole¢nos-
ti (Mott MacDonald CZ, spol. s r.o., PRAGOPROIJEKT, a.s.,
SUDOP PRAHA a.s., SATRA, spol. s r.0.) a na zdkladé jejich
odpovedi a zkuSenosti autora (3G Consulting Engineers s.r.0.)
byly modely nastaveny takto:

¢ Pouzity software: Plaxis 8.2 2D, Metoda konecnych prvkii;

e Materidlovy model: Mohr-Coulomb;

e ZatiZeni nevystrojeného vyrubu: kalota 30 %;

e Modul pruZnosti stfikaného betonu: 15 GPa, vliv zrdni
podrobnéji nezavddén;

e Typ osténi: elasticky,

e Vliv kotveni: v hornindch modelovdno (zlepSend soudrz-
nost v prokotvené oblasti), v zemindch vétsinou nemodelo-
vdno (podle pFistupu v RDS);

e Pouziti kontaktnich prvku: ano, bez zmény parametrii;

e Vliv podzemni vody: zaveden v pripadé sniZeni hladiny
podzemni vody razbou tunelu;

e Zohlednéni tloustky osténi v jeho paté: v pFipadeé potreby
zavedeno pomoci trojiihelnikii pod patami osténi.

Analyza dostupnych vysledku geotechnického monitoringu
byla stézejni Casti studie. Témef v zadném pripadé nebylo
moZné vysledky pouze odeéist z dostupnych grafu. Vzdy musel
byt zkontrolovén Cas referenénich (nulovych) méreni ve vztahu
k prubéhum razeb, pri¢emz nastaly i pripady, kdy byly vysled-
ky pozdnim provedenim nulového méfeni tplné znehodnoceny
a jiz pripraveny ez nemohl byt pouzit. Ndsledné bylo provede-
no porovnani vSech dostupnych typt méfeni v daném misté
a zdroven byl analyzovéan ndrust deformaci v Case v zdvislosti
na prubéhu raZeb pro pripadné zachyceni a odfiltrovdni méric-
skych chyb. Na zdkladé takto zpracovanych informaci byl sta-
noven nejlepsi mozny odhad redlného deformac¢niho chovani.

Aby bylo mozné tspésnost modelovani Ciselné vyhodnotit,
byly urceny konkrétni parametry pro srovnavéni. Porovndvané
hodnoty musely byt zejména dostupné z bézné provadéného
monitoringu a zdroven dostate¢né reprezentativni. Tyto pod-
minky spliuji tfi ndsledujici parametry:

e Maximdlni pokles na povrchu — jednd se o maximalni
seddni povrchu bez ohledu na presné misto jeho vyskytu.
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PROCESSING THE CROSS-SECTIONS BEING SOLVED

The objective of the study was conducting a larger quantity of prac-
tical tests lying in modelling selected tunnels in well monitored cross-
sections. In concrete, ten cross-sections were selected in various tun-
nels constructed using the New Austrian Tunnelling Method in the
Czech Republic during the past ten years. The cross-sections were
thoroughly selected from the aspect of both the accessibility of the
monitoring data (in particular the presence of extensometers) and on
the basis of suitability for the two-dimensional model, for example
cross-sections without changes in their vicinity or step changes in the
overburden.

The analysis of each of the cross-sections consisted of three basic
steps — the calculation of deformations, the analysis of monitoring
results and the comparison of the obtained values. The numerical
model was at the beginning carried out and analysed for each cross-
section; only then was the analysis of the monitoring carried out so
that the setting of the calculation could not be influenced by the know-
ledge of the correct result.

The geotechnical parameters of the ground environment were set on
the basis of information from detailed geotechnical investigation, with-
out the knowledge of the results of various supplementary investigati-
ons and monitoring carried out after the commencement of the exca-
vation of the main tunnels. Anyway, it was necessary for securing the
agreement of results with reality to go through the records of the exca-
vation carried out in the surroundings of the cross-section so that the
actually applied excavation sequence and excavation support were int-
roduced into the models.

The objective was to carry out calculations in a way in which an
“average” structural engineer would determine them in a Czech desig-
ning office. For that reason a small enquiry was carried out among
several structural engineers from various companies (Mott
MacDonald CZ, spol. s r.o., PRAGOPROIJEKT, a.s., SUDOP
PRAHA a.s., SATRA, spol. s r.0.) and the models were set on the basis
of their answers and author’s experience (3G Consulting Engineers
s.r.0.) in the following way:

» Software applied: Plaxis 8.2 2D, Finite Element Method;

e Material model: Mohr-Coulomb;

¢ Loads acting on the unsupported excavation: Top heading 30%;

* Modulus of elasticity of shotcrete: 15GPa, the influence of age-
ing not introduced in more detail;

* Lining type: Elastic;

e Influence of anchoring: Modelled in rock (improved cohesion in
the area stabilised with anchors), in soils mostly not modelled
(depending on the approach in the detailed design;

 Application of contact elements: Yes, without changing the para-
meters;

¢ Influence of groundwater: Introduced in the case of lowering the
water table as a result of the tunnel excavation;

 Taking the thickness of the lining at its footing: Introduced in the
case of necessity by means of triangles under lining footings.

The analysis of available results of geotechnical monitoring formed
the crucial part of the study. It was not possible nearly in any case only
to read the results from the graphs available. It was always necessary
to check the time of reference (zero) measurements in relation to the
excavation courses; cases even occurred where the results were com-
pletely devalued as a result of a reference measurement carried out
late and the already prepared cross-section could not be used.
Subsequently, the comparison of all measurement types available in
the particular place and, at the same time, the growth of deformations
with time was analysed in dependence on the course of excavation for
the purpose of contingent identification of measuring errors and their
filtration off. The best possible guessing on the real deformational
behaviour was determined on the basis of the information processed
in the above-mentioned way.
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Concrete parameters were determined for
comparison so that the success of modelling
could be evaluated numerically. The values
being compared had to be available from com-
monly carried out monitoring and, at the same
time, had to be sufficiently representative. The
following three parameters meet the above-
mentioned conditions:

e Maximum surface settlement — it is the maxi-
mum settlement of the surface, irrespective
of the exact place of its occurrence. When the
measured settlement values are being proces-
sed, a curve the maximum of which expres-
ses the value being searched for is inset in the
points (see Fig. 1, parameter A)

Settlement above the excavation crown
— it is the settlement just above the tunnel
tube excavation (see Fig. 1, parameter B). In the case of a cross-
section through two tubes (mostly), the average of values above
each tube is taken into consideration.

Settlement trough width — with respect to the fact that, in reality, the
width of the settlement trough is not exactly marked out (settlement
values only approximate zero with the distance from the excavation
growing), it was necessary to define the ends of the trough in some
way. Only the area where settlement values exceed Smm is therefo-
re considered to be a settlement trough (see Fig. 1, parameter C).

A maximalni pokles na povrchu
maximum surface settlement,

B pokles koruny vyrubu
excavation crown settlement

C S$itka poklesové kotliny (sedani vétsi nez 5 mm)
settlement trough width (settlement values
exceeding 5mm)

Obr. 1 Srovndvané parametry Fezii
Fig. 1 Parameters of cross-sections being compared

Pfi zpracovani naméfenych poklesu je body proloZena
krivka, kde jeji maximum vyjadfuje hledanou hodnotu
(obr. 1, parametr A).

Pokles v koruné vyrubu — jednd se o pokles tésné nad vyru-
bem tunelové trouby (obr. 1, parametr B). V pripadé, Ze se
jednd o fez se dvéma troubami (vétSinou), je uvazovan pru-
mér z hodnot nad kazdou troubou.

Sitka poklesové kotliny — vzhledem k tomu, e ve skute-
nosti neni $itka poklesové kotliny nijak presné ohrani¢ena
(poklesy se se zvySujici vzdalenosti od vyrubu pouze blizi
k nule), bylo nutné jeji konce néjakym zpusobem defino-
vat. Za poklesovou kotlinu je tedy povazovdna pouze
oblast, kde poklesy prekracuji hodnotu 5 mm (obr. 1, para-

metr C).

STATISTICAL EVALUATION

A detailed description of the results of the analysis of monitoring
and all ten cross-sections is available in the above-mentioned thesis.
This paper only summarises, evaluates and discusses only key data
and values as a set of statistical data.

In the concrete, the following cross-sections were processed (their
numbering corresponds to the marking in graphs No. 1 and 3):

STATISTICKE VYHODNOCENI
Podrobny popis vysledkl analyzy monitoringu a modelu pro

vSech deset fezt je k dispozici ve zminéné disertalni préci.

1

Brusnice, tunnel chainage metre 220);

V tomto ¢lanku jsou shrnuty, vyhodnoceny a diskutovany jiz 2 Brusnice, tunnel chainage metre 361;
jen klicové tdaje a hodnoty jako soubor statistickych dat. 3 Brusnice, tunnel chainage metre 74;
Konkrétné byly zpracovany ndsledujici pri¢né rezy (jejich 4 Radej¢in, tunnel chainage metre 273 ;
ocislovani odpovida oznaceni v grafech 1 a 3): 5 Radejcin, tunnel chainage metre 542;
1 Brusnice, 220 TM; 6 Prackovice, tunnel chainage metre 210 ;
2 Brusnice, 361 TM; 7 Komorany, tunnel chainage metre 230;
3 Brusnice, 74 TM; 8 Lochkov, tunnel chainage metre 165;
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Graf 1 Vyneseni zdkladnich relativnich odchylek (&islo u jednotlivych bodii oznacuje konkrétni Fez v seznamu)
Graph 1 Plotting the basic relative deviations (Numbers at individual points mark a concrete cross-section in the list)
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Sitka poklesové kotliny / settlement trough width monitoring - calculation = 82 m [91]
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Srovnani naméfenych a vypoctenych hodnot / Comparison of measured and calculated values

skuteénost vypocet odchylka absolutné odchylka relativné vypocet relativné
reality calculation absolute deviation relative deviation relative calculation

max. sedani povrchu 33 mm 26 mm -7 mm 21 % 79 %
maximum surface settlement
pokles v koruné vyrubu 49 mm 38 mm -11 mm 22 % 78 %
settlement at the excavation crown
Sitka poklesové kotliny 82m 91 m 9m 1% 111 %
settlement trough width

Obr. 2 Priklad vyhodnocent jednotlivych Fezit
Fig. 2 Example of the evaluation of individual cross-sections

4 Radej¢in, 273 TM;
Radejc¢in, 542 TM;
Prackovice, 210 TM;
Komorany, 230 TM;
Lochkov, 165 TM;
Valik, 190 TM;

10 Bubenec, 868 TM.

Ve vSech vypoctenych hodnotich byly stanoveny odchylky
od vysledka monitoringu. Pro grafické vyneseni byl vysledek
vypoctu vyjadren v procentech méfenych hodnot, ¢imz byly
&éstené potlaceny ruzné absolutni rozdily pii nizkych, nebo
naopak vysokych deformacich. Shoda vypoc¢tu s méfenim byla
tedy reprezentovana hodnotou 100 %. Pfi hodnoté mensi bylo
seddni vypoctem podcenéno a vypoclet je tak na strané nebez-
pecné, pii hodnoté vétsi bylo seddni vypoétem precenéno
a vypocet je tak na strané bezpecné. Priklad vyhodnoceni jed-
notlivych fezu je uveden na obr. 2.

Vyneseni zakladnich hodnot

Cilem takovéto studie by melo byt vynesenf histogramu, kte-
rym bude proloZena kfivka reprezentujici funkci hustoty prav-
dépodobnosti vyskytu ur€ité chyby. Lze se domnivat, Ze by
tomuto souboru dat mélo odpovidat logaritmicko-normalni roz-
déleni. Podle tvaru kfivky by bylo mozné odhadnout jeho para-
metry (stfedni hodnotu y a smérodatnou odchylku o). Tim by
byla &iselné definovdna funkce hustoty pravdépodobnosti
i distribu¢ni funkce a bylo by mozné urdit, s jakou pravdépo-
dobnosti se bude chyba vypoctu pohybovat v jakémkoliv zvo-
leném intervalu. Provedeny pocet testu (vypo&tl) ovSem neni
k vyneseni plynulého histogramu dostate¢ny. Z toho duvodu

O 0 J N W

9 Valik, tunnel chainage metre 190;

10 Bubenec, tunnel chainage metre 868.

Deviations from the monitoring results were determined for all of
the calculated values. The calculation result was expressed in percen-
tage of the measured values. In this way the various absolute diffe-
rences in low or, conversely, high deformation levels were partially
suppressed. The agreement of a calculation with the measurement was
therefore represented by the value of 100%. When the value is lower,
the settlement was underestimated by the calculation, therefore the
calculation is on the unsafe side, whilst when it is higher, the settle-
ment was overestimated by the calculation, therefore the calculation is
on the safe side. An example of the evaluation of individual cross-sec-
tions is presented in Fig. 2.

Plotting the basic values

The objective of such a study should be plotting of a histogram with
a curve representing the frequency function for the occurrence of a certain
error inset through it. It is possible to assume that the logarithmic-normal
distribution should correspond to this set of data. It would be possible to
estimate its parameters (mean value y and standard deviation o) accor-
ding to the curve shape. In this way the frequency function and distribu-
tion function would be defined numerically and it would be possible to
determine the probability with which the calculation error will fluctuate
within any chosen interval. Of course, the number of the conducted tests
(calculations) is not sufficient for plotting a fluent histogram. For that rea-
son the calculated deviations are presented only in basic graphs and one
basic confidence region can be assessed.

Surface settlement

It is obvious from Graph No. 1 that in the particular case the distri-
bution of the points does not indicate the log-normal distribution
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Graf 2 Vyneseni relativnich odchylek v zdvislosti na vysce nadloZi (¢islo u jednotlivych bodu oznacuje vysku nadloZi, konkrétni Fez je mozné vycist z grafu 1,

poradi bodu zustalo stejné)

Graph 2 Plotting the relative deviations in dependency on the overburden height (Numbers at individual points mark the overburden height; the particular

cross-section can be found in Graph 1; the order of points remained unchanged)

jsou vypoctené odchylky prezentovdny pouze v zdkladnich gra-
fech a je odhadnut jeden zdkladnf{ interval spolehlivosti.
Sedani povrchu

Pfi pohledu na graf 1 je ziejmé, Ze rozloZeni bodu neindiku-
je v daném pripadé log-normdlni rozdéleni, které by se dalo
o¢ekdvat. Hodnoty jsou rozmistény priblizné rovnomérné
v oblasti mezi 30 % a 175 % (oznacené Sedym ovilem).
Vzhledem k tomu, Ze hustota bodu neni nikterak vyssi kolem
stfedu intervalu (spiSe naopak), je mozné usuzovat, Ze vysled-
Ky u jeho kraju jsou stejné pravdépodobné, jako ty kolem stie-
du. Takové hodnoceni presnosti numerického modelovani
vyzniva spiSe negativné.

Aritmeticky prumér hodnot pfi vylouceni maxima a minima
je 90 %. Odchylka 10 % je pri tomto poctu hodnot zanedbatel-
na. Minimdlné lze tedy fici, Ze pri vypoctu seddni na povrchu
nemaji numerické modely tendenci vytvéret systematickou
chybu na jednu ¢i druhou stranu.

Deformace vyrubu

O kategorii vySe v grafu 1 jsou znazornény relativni odchyl-
ky vypoétu svislé deformace té€sné nad vyrubem. Na prvni
pohled zaujme, Ze poradi ani oblasti shluku nejsou stejné jako
v piipadé seddni povrchu. Napriklad bod 10, reprezentujici
tunel Bubene¢ 868 TM, dokladd, Ze ani v pripadé relativné
presného uréeni deformaci v oblasti vyrubu (89 %) neni zaru-
¢en dobry odhad seddni povrchu (46 %). Body cislo 4
(Radej¢in 273 TM) a 7 (Komorany 230 TM) ukazuji na mozné
vyrazné opa¢né odchylky, kdy se oba mezi grafy seddni povr-
chu a deformaci vyrubu premistily z pravé na levou, resp.
z levé na pravou stranu od presné hodnoty (100 %).

Pohled na graf muzZe pusobit alespori 0 néco pozitivnéji, co se
davéry v numerické modelovéni tyle. V pripadé, Ze se nebude
vénovat pozornost extrémnim hodnotdm, ale za standardni
vystup z vypoétu bude povaZovédna oblast bodi zvyraznénd

which could be expected. The values are distributed approximately
equally within the area between 30% and 175% (highlighted by a grey
oval). With respect to the fact that the density of the points is nowise
higher around the interval centre (rather the opposite), it is possible to
assume that the probabilities of the results at its edges and around the
centre are identical. Such the evaluation of the numerical model accu-
racy looks rather negatively.

The arithmetical mean value with the maximum and minimum exc-
luded is 90%. The deviation of 10% is negligible at this number of
values. It is therefore at least to state that numerical models do not
have a tendency to create a systematic error to one or the other side.
Excavation deformation

Relative deviations of the calculation of vertical deformations just
above the excavation are displayed by a category higher in the graph.
The fact will capture at first sight that neither the order nor the cluster
areas are identical with those in the case of the surface settlement. For
example, point No. 10 representing the Bubenec¢ tunnel, the tunnel
chainage m 868, documents that a good estimation of the surface sett-
lement (46%) is not guaranteed even in the case of relatively accurate
determination of deformations in the excavation area (89%). Points
No. 4 (Radej¢in, tunnel chainage m 273) and 7 (Komorany, tunnel
chainage m 230) point to the possibility of significantly opposite devi-
ations, where both of them move between the graphs of surface sett-
lement and excavation deformation from the right side to the left side,
respectively from the left side to the right side of the accurate value
(100%).

A view of the graph may impress at least a little more positively as
far as the confidence in numerical modelling is concerned. In the case
that we do not address extreme values and consider the area of points
highlighted by the grey oval to be the standard output, we can say that
the successfulness of the calculation commonly fluctuates between
75% and 165%. But it is necessary to realize that 3 of 10 points,

i.e. 30%, were excluded
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Sedym ovalem, lze fici, Ze se Uspésnost vypoctu bézné pohybu- The arithmetical mean of the values when the maximum and mini-
je mezi 75 % a 165 %. Je ale treba si uvédomit, Ze byly vyne- mum are excluded is exactly 100%, which, much as in the case of the
chany jiz 3 z 10 bodu, tedy 30 %. terrain settlement, documents that numerical models where the verti-

Aritmeticky prumér hodnot pfi vyloueni maxima a minima cal deformation immediately above the excavation is being calculated
je presné 100 %, coz stejn¢ jako v pripadé seddni povrchu do not have the tendency to produce a systematic error.

doklada, ze pri vypoctu svislé deformace bezprostredné nad Settiement trough width
vyrubem nemaji numerické modely tendenci vytvéret systema-

. Relative deviations of the calculation of the settlement trough width
tickou chybu.

on the surface are shown in the upper half of Graph No. 1. According

Sifka poklesové kotliny the assumption, the results relatively fairly correlate with the graph of
Ve vrchni tretiné grafu 1 jsou zndzornény relativni odchylky the maximum surface settlement. Nearly all points remain in the same
vypoctu Sitky poklesové kotliny na povrchu. Podle predpokla- order; they only slid more toward the mean value. It may seem from
du vysledky relativné slusné koreluji s grafem maximdlnich this fact that it is simpler for the model to estimate the settlement
seddni povrchu. Témeéf vSechny body zistdvaji ve stejném trough width than to determine exact maximum settlement values.
pofadi, jen se vice sesunuly smérem ke stfedni hodnoté, z &ehoZ The area of the common successfulness of calculation is again high-
se miZze zddt, Ze odhadnout Siiku poklesové kotliny je pro lighted by the grey oval, where only the limiting values are omitted. It
model jednodussi neZ ur€it pfesné maximdlni hodnoty poklesi. is therefore possible in numerical expression to say that the accuracy
Oblast bézné dspésnosti vypoltu je opét zvyraznéna Sedivym of the calculation of a settlement trough oscillates between 55% and

ovdlem, kdy doSlo pouze k vynechdni krajnich hodnot.
V &iselném vyjadieni je tedy mozné Fici, Ze presnost vypoctu
Sitky poklesové kotliny se v 80 % pripadu pohybuje mezi 55 %
a 145 % skute¢nych hodnot.

Aritmeticky prumér hodnot pfi vyloueni maxima a minima
je 93 %. Znovu lze tedy konstatovat, Ze pri vypocltu Sitky
poklesové kotliny nemaji numerické modely tendenci vytvéret
systematickou chybu.

Chyby v zavislosti na ostatnich parametrech

Soulasné se zdkladnim vyzkumem pfesnosti vypocétu byla
provedena studie, v jakych pfipadech vznikaji chyby vice nebo
méné. Za timto téelem byly odchylky vypocta vyneseny do
graft postupné v zdvislosti na vy3ce nadloZi, velikosti skutec-
nych deformaci nebo s vyznacenim, zda v daném pripadé byla
pred razbou hlavnich tunelt provedena pruzkumna $tola.
Vyneseni odchylek v zavislosti na vysce nadlozi

V obr. 2 jsou vyneseny odchylky vypoltu (na ose Xx)
v zdvislosti na prumérné vysce nadlozi obou tunelovych trub
v feSeném fezu (na ose y). Presnd vyska nadloZi v metrech je
vzdy uvedena v popisku kazdého bodu.

Z graft, a to zejména u sedédni povrchu, je veelku jasné patr-
nd tendence vys§i presnosti vypoltu pri vyS$$im nadloZi.
Naopak body s nejvy$si chybou vzdy reprezentuji fez
s nejmen$im nadlozim v fadu t€sné nad 10 m. Je nutno upozor-
nit, Ze se ve vSech pripadech jednd o tunely délni¢ni s velkym ) - ) i
profilem vyrubu, kde §itka kazdé trouby je pravé 10 m a vice. and greater, are dealt with. It is obvious that at the overburden height

Je patrné, 7e pii vyice nadlo#i presahujici pfiblizné 20 m je exceeding approximately 20 metres the successfulness of numerical
& models is significantly higher. It is also possible to observe this ten-

dspéSnost numerickych modeld vyznamné vy$§i. V grafech ° ‘ ) ‘ ) . :
deformace vyrubu a §fiky poklesové kotliny lze tuto tendenci dency in graphs of deformation of the excavation and the width of the

145% of real values in 80% of cases.

The arithmetical mean of the values with the maximums and mini-
mums excluded is 93%. It is therefore again possible to state that
numerical models do not have the tendency to create the systematic
error in the settlement trough width calculation.

Errors depending on the other parameters

A study of the cases in which more or less errors originate was con-
ducted concurrently with the basic investigation of the accuracy of
calculations. For this purpose the deviations of calculations were step
by step plotted in graphs, depending on the dependence on the over-
burden height, the size of actual deformations or marking whether an
exploratory gallery was carried out prior to the main tunnel excavati-
on in the particular case.

Plotting the deviations in dependence on overburden height

In Fig. 2, calculation deviations are plotted (on x-axis) in depen-
dence on the average height of the overburden of both tunnel tubes (on
y-axis) in the cross-section being solved. The exact overburden height
in metres is always presented in a legend to each point.

The tendency to higher accuracy of the calculation at a higher over-
burden is relatively clearly obvious from the graphs, first and foremost
in the cases of surface settlement. Conversely, points with the highest
error always represent a cross-section with the lowest overburden clo-
sely over 10m. It is necessary to warn that motorway tunnels with
large cross-sections, where the width of each tunnel tube is 10 metres

pozorovat také, ale jiZ nenf zdaleka tak zfejma. settlement trough, but it is far from so obvious.

Negativni zprdva z tohoto vyhodnoceni plyne, jak bylo zmi- As mentioned above, a negative news follows from this evaluation
néno, pro tunely s nizkym nadlozim. Nejistota ohledné vysled- for tunnels with low overburden. The uncertainty regarding the results
ki z jejich modelovani se zdd byt nedmérné vysokd. Zaroveii obtained from their modelling seems to be inadequately high. At the
situaci znepfehlediuje vyskyt vyraznych odchylek rovnomérné same time, the situation is made confused by the occurrence of signi-
na obou stranich od spravné hodnoty. Jinymi slovy, vyskytuje ficant deviations uniformly on both sides of the correct value. In other
se zéroven vyrazné podhodnoceni i nadhodnoceni deformaci. words, underestimation and overestimation of deformations occur
V kontrastu s timto zjiSténim je zjevné fakt, Ze pravé oblasti concurrently. The fact that areas with low overburden are frequently
s nizkym nadloZim jsou Casto pro vystavbu tunell kritické, critical for tunnel construction and for that reason the prediction of the
a proto je v nich predikce chovani masivu pfi razbé numeric- massif behaviour in the case of tunnelling using a numerical model is
kym modelem obzvlasté zadana. especially sought, is in contrast with the above finding.

Vyneseni odchylek s vyznaéenim provedeni Plotting the deviations with the marking
prazkumné stoly of the execution of an exploratory gallery in the graph

V grafu 3 jsou vyneseny odchylky vypoctu s vyznalenim, Calculation deviations with marking whether an exploratory galle-
zda v feSeném fezu byla v predstihu provedena pruzkumna ry was carried out in the cross-section being solved are plotted on
Stola. Body oznacujici fezy s pruzkumnou $tolou jsou znézor- Graph No. 3. Points marking the cross-sections with an exploratory
nény zlutou barvou. gallery are highlighted by yellow colour.
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Graf 3 Vynesent relativnich odchylek v zdvislosti na provadént pruzkumné Stoly (&islo u jednotlivych bodu oznacéuje konkrétni Fez v seznamu, rezy, kde byla

provddéna pruzkumnd $tola, jsou vybarveny Zlute)

Graf 3 Plotting the relative deviations in dependency on the execution of an exploratory gallery (Numbers at individual points mark the particular cross-secti-
on in the list; cross-sections where an exploratory gallery was carried out are coloured in yellow)

Vysledky zobrazeni této zdvislosti jsou zrejmé nejvice prekva-
pujici. Investofi tunelu vyddvaji znacné prostiedky na provadéni
pruzkumnych $tol v (z ruznych davodu) rizikovych piipadech
pldnované razby. Uéelem takto vynaloZenych prostiedki by mélo
byt ovéfeni nebo upfesnéni informaci z geotechnického pruzku-
mu o zeminovém/horninovém prostiedi, které ma byt zastizeno
razbou. Tyto investice by se mély vratit v relativné presné pre-
dikci chovani masivu pfi razbé zaloZené na kalibraci numerické-
ho modelu prazkumné $toly, jak uvaddi Pruska (2014) [2].

Pohled na vykreslend data ukazuje paradoxné opacnou situaci.
Ze viech tif grafu je zfejmé, Ze v fezech bez provadéni pruzkum-
né $toly jsou vysledky modell presnéjsi nez tam, kde prazkumnd
Stola provedena byla. Nejmarkantnéji je tato tendence vidét
v grafu seddni povrchu. Kromé bodu 7 (Komorany 230 TM)
obsazuji Zluté body s razbou Stoly jen krajni pozice.

Odchylky byly vyneseny také v zdvislosti na skute¢nych defor-
macich. V tomto pripadé se vSak Zddnou zévislost vypozorovat
nepodafrilo.

ZAVER

Z prezentovanych grafi je ziejmé, Ze vysledky nejsou pro
numerické modelovéni prili§ pfiznivé. V pripadé vSech tii sledo-
vanych parametra jsou body rozptyleny relativné rovnomérné na
ose x a nelze pozorovat zadné tendence k jejich shlukovani kolem
spravné hodnoty.

Ke zhodnoceni presnosti modelovani je v tomto pripadé vhod-
né pouzit intervaly spolehlivosti. V tab. 1 je pro kazdy parametr
uveden nejvhodnéjsi interval s vysokou pravdépodobnosti, Ze se
v ném bude hodnota realizovat. V poslednim sloupci této tabulky
je uvddéna stredn{ hodnota spoéitand jako primér s vylouenim
minimaln{ a maximdalni hodnoty.

Intervaly jsou relativné §iroké, ovem jejich dalsi zuZovan{ na
zdkladé této statistiky nemd vyznamny pfinos. Jak jiz bylo zmi-
néno, hodnoty jsou v rdmci téchto intervalu rozptyleny priblizné
rovnomeérné, a tak pfi zuZovan{ intervali velmi rychle klesé podil
realizaci.

Podstatnd informace plyne z vypoctu stredni hodnoty. Pokud se pri-
jme, Ze 10% odchylka je prfi tomto objemu zpracovanych dat zane-
dbateln4, lze konstatovat, Ze numerické vypocty raZeb tuneli nemaji
ve sledovanych parametrech tendenci vytvéret systematickou chybu.

The results of the depiction of this dependency are obviously the
most surprising. Owners of tunnel construction projects expend signi-
ficant financial means for the execution of exploratory galleries in
risky (for various reasons) cases of planned tunnel excavation. The
purpose of the means expended in this way should be the verification
or refinement of the information from the geotechnical investigation
into the soil/rock environment to be encountered by the excavation.
These investments should be returned in the form of a relatively accu-
rate prediction of the massif behaviour during excavation based on the
calibration of the numerical model of the exploratory gallery (Pruska
2014) [2].

A view of the plotted data shows a paradoxically opposite situation.
It is obvious from all of the three graphs that the results of models in
cross-sections without the execution of an exploratory gallery are
more accurate than cross-sections where an exploratory gallery was
carried out. This tendency is most markedly seen in the graph of sur-
face settlement. With the exception of point No. 7 (Komorany, tunnel
chainage m 230) yellow points with the exploratory gallery excavati-
on occupy positions only at the ends.

The deviations depending on real deformations were also plotted.
However, no dependency was observed in this case.

CONCLUSION

It is obvious from the presented graphs that the results are not too
favourable for numerical modelling. The points are scattered relative-
ly uniformly on the x-axis in the case of all three parameters being
monitored; no tendencies to clustering around the correct value can be
observed. Confidence limits are in this case suitable for the assess-
ment of the modelling accuracy. Table 1 presents the limits most sui-
table for each parameter, where the probability that the value will be
between is high. The last column of this table contains the mean value
calculated as the arithmetical mean with the minimum and maximum
values excluded.

The intervals are relatively wide, but reducing the width further on
the basis of this statistics has no significant merit. As mentioned
above, values are scattered within these intervals approximately uni-
formly which means that the proportion of realisations drops very
rapidly when the width of the intervals is reduced.

Substantial information follows from the calculation of the mean
value. If the fact is accepted that the 10% deviation is negligible in the
case of the volume of the processed data, it is possible to state that
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Tab. 1 Intervaly spolehlivosti a stiedni hodnoty
Table 1 Confidence limits and mean values
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Parametr vypoctu Zvoleny interval spolehlivosti Podil realizaci v intervalu spolehlivosti Stfedni hodnota

The parameter of calculation The chosen confidence limits Proportion of realizations Mean value
of the confidence limits

Sedani povrchu 30-175% 90% 90%

Surface settlement

Deformace vyrubu 75-165% 70% 100%

Deformation of excavation

Sika poklesové kotliny 55-1459% 80% 93%

Settlement through width

Ackoliv prezentované vysledky misty vyznivaji vzhledem k nu-
merickému modelovani kriticky, je nutné konstatovat, Ze jde stle
0 nejucinnéjsi ndstroj, ktery v soucasné dobé existuje pro predikci
deforma¢niho chovdni horninového masivu pii razbé tunelu
k dispozici. Vzhledem k omezenému mnoZstvi provedenych test
je nutné vysledky studie povaZovat spiSe za indikativni a neni
mozné je brit za v§eobecné platné.

V ramci zpracovani rozsdhlého mnozstvi dat z monitoringu
tunelt bylo mozné provést vyhodnoceni dal§ich zajimavych uka-
zateldi pfi razbé tuneld NRTM v CR, jako je v tunelovém stavi-
telstvi Casto sledovany parametr ,,ztrity objemu zeminy*. Témér
vSechny hodnoty na analyzovanych fezech se pohybuji mezi
0,25 % a 0,70 %, pricemz stredni hodnota pri vylouceni obou
extrému je rovna 0,5 %.
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numerical calculations for the excavation of tunnels do not have the
tendency to create systematic errors in the parameters being observed.

Despite the fact that the presented results locally look critically in
relation to numerical modelling, it is necessary to state that numerical
modelling is still the most effective tool which we currently have got
available for the prediction of the deformational behaviour of ground
massif during the excavation of tunnels available. It is necessary with
respect to the limited quantity of the conducted tests to consider the
study results rather as indicative and it is not possible to take them as
generally valid results.

It was possible within the framework of processing a vast amount of
data from the monitoring of tunnels to evaluate other interesting parame-
ters existing during the excavation of tunnels in the CR using the NATM,
such as the “loss of ground”. Nearly all values of the loss of ground in the
analysed cross-sections oscillate between 0.25% and 0.70%, with the
mean value with both extremes excluded, is equal to 0.5%.
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KANALIZACNI SBERAC ,H" - 1. ETAPA
INTERCEPTOR SEWER ‘H' - 15T STAGE

TOMAS zITKO

ABSTRAKT

Stavebni spolecnost POHL cz, a.s., v soucasné dobe dokoncuje vystavbu prvni etapy kanalizacniho sbérace ,,H* (ddle jen KSHI)
v Praze Dolnich Pocernicich, ktery patii k vétsim podzemnim stavbdm provddénym na iizemi hlavniho mésta Prahy. Cldnek je zaméren
vice na oblast geotechniky a podzemniho stavitelstvi nezZ na oblast vodniho hospoddrstvi. Krome samotného realizovaného projektu jsou
v ném rovné? rozebrdna variantni FeSeni vybranych diléich detailu s uvedenim jejich prednosti ¢i nedostatkii.

ABSTRACT

The construction company POHL cz, a.s. is currently completing the 15! stage of the Interceptor sewer ‘H’(hereinafter ISHI) in Prague
Dolni Pocernice. It is one of the largest geotechnical projects under construction in the Capital today. This article is focused on the area
of geotechnics and tunneling rather than water management. Furthermore, the pros and cons of some technical details are discussed.

uvob

Prvni dvahy o vystavbé kanalizace v Dolnich Pocernicich
sahaji az do 80. let 20. stoleti, nicméné posun od akademic-
kych debat k realnému projektovani kanalizaéniho sbérace H
(dale jen KSH) se neustdle odklddal, a tak byla obec Doln{
Pocernice nucena jeho absenci docasné feSit vybudovanim
Cerpaci stanice v ulici Nad rybnikem, kterd preerpava odpad-
ni vodu z oblasti Vinice do méstského systému.

V 90. letech byly vypracovany studie feSici jednak variantu
gravitaéniho odvéadéni odpadnich vod, ale také zpusob odva-
déni splaskovych vod pomoci systému precerpavani. Po eko-
nomickém vyhodnoceni obou variant bylo vybrano reSeni gra-
vitaéni, nebot vyssi investiéni ndklady spojené s jeho vystav-
bou by mély byt v pomérné kratké dobée eliminovany vyrazné
niz§imi provoznimi ndklady. V roce 2008 doslo k vypracovani
projektové dokumentace pro vybér zhotovitele gravitaniho
zpisobu odvadéni odpadnich vod vyhledové az k COV Ujezd
nad Lesy. Z duvodu nedostatku finan&nich prostiedku se ter-
min zahdjeni stavby odklddal, a tak vlastni realizace KSH1
zapocala az v dubnu 2014.

ZAKLADNI INFORMACE O PROJEKTU

KSHI1 je navrzen ze sklolamindtovych odstfedivé litych
kanaliza¢nich trub DN800O SN 12500 PN10 v jednotném
spadu 3,9 %o a celkové délce 858 m.

Prvnich 17 m kanalizace bylo pokldddano do ryhy hluboké
3—-6 m (paZené pomoci paZicich boxi) situované v zatravnéné
oblasti mezi détskym hri§tém a fekou Rokytkou.

Zbyvajicich 841 m kanalizace bylo realizovdno technologii
ruéni razby a to po dil¢ich dsecich délek od 28 do 100 m
vymezenych 14 reviznimi Sachtami. Prvnich 116 m Stoly
(mezi $achtami S1 a $4) bylo raZeno v sedimentech a ndp-
lavich s vy$kou nadloZi cca 1-4 m (v dseku S1-S2 pod fekou
Rokytkou, od $2 pod vefejnou komunikaci v ulici Ndrodnich
hrdint). Zbyvajicich 725 m bylo provéadéno v prostfedi ordo-
vickych bridlic s vy$kou nadlozi 4—12 m pod vefejnou komu-
nikac{ v ulicich Nérodnich hrdint a Nad rybnikem.

GEOLOGIE

Geologické poméry tzemi

Pokryvné uUtvary v zdjmovém lzemi jsou zastoupeny fluvi-
dlnimi (fi¢nimi) a deluvidlnimi (svahovymi) sedimenty, holo-
cennimi ndplavami a navdzkami. Fluvidlni sedimenty jsou

INTRODUCTION

The first idea of the interceptor sewer in Dolni Pocernice dates
back to the 1980s. However, the design realization was postpo-
ned, hence the municipal district Dolni Pocernice had to build
a sewage lift station in the street ‘Nad Rybnikem’ to pump the
sewage from the district ‘Vinice’ into the sewerage system of the
city of Prague.

Preliminary studies dealing with two options of the sewerage
system (namely true gravity flow system and gravity system
with lift stations) were carried out in the ‘90s. Based on the eco-
nomical evaluation, the option one, true gravity flow system, has
been chosen since the higher acquisition costs should be shortly
eliminated with the lower operation costs. The tender design of
the true gravity system of the interceptor sewer into the waste-
water treatment plant ‘Ujezd nad Lesy’ was carried out in 2008.
The realization of the project was put off due to the lack of
funds. Consequently the construction was commenced in April
2014.

BASIC PROJECT INFORMATION

In the project of ISH1, centrifugally cast glass-fiber-reinforced
polymer mortar (CCFRPM) pipes DN800 SN12500 PN10 are
proposed at the uniform gradient of 3,9%o for the entire length of
858m.

The first 17m, situated in an urban area between a playground
and a brook ‘Rokytka’, were built with a cut & cover method.
The trench was 3m to 6m deep, supported by shoring boxes.

For the remaining 841m of the sewer line, a hand tunneling
technology was used. The entire length of the interceptor sewer
was divided by 14 manholes into particular sections with the
length of 28-100m. First 116m of the tunnel between shaft S1
and S4 was excavated in deposits with overburden of ca. 1-4m.
Section S1-S2 was situated under the brook ‘Rokytka’, and from
S2 further, under the road in the ‘Narodnich Hrdinu’ street. The
remaining 725m of the tunnel was excavated from Ordovician
schists with overburden of 4-12m under the road in the
‘Narodnich Hrdinu’ and ‘Nad Rybnikem’ streets.

GEOLOGY

Geological Composition

The land cover of the district is formed by fluvial and diluvial
deposits, Holocene river alluvium and made ground. The fluvial
deposits, formed along the brook ‘Rokytka’, are comprised of
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tvofeny pisky, Stérky a zahlinénymi pis¢itymi S$térky sand, gravel and silty sandy gravel. Less encountered diluvial
a vyskytuji se v oblasti Rokytky (zejména na dné koryta deposits consist of a clay and clayey or sandy silt with rock par-
feky). Deluvidlni sedimenty jsou zastoupeny v mens$i mife ticles. The Holocene river alluvium was created by motion &
a tvori je jily a jilovité &i pisCité hliny s dlomky hornin. erosion on the river bed therefore it is also located solely in the
Holocenni ndplavy vznikaly akumula¢ni ¢innosti Rokytky, beginning of the ISHI1 adjacent to the brook ‘Rokytka’. It is
vyskytuji se tudiZ také pouze na zacatku trasy KSH. Jsou tvo- composed of clayey or sandy silt. The proportion of sand and
feny jilovitymi a pis¢itymi hlinami, ve kterych se s pribyvajic{ gravel increases with depth. The made ground dominates as
hloubkou zvySuje podil pis¢ité a Stérkovité frakce. V prevazné a land cover along the proposed alignment and it typically forms
veét§iné trasy se pokryvné ttvary vyskytuji pouze ve formé the unbound sub-base course of the road surface with approxi-
navizek, které navic Casto tvori pouze konstrukéni vrstvy mate thickness of 0.5m.
pozemni komunikace o mocnosti pfiblizn€ 0,5 m. The bedrock of the territory is formed of the folded Ordovician
Skalni podloZi je v celém zdjmovém tzemi zastoupeno boh- succession of ‘Bohdalec’ and ‘Kralodvor’ formations. The
daleckym a krédlodvorskym souvrstvim zvrdsnénych ordovic- ‘Bohdalec’ formation consists of dark gray to black gray very fine
kych hornin. Bohdalecké souvrstvi je tvoreno tmavé Sedymi | micaceous clayey shales with uneven tufts of silts. Erosion causes
az CernoSedymi velmi jemné slidnatymi jilovitymi bfidlicemi, a fragmental disintegration and gray-brown discoloration. The final
misty se zvySenym vyskytem prachové frakce. Zvétrdvanim stage of this erosion is eluvial clayey silt or clay with shale particles.
se tyto biidlice ulomkovité aZ st¥ipkovité rozpadajf a zbarvuji | The ‘Kralodvor’ formation is comprised of gray, sometimes greenish
do Sedohnéda. Kone¢nym produktem jejich zvétravéni jsou non-micaceous clayey shales. They are quite soft and tend to weat-
jilovitohlinitd a jilovitd eluvia se stfipky biidlic. Krdlodvorské | her into clayey silt and clay with rock particles. In isolated spots, the
souvrstvi je tvofeno Sedymi, misty nazelenalymi bezslidnaty- | ¢layey shales within the bedrock are highly weathered. In this case
mi jilovitymi bfidlicemi. Jsou pomérné mékké a snadno zvét- they turn pale or bright and convert from rock to soft ground.

rdvaji na jilovitou hlinu a jil se stfipky hornin. Misty jsou jilo-
vé bridlice skalniho podloZi rozruseny silnim fosilnim zvétra- Hydrogeological Conditions

vénim, pfi kterém se nipadné svétle nebo i pestie zbarvuji The groundwater level within the district is about 2m below the
a ziskdvaji charakter zemin. surface and is highly influenced by the brook ‘Rokytka’ and pond
‘Pocernice’. The deposits and Holocene alluvium cause an aquifer
dependent on the surface water, soil permeability and atmospheric
precipitation. The ordovic shales do not form an aquifer and the
water flows solely through zones of tectonic fractures and saprolite
(weathered subsurface).

Hydrogeologické poméry tUzemi

Hloubka podzemni vody je v dané lokalité siln¢ ovlivnéna
pritomnosti feky Rokytky a pocernického rybnika a vyskytuje
se prumérné 2 m pod povrchem. Sedimenty a holocenni
ndplavy tvori jeden hydrologicky celek zavisly na povrcho-
vych tocich, propustnosti zeminy a atmosférickych sraZkach. SHAFTS DESIGN & CONSTRUCTION
Podzemni voda v prostredi ordovickych hornin nevytvari sou-
vislou zvoden a objevuje se v tektonicky porusenych zéndch
a ve zvétralé svrchni vrstve.

There are twelve ordinary manholes and one drop manhole (S13)
on the ISHI1 project. The Prague Water and Sewer Standard (herei-
nafter PWSS) distinguishes ordinary manholes by a depth to 12m,
NAVRH A HLOUBENI STAVEBNICH SACHET from 12m to 30m and over 30m. In this project, there are eight man-
holes with the depths of up to 12m (namely S2, S3, S4, S5, S6, S7,

. I\La KSHl ?yﬁo ga;rieno g:cvllfen,l ll\/f[”véacl?f:t, “ ;:eh(;)i jed12 S12 and S14) and four manholes with the depths between 12 and
Sachet reviznich a jedna spadiStova. Mestske standardy vodo- 30m (namely S8, S9, S10 and S11).

vodu a kanalizaci na dzemi hlavniho mésta Prahy rozliSuji

revizni Sachty hluboké do 12 m, 12-30 m a pres 30 m. Podle Shafts Intended for Manholes up to 12m Deep

tohoto kritéria je osm reviznich $achet do 12 m (52, S3, $4, For the manholes up to 12m deep, a pedestrian space with landing
S5, §6, $7, S12, S 14) a &tyfi nad 12 m hloubky (gg’ gg, glo’ slabs separated from a operational space is not required. Therefore
S11). the permanent structure could be easily manufactured from precast

concrete rings. In this case, the size of the temporary shafts was deri-
ved from the tunnel & shaft feasibility taking into account the stan-
dard ‘CBU 55/1996 Sb.’ of the Czech Mining Authority.

Based on this concept, rectangular temporary shafts with dimensi-
ons of 2.3x2.8m supported by steel mine frames K21 and UNION
lagging were proposed (Fig. 1). Spacing of the frames of the shallow
shafts started at 1.4m and was gradually reduced until the depth of
0.7m. The spacing of the deeper shafts was kept mostly at a uniform
pattern of 0.75m for the purpose of simplification.

The clamshell bucket excavators were used for the shaft excavati-
ons. They commonly reach up to 7m only, however using two exten-
sion bars allows for excavating up to 11m. The average progress rate
achieved with this machinery in a usual subgrade was about 0.6m per
shift. When hard rock was encountered and ‘Darda’ (a device breaking
the rock by pushing a hydraulic wedge between two blades inserted to
the pre-drilled holes; Fig. 2) with pneumatic jack hammers had to be
used, the progress rate fell down to 0.3m per shift at the lowest.

Navrh a hloubeni stavebnich Sachet do 12 m hloubky

Zéakladnim rysem reviznich Sachet do 12 m hloubky je, Ze
nevyzaduji odpoc¢ivadla a oddéleny lezni a manipulaéni pro-
stor. Diky tomu zabiraji pouze maly prostor a lze je snadno
sklddat z prefabrikdta. Pfi ndvrhu docasnych stavebnich
Sachet jsou tudiZ voleny minimdlni pudorysné rozméry
s ohledem na proveditelnost razeb pfi dodrZeni pozadavku
stanovenych vyhlaskou CBU 55/1996 Sb.

V tomto pojeti byly navrzeny obdélnikové stavebni Sachty
vnitfnich rozméru 2,3x2,8 m, pazené ocelovou dulni vyztuzi
K21 a pazinami UNION (obr. 1). Rozte¢e vyztuznych ramu
u mél¢ich Sachet za¢inaly na 1,4 m a s hloubkou byly postup-
né redukovdny az na 0,7 m. U hlub$ich Sachet byly roztece
z duvodu jednodu$siho provddéni aZ na vyjimky drZeny
v jednotném rastru 0,75 m.

Hloubeni se provddélo bagry s drapdky, které sice standard-
né dosdhnou pouze do 7 m, ale pri pouziti dvou prodluZova-
cich ndstavcd umoznily hloubit az do 11 m. Za pouziti této | Shafts Intended for Manholes from 12 to 30m Deep
mechanizace bylo dosahovdno prumérnych postupu ve stan- A pedestrian space separated from a operational space by a solid
dardnim geologickém prostfedi okolo 0,6 m za sménu. barrier is required for the manholes with a depth exceeding 12m. The
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V pripadé zastiZzeni extrémné tvrdych partii, které musely byt
rozvolnovany pomoci Dardy (zafizeni, které trhd horninu vha-
nénim hydraulického klinu mezi dvé lopatky vsunuté do pred-
vrtanych otvord, obr. 2) a ruénich pneumatickych kladiv,
postupy klesly az na hodnotu 0,3 m za sménu.

Navrh a hloubeni stavebnich $achet nad 12 m hloubky

Revizni Sachty nad 12 m hloubky musi byt vybaveny leznim
oddélenim s odpocivadly po svislych vzddlenostech max. 5 m
a oddeélenym manipulaénim prostorem. Méstské standardy
vodovodu a kanalizaci na izemi hlavniho mésta Prahy umoz-
nuji navrh jak obdélnikovych Sachet (s minimalnimi vnitfnimi
rozméry 1,65%x3,05 m), tak i Sachet kruhovych (o svétlém pru-
méru min 2,5 m).

Pro KSH byl vybran kruhovy pudorysny tvar z duvodu piiz-
nivéjsiho statického pusobeni (obr. 3). Pfenos horizontdlniho
napéti prostfednictvim normdlové sily, jak je tomu
u kruhovych Sachet (namisto vzdorovédni napéti ohybovymi
momenty ve sténdch Sachet obdélnikovych), jednak umoznu-
je redukci nosné vyztuze, ale hlavné se tak eliminuje rozevi-
rdani trhlin definitivni konstrukce, coZ vyrazné napomdha
spravné funkci vodostavebniho betonu.

Stavebni Sachty byly i zde navrzeny z dulni vyztuze K21
(tentokrdt s rozte¢emi 1 m) a pazin UNION s vnitfnim pru-
mérem rdma 3,25 m. Ohlubfiovy rdm se sklddal ze &tyf oce-
lovych vélcovanych nosnikd I300, na kterych byl poloZen
tvodni kruhovy rdm z dulnf vyztuZe K21 (obr. 4a). Toto feSe-
ni ohlubnového ramu kruhovych Sachet se stavebni spolec-
nosti POHL cz, a.s., jiZ v minulosti osvéd¢ilo (alternativné
Ize misto ivodniho kruhového ramu formujictho tvar staveb-
ni Sachty pouzit napfiklad pouze ohlubfiovy rdam
z vélcovanych profili ovSem za predpokladu, Ze se do kaz-
dého rohu ¢tverce vymezujiciho tvar Sachty jesté navic veva-
i rozpéra, aby rdm z vnitfni strany utvarel tvar rovnostran-
ného osmiuhelniku, obr. 4b).

Urc¢itou komplikaci pri hloubeni predstavoval stdvajici
kanalizaéni fad z potrubi DN300, ktery zasahoval do profilu
Sachet v hloubce 3—4 m pod povrchem, a tak musel byt vyve-
Sen a chranén proti mechanickému poskozeni. Po zjisténi pri-
tomnosti této kanalizace bylo rovnéZ zapotrebi upravit prova-
déci dokumentaci tak, aby stény budoucich reviznich Sachet
s potrubim nekolidovaly.

Hloubeni téchto Sachet bylo prfiblizné do 10 m hloubky
opét provadéno drapdky, po dosazeni této hloubky se preslo
na rozpojovani pneumatickymi kladivy, ru¢ni naklddani

Obr. 1 Stavebni Sachta do 12 m hloubky
Fig. 1 Shafts intended for manholes up to 12m deep

pedestrian space has to be built with landing slabs per maximal ver-
tical distance of Sm. The PWSS allows for rectangular manholes of
the minimal size of 1.65x3.05m or a circular manholes with the
minimal internal diameter of 2.5m.

For ISHI1 the circular shafts were proposed (Fig. 3) due to a more
favorable structural behavior — the horizontal load of the circular

Obr. 2 Hydraulicky klin, tzv. ,,Darda‘
Fig. 2 Hydraulic wedge ‘Darda’

zdrojisource: www.darda.de



Obr. 3 Stavebni Sachta nad 12 m hloubky
Fig. 3 Shafts intended for manholes over 12 deep

a odtéZovdni pomoci van a dulnich &i portdlovych jefdbu.
Prumérné postupy, kterych bylo takto dosahovdno, se pohy-
bovaly od 0,4 m do 0,5 m za sménu.

Spadistova Sachta - do¢asna konstrukce

Spadlistova Sachta bala situovana do mista stavajici erpaci
stanice a vytlatného radu, které byly po zausténi potrubi
DN300 ze dvou protilehlych stran do nové zbudovaného spa-
disté zruSeny. Vnitini rozméry rdmu stavebni Sachty byly
2x4 m s mezilehlou rozpérou priblizné v poloviné dels{ stra-
ny rdamu a vychdzely z provoznich pozadavka definitivni kon-
strukce. Pro zjednoduseni provddéni byly rozpéry do obvodo-
vych rdmu vkldddny s odstupem dvou etdzi. Ze statickych
davodu zde jiz nebylo mozné vyuzit dalni vyztuze a vyztuzné
ramy tak musely byt svafovédny z ocelovych vélcovanych nos-
nikd 1200 (ohlubriovy ram byl z profilu I300) typicky ve svis-
Iych osovych vzddlenostech 1 m. PaZeni bylo provadéno
zdtaznym, priloZznym i hnanym zpusobem s vyuZitim ocelo-
vych paznic UNION.

Zavé$ovani ramu muZe byt obecné provadéno nejruznéjiimi
zpusoby (obr. 5), napr.:

a) subtilngjsi vdlcované profily vevarené mezi stojiny val-

covanych nosniku;
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shaft is borne by axial force instead of the rectangular shafts where
the walls have to resist the bending moments. This allows
a reinforcement reduction and above all it eliminates the cracks of
the final lining, which is essential for a proper function of waterpro-
of concrete.

These shafts were supported by steel mine K21 frames and
UNION lagging as well. The internal diameter of 3.25m with uni-
form spacing of 1.0m was designed. POHL cz, a.s. prefers to use the
head frame composed of four I-beams I 300 with the initial circular
K21 frame installed on the top to define the circular shape of the
shaft (Fig. 4a). An alternative solution of using a head frame without
any initial frame can be used as well. In this case an extra I-beam
should be welded into each corner of the head frame to get an equi-
lateral octagon — a shape resembling a circle (Fig. 4b).

One complication occurred during the shaft excavation. The lay-
out of sewer shafts intersected the existing sewerage DN300 pipe at
the depth of 3-4m. The sewer pipes had to be protected by lagging
and suspended on the temporary lining of the shaft. Due to this col-
lision the final design of the permanent structures had to be amended
in accordance with the discovered layout on site.

The circular shafts were excavated up to ca. 10m also using clams-
hell bucket excavators with double extension bars. Below this level,
hand excavation with the pneumatic jack hammers and mucking out
through skips of mining or gantry cranes were employed with the
average progress rate of 0.4-0.5m per shift.

Shaft Intended for Drop Manhole

The drop manhole was proposed into the place of the existing
sewage lift station. The DN300 pipes, linked from both sides into the
lift station, were reconnected into the new drop manhole and the sta-
tion was removed. The inner size 2x4m of the shaft was derived
from the operational requirements for the drop manhole. The sup-
porting frames were strutted approximately in the middle of the lon-
ger sides of the structure. The struts installation was two levels
delayed to facilitate the construction. The steel mine frames could
not be used due to the low stiffness therefore frames welded from I-
beams were proposed. The head 1 300 frame and the supporting 1200
frames with 1m spacing were designed. The UNION lagging was
again used — installed after the shaft excavation at the top levels and
forepoled at the bottom.

There are many options how to suspend the supporting frames
(Fig. 5), for instance using:

a) smaller beams axially welded on the I-beam webs of the frames;

b) the square/circular hollow beams welded on the I-beam webs;

¢) threaded roads with four hex nuts and washers;

d) threaded rebars with tube spacers and wing nuts;

e) steel flat bars welded on the front sides of both flanges (inward

to the shaft);
f) steel flat bars welded on the outer sides of both flanges.

The above-mentioned options have the following disadvantages:

ad a) higher price and low quality welds as a result of poor access
to the welded edges and welding upwards over the head of
the welder; the hangers do not allow to suspend the frames
prior to welding;

ad a) ditto point a; moreover, the thickness of the hollow beam
wall has to be at least 3mm otherwise the welded edge could
be burned and subsequently the quality of the weld would be
very poor;

ad c) expensive;

ad d) expensive, complicated (workshop preparation needed);

ad e) applicable with IPE-sections only since they have straight
flanges instead of the I-sections; the hangers do not allow to
suspend the frames prior to welding thus the frame has to be
wired or underlain.
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b) trubky ¢i jekly vevarené mezi stojiny vdlcovanych nos-

niku;

c) zdvitové tyCe se 4 podloZkami a maticemi;

d) pruty betonarské vyztuze s vykrouZenymi zdvity

a distan¢niky z trubek;

e) dva pasy z ploché oceli navarené vZdy na predni stranu

priruby;

f) dva pdsy z ploché oceli privarené na vnéjsi povrch prirub

vélcovanych nosniku.

Stavebni spole¢nost POHL cz, a.s., pouzivd plochou ocel
navarenou na vnéjsi piiruby ocelovych nosniku (varianta F).
Jednd se o levné feSeni, velmi jednoduché na provadéni
a navic lze plochou ocel pretdhnout pres ram a skrz vypdleny
otvor poté protdhnout roxor, na ktery se nosnik muZe poloZit,
coZ usnadnuje svafen{ rdmu. Nevyhody vy$e zminénych vari-
ant jsou nasledujici:

ad a) vyS3i cena a slozity zpusob svafeni a z toho plynouci

i niz8i kvalita svaru — Spatny pristup k svarovanym
gastem; svareni smérem vzhiru nad hlavou svérede;
nosniky nelze pred svarenim zavésit;

ad b) stejné jako ad a) (navic je pri volbé profilu vhodné

myslet na to, Ze stény s tlouStkou pod 3 mm se pri sva-
feni muZou spalovat a kvalita svdru je tak velmi
nizka);

ad c) drahé;

ad d) drahé, slozité (nutnost dilenské pripravy);

ad e) pouzitelnd pouze v kombinaci s rdmy z vdlcovanych

nosniku typu IPE, které maji (na rozdil od I-nosnika)
rovné priruby; nosniky nelze pred svarenim zavésit
a musi se podkladat.

NAVRH STOLY A PROVADENI KANALIZACE

Navrh osténi

Pro ulozeni sklolaminatového potrubi Superlit DN 800 byla
navrzena Stola lichobéznikového profilu o plose vyrubu
3,5 m?. Staticky vypocet piipoutél variantu paZeni ve vhod-
né geologii pomoci subtilnich profild TH 16,5 &i prazskych
rdmu. Kvalitativni parametry bfidlic zastiZenych v trase byly
ovSem natolik proménlivé, Ze zavodni pouZiti téchto mékkych
profilt z bezpe&nostnich divodu zakdzal. Provddén{ az 100 m
dlouhych tseku ve stisnénych podminkach prazskych ramu
by navic prinaselo fadu komplikaci a zdrZzeni jak pri razbé
Stoly, tak pfi osazovani a zalévani potrubi a tak by se ekono-
micky prinos této technologie stejné zcela vytratil.

Stola byla tedy pro standardni geologii navrzena s paZenim
pomoci rdmu z dulni vyztuZze K21 (instalovanych po 1 m)
a pazin UNION. Ve zdravych jilovitych bridlicich bohdalec-
kého a krélodvorského souvrstvi a v kfemennych piskovcich
polyteichové facie bohdaleckého souvrsvti byly stény pazeny
priloznym bukovym paZzenim (obr. 6, 7). Pro razbu
v holocennich a pleistocénnich ndplavich a v tektonicky poru-
Senych bridlicich bohdaleckého a kralodvorského souvrstvi
bylo navrzeno paZeni z dulni vyztuze K24 (ve vzdélenostech
podle zastizené situace — 0,6/0,8/0,9 m) s predrdZenim paZin
UNION po celém obvodé ramu (obr. 8). Pfi zjevnych proje-
vech nestability elby bylo nafizeno provadét &ilkovani (bud
pomoci ploché oceli a paznic UNION, nebo pomoci dreve-
nych hranolu a foSen (obr. 9, 10).

Pred zahdjenim razby je vzdy nutné provést tzv. vyménu.
Jednd se o vloZeni vertikédlnich vyztuznych prvka do horizon-
tdlntho podpurného systému umoZiiujici preruseni vyztuznych
rdma a odstranéni paZin v mist€ budouci razby. Vyménu
u Sachet paZenych dulni vyztuzi zpravidla tvori opét pruty
dulni vyztuZe uchycené k vodorovnym rdmum tfmenovymi

TuHel

Obr. 4 ReSeni ohlubriového ramu kruhové Sachty: 1 — uvodnilvyztuZny ram
ram (K21); 2 — paZiny UNION; 3 — obetondvka ohlubné; 4 — lezni oddéleni;
5 — tirmeny; 6 — zdbradli; 7 — ohlubriovy ram (1300); 8 — betonovy zdklad
ohlubriového ramu; 9 — rozpéra ohlubrniového ramu (1220)

Fig. 4 Head Frame Layout of the Circular Shaft: 1 — K21 initial frame;
2 — UNION lagging; 3 — cast-in-place sealing collar; 4 — Rung ladder equip-
ped with safety cage; 5 — Yoke joint; 6 — Handrail; 7 — Head frame (1300);
8 — Footing; 9 — I-beam strut (1220)

The construction company POHL cz, a.s. prefers the option F. It is
cheap, easily implemented and moreover, the steel flat bars can by
dragged over and burned through. Then a rebar is passed through the
burned holes and the frame is put on. This provides a temporary hol-
der of the frame in the required position, which simplifies weldiang.

TUNNEL DESIGN & CONSTRUCTION

Tunnel Design

The trapezoidal tunnel with excavation area of 3.5m* was propo-
sed for installation of the Superlit CCFRPM sewer pipes DN 800.
Based on the performed design analyses, the frames of the light steel
mine section TH 16.5 or egg-shaped frames of steel flat bars (so cal-
led ‘Prague’s Frames’) were allowed to be used in suitable geologi-
cal conditions. However the geological conditions encountered
along the proposed alignment were so heterogeneous that the site
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Rez X-X
Cross-section X-X a)

YT-_ ‘-';it

RezY-Y
Cross-section Y-Y a)

Obr. 5 Ruzné zpusoby zavéSeni nosnikii: 1 — ocelovy vdlcovany nosnik 1200; 2 — ocelovy vilcovany nosnik IPE200; 3 — vdlcovany nosnik I80; 4 — ocelovd trub-
ka 51/3,2; 5 — zdvitovd ty¢ DIN 975 M12x1000 4,8; 6 — roxor 12 mm s vykrouZenym zdvitem; 7 — plochd ocel 60/8; 8 — Sestihrannd matice DIN 934 M12;
9 — kridlovd matice DIN 315 ZN M12; 10 - plochd podlozka DIN 125 13; 11 - plochd podlozka DIN 440 14; 12 — trubka 22/2,6; 13 — roxor 6 mm

Fig. 5 Some options of supporting frame suspension: 1 — 1200 rolled steel beam; 2 — IPE200 rolled steel beam; 3 — 180 rolled steel beam; 4 — 51/3.2 steel tube;
5 — Threaded road DIN 975 M12x1000 4.8; 6 — Threaded rebar 12mm; 7 — Steel flat bar 60/8; 8 — Hex nut DIN 934 M12; 9 — Wing nut DIN 315 ZN M12;
10 - Steel washer DIN 125 13; 11 —Steel washer DIN 440 14; 12 — 22/2.6 steel tube; 13 — Rebar 6mm

spoji. V piipadé rdmu z vélcovanych I-nosniku se vyména
zpravidla provadi z vdlcovanych U-nosnikt. Obvykle je nutné
staticky systém zesilit, aby rdmy nad prordzkou byly schopny
prenést i sily od vymén piendSené z prerusenych ramu. Toto
zesilen{ se miiZze provadét bud zdvojenim rami, pouZitim tuz-
S$iho rdmu nebo pouZzitim horninovych svorniku. PouZiti hor-
ninovych svornika je sice ze statického hlediska bez vyhrad,
nicméné z hlediska proveditelnosti je to feSeni pomérné
nestastné. Pro provddéci firmu to totiz znamend zbyte¢né
nasazeni dal$i technologie, z ¢ehoz plynou dal§i ndroky na
vybaveni (Permon, injektazni Cerpadlo, chemie) a zajiSteéni
pozadované kvality (zkuSend osddka). Pouziti tuz§iho rdmu
v praxi znamend pouZiti rdmu vét§ich rozméru, coZ muZe koli-
dovat s pozadavky na minimdlni svétly prostor v Sachté.
Nejvhodnéjsim feSenim je proto pouZiti zdvojenych rdmu —
profil, ktery se v Sachté standardné pouziva, se osadi dvakrat
s vynechdnim cca 10 cm pro tfmeny/svarovani. V takovém
pripadé neni nutné 7ddné dal$i vybaveni, osddka provadi
pouze tkony, na které je zvykld a zdvojeny rdm muZe navic
poslouzit k predraZeni stropu, takZe ve stabilnim prostredi,
kde se nepredrdzi boky, pak neni nutné instalovat nakracujici
ram.
RazZba Stoly

Jak jiz bylo feceno, jednalo se o razbu v proménlivé geolo-
gii. Zatdtek trasy mezi S1 a S4 byl provddén v sedimentech
a ndplavdch s intenzivnimi pritoky podzemni vody, od Sachty
S4 razba pokratovala v biidlicich velmi nestalych vlastnosti.
V uréitych partiich (pfiblizné v 10 % z celkové délky trasy)
byla hornina velmi tvrdd (pevnost v prostém tlaku pres
90 MPa) a jen o péar metra dal pevnost prudce klesla (pod
4 MPa), nebo toto ostré geologické rozhrani prochdzelo primo
celbou. Zvazovalo se i nasazeni trhacich praci, nakonec bylo
rozhodnuto pro prekondni tvrdych partii pouZit rozpojovani
hydraulickym klinem (zafizeni Darda; obr. 2) Setrné&jsi
s ohledem na silné nehomogenni prostiedi.

Ve standardni geologii (krdlodvorské a bohdalecké bridlice
s pevnosti okolo 10 MPa — tfida R4) se hornina rozruSovala
pomoci pneumatickych kladiv a odtéZovala pomoci rué¢nich
voziki pohybujicich se po vodicich pasech z paznic UNION.

manager opted against a soft tunnel lining forbade. The excavation
of the 100m long sections within the confined spaces of Prague’s
Frames would be too slow and complicated hence the economic
benefits of this method would disappear anyway.

The trapezoidal steel mine frames K21 per one meter and UNION
lagging were designed for the tunnel lining in the usual ground con-
ditions. The beech timbering was used in fresh shales and quartz
sandstones (Fig. 6, 7). The K24 steel mine frames with UNION lag-
ging forepoled around the frames were used in the deposits and high-
ly weathered shales (Fig. 8). The round length in the weathered rock
was 0.6m, 0.8m or 0.9m, based on the in situ conditions. In cases
where the tunnel face tended to be unstable, the UNION, or beech
face lagging was installed (Fig. 9, 10).

Prior to the breaking through the lining of the shaft, the supporting
frames within the breakout area had to be removed and vertical gir-
ders had to be installed on both sides of the opening to carry the load.
In cases where the steel mine frames K21 supported the shaft, the
girders were made from K21 as well. A yoke joints were used to fix
the girder to the frame. In the shaft supported by I-beam frames, the
U-beams were welded on the frames as the vertical girders. As soon
as the frames within the breakout area were perforated, the frames
above had to bear the load transferred from the perforated frames.
Therefore, the structural system over the crown had to be strengthe-
ned. In general, strengthening can be done by doubling frames, using
a stiffer frame, or by using rock dowels. Using the rock dowels
works in terms of bearing load, however from the construction point
of view it is not felicitous. It necessitates extra technology for the
contractor; it means extra equipment (pneumatic rock drill, grout
plant, chemicals) and higher quality-control demands (skilled crew).
Using a stiffer frame inherently means using a frame of a larger size,
which reduces the space within the shaft. Therefore, the most con-
venient solution is the frame doubling with roughly 10cm of mutual
clear distance left for welding/yokes. That solution does not demand
any further equipment and the crew conducts routine operations
only. Furthermore, doubled framing can be used for tunnel crown
forepoling, hence the initial temporary frame cannot be installed in
stable ground conditions, where only the crow is forepoled and side-
walls are simply lagged.
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Rez B-B
Cross-section B-B

Rez A-A
Cross-section A-A =
B :

Tunnel Excavation
As mentioned above, the
A tunnel was situated in mixed-
ground consisting of deposits
with a high water inflow

(from the shaft S1 to S4) and

a wide range of shales (from
the shaft S4 further). There

was a highly weathered rock

2075

mass with the unconfined
compressive strength under

4MPa mingled with a fresh

rock mass with the unconfi-

ned compressive strength of
over 90MPa (approximately
10% of the entire volume).
This geological interface
often intersected the tunnel
face. Blasting was conside-
red to get through this fresh

Obr. 6 PFi¢ny a podélny Fez §tolou ve zdravych bfidlicich: 1 — vyztuzny rdam z dulni vyztuZe K21; 2 — ocelovy prdh
z vdlcované ho nosniku U160; 3 — trmeny; 4 — vodorovné vyztuhy z ploché oceli 60/8; 5 — predrdZené paziny UNION; 6 —

bukové paZiny

Fig. 6 Drawing of the tunnel excavated in fresh rock: 1 — K21 steel mine frame; 2 — Steel strut U160; 3 — Yoke joint; 4 —
Longitudinal brace from Steel flat bar 60/8; 5 — UNION forepoling; 6 — Beech timbering

Pramérné postupy, kterych bylo takto dosahovéno, se pohy-
bovaly okolo 0,9 m za sménu, v pripadé razby v extrémné
tvrdé geologii (kfemenné piskovce z polyteichové face
s pevnosti 120-140 MPa - tfida R2) s nasazenim Dardy kles-
ly na cca 0,5 m za sménu a v nestabilnim geologickém pro-
stiedi navédzek, sedimentu a silné zvétralych bridlic se razilo
rychlosti priblizné 0,75 m za sménu.

ProtoZe mocnost nadloZ{ sedimentu a naplav pod korytem
Rokytky dosahovala pouze cca 0,8 m, byla ri¢ka (pred zaha-
jenim razby tohoto useku) 5 m od osy kanalizace zahrazkova-
na a prevedena tfemi kusy sklolamindtovych trub.

Pri razbé KSHI1 bylo nutné celkem dvakrdt urychlené fesit
projevy nestability Celby v intenzivné rozruSenych partif
nasycenych vodou. V prvnim pripadé doSlo pri razbé k ra-
zovému vysypani silné zvétralé horniny nad korunou Stoly
doprovazené intenzivnim pritokem vody. OkamZité bylo pro-
vedeno zarazeni paznic UNION na plnou délku, a protoze
porucha zasahovala i do ¢elby, bylo rovnéZ provedeno zadil-
kovani, ¢imZ se Stola stabilizovala. Poté bylo osténi
v poruchové oblasti zesileno dodate¢nymi rdmy (ty se zafixo-
valy privafenim vodorovnych vyztuh z ploché oceli
k ostatnim rdmum a aktivovaly se pomoci dubovych klinu).
Didle byly osazeny nové méri¢ské body jak ve $tole, tak i na
povrchu a zvysila se Cetnost méfeni v této lokalité az do usta-
leni deformaci. Nakonec byla provedena sanace poruchové
z6ny injektdzi dvouslozkové polyuretan-silikdtové pény
(MasterRoc MP 367 od spol. BASF) skrz dvé IBO kotvy navr-
tané do ruznych vyskovych drovni vytvofené kaverny nad
raZenou Stolou.

Ve druhém pifpadé doslo k projevim nestability pfi instalaci
ramu do prostoru osténi spadistové Sachty po odstranéni jejiho
osténi. Materidl se do Sachty sesunul dfive, neZ byla instalace
prvniho rdmu dokoncena a zdvojeny ram v prostoru nad pro-
razkou tak prisel velmi vhod. Byl skrz néj predrazen strop $toly
a ndsledné mohla byt ocelovymi paznicemi zacilkovéana Celba.
Poté jiz mohl byt rdm do osténi Sachty fadné vevaren a rovnéz
smontovan rdm nakracujici, pres ktery se nasledné predrazila
prvni sada paznic UNION. ProtoZe poruchovd zéna v této
oblasti pokrafovala dél, bylo i v dalSich zdbérech provadéno

rock; however in the end it
was not deployed. Instead,
a hydraulic wedge called
‘Darda’ (Fig. 2) was used to
lessen the impact of the brea-
king works on the weathered zone within the heterogeneous tunnel
face.

The tunneling within the usual ground conditions (shales with
the strength of ca. 10MPa) was done by the pneumatic jack ham-
mers and mucked out in hand carts moving along the guide strips
made from UNION lagging. The average progress rate was about
0.9m per shift. In cases when the fresh rock with the strength of
120-140MPa was encountered and the hydraulic wedge Darda had
to be used, the progress rate fell to ca. 0.5m per shift. The excava-
tion progress rate within the unstable subgrade of the deposits and
highly weathered shales was about 0.75m per shift.

Due to the low overburden of the deposits under the river
‘Rokytka’ (ca. 0.8m only), a temporary dam system had to be built
in 5m from the sewer axis. The river was directed over the tunnel
through 3 pieces of the CCFRPM pipes.

Two incidents relating to the partial face failure occurred during
the ISH1 construction. In the first one, a highly weathered zone
was encountered within the tunnel crown and the weathered shale
with a water burst into the tunnel. The UNION lagging of the
crown was immediately forepoled in its full length. Then a face
lagging was installed since the failure zone reached the face as
well. This stabilized the tunnel. The lining could be further strengt-
hened by installing extra frames, wedging them in between the
regular ones, and connecting them together with welded steel flat
bars. New survey targets were installed in both the tunnel and sur-
face and measurements were taken more frequently until the dis-
placements were stabilized. Finally the failure zone was grouted by
two component urea-silicate fumes (BASF MasterRoc MP 367)
through two DYWI Drill Hollow Bars drilled into the cavity
through two levels.

The second event occurred in the drop manhole during the first
frame installation, after the lining of the shaft was removed. The
weathered shale slid into the shaft before the first frame could be
installed. Here the above-described frame doubling was used for
quick forepoling of the tunnel crow. The tunnel face was lagged
and then the first frame and (initial)(second?) frame were properly
installed. Since the weathered zone extended further, the face
beech timbering was also applied to the following sequences (Fig.
10). The induced cavity, together with the temporary shaft, was fil-

led by a fly ash concrete during the drop manhole construction.




Obr. 7 Razba ve zdravych jilovitych bridlicich
Fig. 7 Tunnel excavation in fresh shale

Cilkovani (tentokrat jiz pomoci drevénych paZzin; obr. 10).
ProtoZe se kaverna nachazela hned za osténim, byla vyplnéna

spoleéné s betonazi definitivniho osténi. V tomto pripadé tedy
nebylo zapotiebi prostor nad Stolou sanovat injektazi.

Monitoring

Od zapoceti stavebnich praci je dusledné provadén monito-
ring. Po celé trase $toly byly méfeny deformace v kon-
vergen¢nich profilech standardné umisténych po 10 az 20 m
v zavislosti na stavebnich objektech na povrchu, vzdélenosti od
Sachet a zastiZzeném geologickém prostiedi (v nestabilnim geo-
logickém prostied{ a v blizkosti Sachet &i stavebnich objektd na
povrchu jsou voleny krat$i vzdalenosti). Sledovéni jednotli-
vych konvergenénich profila se sklddalo z méfeni deformaci
totdlni stanici (trigonometrickou metodou) mezi tfemi body
osazenymi na rdmu dulni vyztuZze ve Stole (vzdy jeden bod
v koruné a na kazdé strané opéfi) a z provadéni velmi presné
nivelace (pfesnost na 0,1 mm) na tfech az péti bodech na povr-
chu. Velmi presnou nivelaci byly také sledovany poklesy
ohlubniovych rdmu stavebnich Sachet a stavebni objekty na
povrchu v dosahu teoretické poklesové kotliny. Déle byla sle-
dovdna geometrie stavebnich jam pomoci rozpérné late.

Méfeni bylo standardné provddéno jednou tydné,
s ustalovanim deformaci byla jeho Cetnost sniZovéna a pri
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Monitoring

From the beginning of the ISH1 construction, the project has
been properly monitored. The convergence monitoring has been
performed in defined sections along the proposed alignment.
The sections were established over distances of 10-20m, based
on the surrounding buildings & shafts layout and the encounte-
red geological conditions. Shorter spacing of the convergence
sections was chosen for unstable grounds and around adjacent
buildings or excavated shafts. Surveying each section consisted
of measuring the tunnel displacements with a total station (three
survey targets fixed at the frame) and levelling 3 or 5 points on
the ground surface with a precise level (accuracy 0.lmm).
Levelling was also used for surveying adjacent buildings and
head frames of the shafts. Moreover, the geometry of the shafts
was checked by telescopic measuring rod.

In general, the surveying process was carried out on a weekly
basis and was conducted less frequently with fewer displace-
ments or more frequently with increase of displacements. The
usual displacement on the ground surface was ca. 7mm, vertical
deformation of the tunnel was ca. 4mm and mutual deformation
of the installed survey targets was about 3-4mm.

CCFRPM Sewer Pipe Installation

A proper floor with an accurate level and decline is crucial for
a trouble-free pipe installation. The floor was built in the follo-
wing steps. Firstly, short rebars were stuck into the gravel layer
on both sides of the tunnel and the surveyor marked them with
the level of the floor. On these marks, steel flat bars 50x3mm
were welded to both sides along the tunnel walls and the pro-
truding ends of the rebars were cut. Then the concrete was cast
on the floor and leveled to the desired slope by sliding a timber
on the guided edges of the steel flat bars. The concrete was tran-
sported into the tunnel from the concrete Schwing pump via
concrete pump pipes and rubber hoses. In two or three days, the
concrete gained sufficient strength for pipe installation.

The sewer pipes were transported with a home-made handcart
(a simple cradle with four wheels). The pipes were first placed
on the side of the tunnel one after the other (Fig. 11), then they
were connected and directed into the desired position. For
assembling sewer pipes, a hand jack was used, propped against
the supporting frames of the tunnel. For short distance tran-
sportation of the sewer pipes inside the tunnel, simple ca. 1m
long steel tubes were used. They were placed transversally
underneath the sewer pipe and rolled as the pipe was pushed. As
soon as a pipe was connected to the previous one, its position
was properly measured and directed by a pipe laser. If the inc-
line of the pipe did not match the required gradient, a steel plate
bar was put underneath to align the pipe. Finally the pipeline
was fixed by steel clamps anchored in the concrete floor and
strutted by wooden beams against the tunnel crown and walls.

TUNNEL BACKFILL

After the pipe line was installed, the tunnel was backfilled
with the fly ash concrete of the 28-days strength ranging from 3
to 6MPa. The fly ash concrete is a liquid material (consistence
more than class F7 — SCC, according to the EN 12350-5, i.e. the
concrete spread over 850mm), which fills the space completely
(including the space behind the lining), even tens of meters
away from the spread line, without any compaction. Therefore,
the gravity line only (no pumps) could be used to get the mate-
rial into the tunnel. Since it is self-compacting (SCC) it has the
ability to fill even the space above the tunnel crown. There are
two disadvantages of its high water content. The first downside
is the slow strength gain and the second is about 25% volume
loss during the hardening.
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projevech nestability byla naopak zvySovdna. Namérené
deformace na povrchu v ose Stoly se standardné pohybovaly
okolo 7 mm, vertikdlni deformace ve Stole byly cca 4 mm
a rozteCe mezi jednotlivymi body osazenymi na rdmu dalni
vyztuze byly 3—4 mm.

Zavazeni sklolaminatovych trub Superlit DN800

Zékladem snadného zavdZeni trub je provedeni kvalitni
podlahy v poZadované vySce a spaddu — postup byl nasleduji-
ci: po strandch Stoly se do $térkové podlahy napichaly pruty
betonarské vyztuze, na kterych se (ve spoluprdci s geodetem)
vyznacila vyska podlahy; na tyto znaCky se posléze privarila
pasova ocel 50x3 mm a odrezaly se pre¢nivajici konce vyztu-
Ze; poté byla zahdjena betonaz s tim, Ze se beton rovnal do
pozadovaného sklonu pomoci laté posouvané po pripravenych
vodicich hranach z pasové oceli (beton byl dopravovan ocelo-
vym a pryZovym tlakovym potrubim z autocerpadla Schwing
pristaveného u ohlubné). Po dostate¢ném vytvrdnuti betonu
(bézné dva az tfi dny) se zacalo se zavaZenim trub.

Kanalizacni trouby se do $toly dopravovaly na jednodu-
chém ruénim voziku (Ctyfi koleCka a kolébka svafend
z pasové oceli). Nejprve se poskladaly jedna za druhou po
strané $toly (obr. 11), poté se zacaly napojovat (k zatlaceni do
hrdla se pouzival obyCejny ruéni hever, zapfeny o ramy
z dulni vyztuZe) a rovnat do poZadovaného sméru.
K manipulaci s kanalizaénimi troubami na kratké vzdalenosti
ve Stole poslouzily obycejné cca 1 m dlouhé ocelové trubky,
kterymi se vzdy prepravovana kanaliza¢ni trouba pri¢né pod-
lozila a pak se po nich jednoduSe valila. Po osazeni kazdé
trouby se provedlo jeji proméfeni trubnim laserem a v pripadé
zjisténi odchylky od poZadovaného sklonu se trouba dorovna-
la podloZenim pdsovou oceli. Poté se potrubi zafixovalo
pomoci ocelovych timenu zakotvenych do betonové podlahy
a dfevénych hranolu rozepienych do stropu a do stran.

ZALEVANI STOLY

Kanaliza¢ni potrubi ve Stolach se zalévd cementopopilko-
vou suspenzi (ddle jen CPS) pevnosti v prostém tlaku po 28
dnech mezi 3 a 6 MPa. Jednad se o tekutou hmotu (stupen kon-
zistence podle EN 12350-5 je vice nez F7, tzn. rozliv nad
850 mm), kterd dokonale vyplni veSkeré volné prostory (vcet-
né prostoru za osténim) i do vzdélenosti desitek metru od
mista rozlivu bez jakéhokoli hutnéni. Do $toly muZe byt tudiz
dopravovdna pouze gravitatné bez nutnosti pouZziti ndklad-
nych pupm a je samonivelaéni, coZ zabezpe¢i vyplnéni pro-
storu i nad korunou Stoly. Nevyhodou vysokého obsahu vody
v CPS je velmi pomaly nérast pevnosti a ptiblizné 25% ztréta
objemu pfi jejim zrani.

Pred zalévdnim Stoly CPS byly po cca 40 m vyzdény pre-
pazky (ztracené bednéni) a nainstalovdno potrubi pro zaléva-
ni (zpravidla se pouzivalo hladké kanalizacni KG potrubi
z nemékceného PVC s gravitaéni dopravou smési z automixu
pristaveného u ohlubné). V poZzadovanych mistech musely byt
navic vyzdény tésnici prepazky z jilovych nepalenych cihel,
které brani migraci vody podél Stoly po jejim zaliti. Potrubi
bylo zalévano po etdZich, aby nedoslo k jeho vyplavani nebo
naruseni ovality. Po dokonéeni kazdé etdze se vzdy privodni
potrubi rozmontovalo a vyplachlo. Cely proces zalévdni byl
proto pomérné zdlouhavy a také fyzicky naro¢ny (vzhledem
k préci ve §tole malych rozméra, kde uz tou dobou byla vyska
manipula¢niho prostoru sniZzena betonovou podlahou
a prostor byl navic blokovdn do tfech stran rozepfenou kana-
lizacni troubou).

Obr. 8 Razba v tektonicky porusenych bridlicich a ndplavdch
Fig. 8 Tunnel excavation in deposits

Before the tunnel could be backfilled, partitions had to be
built per every ca. 40m and the gravity concrete line from sewer
smooth non-softened PVC pipes had to be installed. Moreover,
in defined sections, sealing walls from unfired clay bricks had
to be built to prevent any water migration along the backfilled
tunnel in the future. The tunnel was backfilled sequentially in
several steps to prevent pipe floating or flattening. The concre-
te line had to be disassembled and sluiced out after each step.
Hence the whole process was quite lengthy and physically
demanding, especially due to the confined work space within
the tunnel with concrete floors and strutted sewer pipes.

MANHOLES CONSTRUCTION
Manholes up to 12m Deep

The manholes up to 12m deep were assembled from precast
concrete manhole rings. Firstly, a base unit with tiled channel
DN 1200 was founded on the concrete in situ base and the sewer
pipes were connected. Then a manhole ring DN 1200, an eccen-
tric flat top (DN reduced from 1.2m to 1.0m) and an eccentric
cone (DN reduced from 1.0m to 0.8m) were stacked up. After
that, the shaft was backfilled with the fly ash concrete at least
above the level of the tunnel crown. Then the DN 800 manhole
rings were stacked up to the desired level, while simultaneous
backfilling & compacting the adjacent spaces within the shaft.
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Rez C-C
Cross-section C-C

Rez D-D
Cross-section D-D
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Obr. 9 PFicny a podélny rez Stolou v ndplavdch: 1 — vyztuzny ram z dulni vyztuZe K24; 2 — ocelovy prdh z vdlcované ho nosniku UI60; 3 — timeny; 4 — vodo-
rovné vyztuhy z ploché oceli 60/8; 5 — predrdzené paZiny UNION; 6 — &ilkovdni z dievénych foSen a hranolu
Fig. 9 Drawing of the tunnel excavated in weathered rock or deposits: 1 — K24 steel mine frame; 2 — Steel strut U160; 3 — Yoke joint; 4 — Longitudinal brace

from Steel flat bar 60/8; 5 — UNION forepoling; 6 — Face timbering

Obr. 10 Cilkovdni pomoci dievénych bukovych foSentl. 40 mm a hranoli
120x120 mm
Fig. 10 Face timbering from beech 40mm thick propped up by spruce struts
120x120mm

Finally a second eccentric cone (DN reduced from 0.8 to 0.6m)
and grade rings with a cast iron cover were installed and the
road layers were rebuilt.

The steel from the lining of the shafts could be dismantled
and reused. However, due to the tight schedule, only the upper
two levels were removed.

Manholes from 12m to 30m Deep

As mentioned above, the pedestrian space separated from the
operational space by a solid barrier is required for the manholes
with the depth over 12m. Accordingly, a significantly larger
internal space is required, hence the precast segments are not
suitable.

In case of the ISH1, the existing sewerage pipe DN 300 cros-
sed the layout of the manholes. Therefore the structure below
this sewer pipe was cast-in-place. This structure was covered
with an in-situ precast concrete flat top with two openings inten-
ded for the operational and pedestrian spaces. Thereafter, the
precast manhole rings DN 800 were stacked upon the openings.

The lining of the shaft was used as a permanent formwork of
the cast-in-place walls. To ensure impermeability, a crys-
tallization additive Xypex was used in the concrete mixture.
The inner shutter was 3m high. A combination of swelling tapes
and steel plate waterstops Aquafin CJ5 with a crystallization
coating was used to seal up the construction joints. The interfa-
ce of precast concrete and cast-in-place concrete was sealed
with a double row of swelling tapes (tapes with delayed swel-
ling were used in wet conditions). In addition, a polyurethane
sealant with a foam backfill rod (behind) was applied intrados.
The manhole channels were tiled with basalt to achieve durabi-
lity.

Drop Manhole

The whole drop manhole was cast-in-place and tiled with gra-
nite bricks. Stream-breakers were installed on the front and
back wall and recessed steps were made on the side wall. The
cannel was made from granite and the back drop pipe from
basalt DN 400.
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VYSTAVBA REVIZNICH SACHET

Provadéni reviznich sachet do 12 m hloubky

Revizni Sachty do 12 m hloubky byly kompletné vysklada-
ny z prefabrikovanych skruzi. Skladba vzdy zacinala prefab-
rikovanym betonovym dnem DNI1200, které se osadilo
a urovnalo na podkladni beton a napojilo se na kanaliza¢ni
fad. Na Sachtové dno se posadila skruz stejného praméru,
nédsledovala betonovd deska, kterd redukovala vnitfni prumér
z 1,2 m na 1 m a poté konicky kus, ktery vnitini primér déle
redukoval z 1 m na 0,8 m. Tato sestava se ndsledné zalila CPS
minimélné do vysky vyrubu okolnich $tol. Na konicky kus se
poté vysklddal tubus ze skruzi vnitfniho pruméru 800 mm do
pozadované vysky, za soucasného zasypavani a hutnéni okol-
niho prostoru. Nakonec se osadil druhy konicky kus redukuji-
ci vnitini pramér Sachty z 0,8 m na 0,6 m, vyrovnavac{ krouz-
ky a litinovy poklop a obnovila se puvodni skladba vozovky.

Docasné osténi stavebnich Sachet mohlo byt pri zasypavani
kompletné demontovdno, z divodi Casové ndrocnosti byly
ovSem rabovéany vzdy pouze horni dvé etdze.

Provadéni reviznich $§achet nad 12 m hioubky

V Sachtdach nad 12 m hloubky se musi zfizovat lezni oddé-
leni s odpocivadly, chranéné od manipulaéniho prostoru plnou
zdbranou. Z toho vyplyvaji i pozadavky na vyrazné vetsi
vnitini prostor, a proto bylo nutné tyto konstrukce provadét
monoliticky.

V pripadé KSH1 prostorem hornich ¢asti Sachet prochdzelo
potrubi stavajici kanalizace a tak bylo pristoupeno k reseni,
kde se spodni ¢dsti pod timto potrubim provedly monoliticky,
na né se posadila betonovd deska (staveniStni prefabrikat)
s otvory pro lezni a manipula¢ni prostor a nasledné se pokra-
Covalo prefabrikovanymi skruZemi DN8O0O.

Pri zalévani monolitického betonu se paZeni stavebnich jam
pouzivalo jako ztracené bednéni. Vodotésnost definitivnich
konstrukci byla zaji§téna pouzitim betonové smeési
s krystaliza¢ni pfisadou Xypex. Vnitfni bednéni reviznich
Sachet bylo vyrobeno na vysku tif metra a pracovni spary se
opatfovaly bentonitovymi pdsky a tésnicimi plechy Aquafin
CJ5 s krystalizanim néatérem. Spary mezi monolitickym
betonem a prefabrikovanymi konstrukcemi byly opatfeny
dvéma fadami bentonitovych bobtnavych pdsku (v piipadé
provadéni v mokrém prostiedi byly pouZity pasky se zpozde-
nym zaldtkem bobtndni), z vnitini strany doplnény
o vypliovy provazec a trvale pruzny tmel na polyuretanové
bézi. Kynety v prostoru monolitickych Sachet byly z duvoda
trvanlivosti obloZeny ¢edicovym obkladem.

Spadistova Sachta (trvala konstrukce)

Definitivni konstrukce spadiStové Sachty byla celd
z monolitického betonu s obkladem ze Zulovych kostek. Celni
a protéjsi strana Sachty byla opatfena rozrazeci, v bo¢ni stra-
né byla zapuSténa kapsovd stupadla. Nétok i kyneta byly
vyrobeny z kamene a spadiStovy svod z CediCové trouby
DN400 osazené v betonové zdlivce.

STATICKE POSOUZENI PODZEMNICH KONSTRUKCI

Jak stavebni Sachty, tak i raZend Stola byly posuzoviny
podle CSN EN 1997-1, ndvrhového piistupu 2, poznimky 1
(kombinace ,,Al + M1 + R2*), ktery zajiStuje bezpecnost
ndvrhu zahrnutim dilé¢ich soudinitell zatiZeni (Y = 1,35 pro
stala zatizeni and Yo = 1,50 pro zatiZzeni nahodild) bez reduk-
ce geotechnickych parametru (soudinitel spolehlivosti materi-
alu vy, = 1,00). Docasné konstrukce byly vodé propustné,
proto bylo s vodnim tlakem uvazovano pouze pro konstrukce
trvalé. Ucinky silni¢ni dopravy na povrchu byly zohlednény

Obr. 11 ZavdZeni sklolamindtovych kanalizacnich trub Superlit DNS00
Fig. 11 CCFRPM Superlit Sewer Pipe DN800 Installation

STRUCTURE DESIGN OF THE UNDERGROUND STRUCTURES

The structures were designed in compliance with the CSN EN
1997-1 (EC7) approach 2, note 1 (combination ‘Al + M1 + R2’).
This approach applies the safety factors to the load or loads effects
(Yo = 1.35 — partial factor for a permanent action; Y, = 1.50 —
partial factor for a variable action) without a reduction of the bea-
ring capacity of the ground (Y,, = 1,00 — partial factor for a soil
parameters). The groundwater loads acting only upon permanent
structures were taken into account based on the assumption that all
temporary structures were permeable. The uniform surcharge load
of 25kPa was applied to the ground surface, which accounted for
the traffic on the road (characteristic value of the variable action).

The lateral earth pressure acting upon the shafts was determined
from the earth pressure theory according to CSN 73 0037, while
taking into account the minimum dimensioning pressure of
‘Oxadim = 0.2 0,”. According to V. G. Berezantsev (1958), when
the depth of a shaft is significantly higher than its diameter, then
the horizontal arching effect reducing the lateral earth pressure
with the depth can be taken into account. In spite of the fact that
this approach leads to considerably lower values than CSN
73 0037, it was not taken into account because the design check

was satisfied anyway.
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vnesenim nahradniho rovnomérného neomezeného zatiZeni
25 kN/m? (charakteristickd hodnota nahodilého zatiZenf).

Zatizeni Sachet bylo stanoveno z teorie zemnich tlaku podle
CSN 73 0037 se zohlednénim minimélniho dimenza¢niho
tlaku ,,0xa4im = 0.2 0,*. Pro vypocet Sachet, jejichZ hloubka
vyrazné prevySuje prumér, lze podle V. G. Berezantseva
(1958) zohlednit tzv. horizontdlni klenbovy efekt, ktery
s pribyvajici hloubkou redukuje zemni tlak na osténi, ¢imz lze
zejména u hlubokych Sachet dostat vyrazné niz$i hodnoty
zatiZeni oproti tém stanovenym podle CSN 73 0037. Pfi navr-
hu KSHI1 nebylo s prostorovym zemnim tlakem pocitdno,
nebot predpokladany staticky model bezpecné vyhovél i bez
zohlednéni klenbového efektu.

Zatizeni razené Stoly horninovymi tlaky bylo odvozeno
z klasické Terzaghiho terorie ve dvou charakteristickych pric-
nych fezech. Toto vypocitané zatiZzeni osténi Stoly bylo porov-
ndno se zatiZzenim stanovenym MKP v numerickém modelu.
Ziskané vysledky se neliSily o vice nez 20 %.

Takto ziskané zatiZeni bylo poté vloZeno do rovinnych pru-
tovych modelt na pruznych podporédch (s vyloucenim puso-
beni pruZin v tahu), simulujicich interakci mezi konstrukci
a okolnim geologickym prostfedim. Tuhost pruzin byla stano-
vena v zdvislosti na tuhosti horninového prostredi a polomeéru
zaktivenych ¢i délce rovnych &dsti osténi.

Navrh kruhového osténi by pfi rovnomérném zatiZeni vyka-
zoval nepfiméfene vysokou dnosnost. Do statického modelu
bylo tedy vneseno nesymetrické zatizeni, zohlednujici imper-
fekce ocelovych rdma, nerovnomérné zatiZeni na povrchu
a nehomogenni vlastnosti obklopujiciho prostredi. Lze k tomu
vyuzit némeckou normu DIN V 4034-1, kterda doporucuje pro-
vést redistribuci 25 % rovnomérného zatiZeni ve dvou na sobé
kolmych smérech (obr. 12).

Vnitini sily ziskané z prutovych modelt byly poté posouze-
ny na kombinaci maximdlni normdlové sily a ohybového
momentu v souladu s CSN EN 1993-1. Vliv klopeni
a vybod&eni prutd byl (vzhledem k typu konstrukce a pouZitym
prufezim) zanedbédn. PaZiny byly posouzeny na maximdlni
ohybovy moment.

Sekundarni osténi monolitickych reviznich Sachet bylo
navrzeno a posouzeno v souladu s EN 1992-1-1 pomoci
numerického 3D-modelu s uvazovanim zemnich tlaka v klidu,
zatizeni dopravou na povrchu LM1 (podle CSN EN 1991-2)
a zatiZeni hydrostatickym tlakem s hladinou podzemni vody
v drovni povrchu.

ZAVER

KSHI1 je typicky projekt, jehoz dspésné dokonéeni je pod-
minéno soucinnosti projektového a realizaéniho tymu
s dozorujicimi a konzultanimi orgdny zastupcu investora,
provozovatele geologl a geotechnikd.

V soucasnosti se dokoncuji definitivni konstrukce posled-
nich dvou Sachet a projekt spéje k dspésnému konci.

Ing. T OMAS ZiTKO, zitko@pohl.cz, POHL cz, a.s.

Recenzovali: Ing. Michal Uhrin, Ing. Jiri Kolda
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Obr. 12 Redistribuce zatiZeni osténi
Fig. 12 Circular shaft load redistribution

Two typical cross-sections of the tunnel were analyzed. The
load acting on the lining was derived from the Terzaghi’s Arching
Theory and compared with the load pressure obtained from FEM.
The results of both methods differed by less than 20%.

This load value was used in the plane beam-spring models. The
ground reaction using an elasto-plastic reaction of the beams is
taken in to account. The spring elements are linear-elastic in com-
pression with no tension stiffness. The value of the modulus of the
radial subgrade reaction was determined on the basis of the elas-
tic modulus of the ground and the geometry of the lining.

The analyses of the circular lining under uniformly distributed
load would be unsafe, thus we applied a load analysis with vari-
able distribution, varying surcharges and non-homogenous ground
conditions, to account for imperfections. In accordance with the
German standard DIN 4034-1, 25% of the uniform load was redi-
stributed into two perpendicular sections (Fig. 12).

The design check of the combination of normal force & bending
moment of the supporting frames was carried out in accordance
with CSN EN 1993-1. The impact of buckling and torsion buck-
ling was neglected due to the type of the structure and the used
sections. The maximal bending moment of the lagging was chec-
ked as well.

The final lining of the cast-in-place manholes was designed in
compliance with EN 1992-1-1. An 3D FEM analysis was perfor-
med taking into account the at-rest earth pressure, the traffic sur-
charge load LM1 (according to CSN EN 1991-2) and the full hyd-
rostatic load.

CONCLUSION

ISHI1 has been a challenge where the close collaboration of
designers, contractor, client, surveyors and geotechnical engineers
has been crucial to success.

Currently, the completion of the last two manholes is in progress
and is going to be completed in a few weeks.

Ing. TOMAS ZITKO, zitko@pohl.cz, POHL cz, a.s.
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FOTOREPORTAZ Z KOMPLEXNICH ZKOUSEK A PRIPRAV
NA OTEVRENI TUNELOVEHO KOMPLEXU BLANKA

PICTURE REPORT FROM COMPREHENSIVE TESTING AND PREPARATION
FOR OPENING THE BLANKA COMPLEX OF TUNNELS TO TRAFFIC

ZARI 2015 / SEPTEMBER 2015

fotolphoto courtesy of Jak
Obr. 1 Komplexni zkousky v Bubenecském tunelu

Fig. 1 Comprehensive tests in the Bubenec tunnel

sy of Jakub Karlicek
Obr. 3 Komplexni zkouSky v Brusnickém tunelu
Fig. 3 Comprehensive tests in the Brusnice tunnel

Jfotolphoto courtesy of Oto Sladek

Obr. 5 Cviceni IZS v Bubenecském tunelu 17. 9. 2015
Fig. 5 IRS exercise in the Bubenec tunnel on 17/09/2015

I i3

fotolphoto courtesy of Jakub Karlicek
Obr. 2 Komplexni zkousky v Brusnickém tunelu

Fig. 2 Comprehensive tests in the Brusnice tunnel

fotolphoto courtesy of Jakub Karlicek

Obr. 4 Ukldddni Barborky do vyklenku ve sténé tunelu
Fig. 4 Installation of St. Barbara statuette in a niche in the tunnel wall

Jfotolphoto courtesy of Oto Sladek

Obr. 6 Cviceni IZS v Bubenecském tunelu 17. 9. 2015

Fig. 6 IRS exercise in the Bubenec tunnel on 17/09/2015
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FOTOREPORTAZ ZE ZPROVOZNENI TUNELOVEHO KOMPLEXU BLANKA

PICTURE REPORT FROM THE BLANKA COMPLEX
OF TUNNELS INAUGURATION

FOTO / PHOTO COURTESY OF JAKUB KARLICEK

Obr. 1 Slavnostni uvedeni do zkuSebniho provozu 19. 9. 2015
Fig. 1 Ceremonial opening to test running on 19/09/2015

Obr. 3 Prestavenim znacek 19.9. 2015 ve 14:37 se tunel fakticky otevrel Fidium
Fig. 3 The tunnel was factually opened to traffic after rearranging traffic
signs

Obr. 5 Prvni minuty provozu v tunelovém komplexu Blanka
Fig. 5 Initial minutes of traffic in the Blanka complex of tunnels

Obr. 2 Slavnostni prestrieni pdsky pred portdlem tunelu na Letné 19.9.2015
Fig. 2 Tape cutting ceremony in front of the portal of the tunnel in Letnd on
19/09/2015

Obr. 4 Prvni minuty provozu v tunelovém komplexu Blanka
Fig. 4 Initial minutes of traffic in the Blanka complex of tunnels
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Obr. 6 Prvni minuty provozu v tunelovém komplexu Blanka
Fig. 6 Initial minutes of traffic in the Blanka complex of tunnels
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FOTOREPORTAZ Z EXKURZE NA STAVBU TUNELU KORALM,
LOT KAT3 V RAMCI EUROCK 2015

PICTURE REPORT FROM EXCURSION TO KORALM TUNNEL LOT KAT3
CONSTRUCTION SITE WITHIN THE FRAMEWORK OF THE EUROCK 2015

FOTO / PHOTO COURTESY OF LIBOR MARIK

Obr. 1 Zarizeni stavenisté pred portilem
Fig. 1 Construction site in front of the portal

Obr. 2 Portdl tunelu raZeného TBM
Fig. 2 Portal of the TBM-driven tunnel

Obr. 6 Stavebni jama a montdzZ raziciho stroje
Fig. 6 Construction pit and assembly of the tunnelling machine




< GEOS

New system of releases

Fine Software changes the method of new releases,

as of November 1# 2015. The reason for the revision is to provide better
services to our customers and mainly faster availability of new program
features.

Two new terms are introduced

Edition - is released once a year on November 1%, and is labeled with
the release year behind the software name (GEOS 2016). Each edition
must be purchased separately (upgrade costs 20%). Fine Maintenance
users get the upgrade free of charge.

Version - Each edition can have arbitrary number of versions, which are
released during the year. New versions contain fixes, improvements and
new program features. All versions are for free to all edition users.
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F New program
— Anti-Slide Pile
The Anti-Slide Pile program is used for design of pile walls stabilizing
slope movement or increasing safety factor of the slope. The first
analysis should be done in the Slope Stability program, where the active
and passive forces acting on pile wall are computed. Next, the load and
slip surface position are transferred to the Anti-Slide Pile program, where
other analyses are performed (determination of internal forces on pile,
pile deformation and dimensioning of pile reinforcement).
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New features brought by GEO5 2016

Program Controls and Appearance
Comes out from modern trends, where we try to select the best, and
leave proven procedures, Controlling the programs is now much easier.
New feature is the use of the right mouse button and selection

of elements using common standards. We are preparing for touch
controls and high resolution displays.

3D Visualization and Settings

We have implemented the option to select between 2D and 3D
visualization of the structure in selected programs and input modes.

The method of visualization settings were completely re-organized, which
enables easier and more precise work with the structure visualizing,

and many other options. We have also unified the visualization settings
with the settings of picture visualization.

Improvements in the FEM program

The FEM program features several minor, but important new features,
that make the work significantly easier and make the construction
modelling more precise,
« Input of variable deformation modulus by depth
» Determination of areas where no plasticity can occur
(overrule of plasticity conditions)
« Determination of region, where the values of fi,c are reduced when
calculating slope stability
= New mesh generator

Geotechnical Improvements

» Automatic determination of the coefficient of pressure reduction
for soldier beams

= Verification of user defined steel cross-section

* New types of pile sheeting

» Rectangular piles (Sheeting Check)

Field Tests Support
The new edition supports several new analysis methods using field tests.,
CPT - Automatic classification of soil behavior type

by Robertson 1986, 2010 (Pile CPT)

DMT - Analysis of settlement of shallow foundations (Spread Footing),
calculation of subgrade reaction modulus (Sheeting Check)

PMT - Calculation of subgrade reaction modulus (Sheeting Check)

Standards Support

= Dutch National Annex NEN-EN 1997-1/NB

= Belgian National Annex NBN EN 1997-1 ANB

« French Standard NF P 94-282 (excavation design)
= Soil classification according to Chinese standards
= Spring method by JJ 120-2012 (China)

www.finesoftware.eu




Kvalita, presnost a diislednost v kazdém detailu. Spoleéna koordinovana prace

lidi desitek oborii a profesi. Schopnost Fesit narotna zadani a odvaha hledat

nova feSeni. Je tohle uméni? MoZna ne. Jen to dobfe umime.

Quality, accuracy and consistency in every detail. The coordinated effort of professionals

from many fields. The ability to solve problems and the courage to search for new approaches.
Is this an art-form? Maybe. In either case we do it well.
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m Chuo Shinkansen s technologii Maglev

Vlaky na magnetickém polStafi vyuZivajici magnetickou levitaci
(odtud zkratka Maglev) by mély v roce 2045 jezdit mezi Tokiem
a Osakou rychlosti az 500 km/hod. Vzdédlenost 514 km by vlak pre-
konal priblizn€ za hodinu.

Japonci pristoupili k budovani této trati jednak s cilem nahradit
starnouci soucasné spojeni vysokorychlostni Zeleznici a navic chte-
ji vybudovat trat, kterd by byla schopnd odolat i silnému zemétrese-
ni. Vetsinu trasy tvoii tunely, které, jak zndmo, zemétreseni odola-
vaji velmi dobre.

Usek mezi Tokiem a Naganem, ktery ma byt uveden do provozu
v roce 2027, je dlouhy 286 km, z ¢ehoZ je 86 %, tj. 246 km tunelu.
Na této trase Japonci nejprve stavi zkuSebnfi trat’ Yanamanshi, kde
chtéji overit vSechny systémy a hlavné najit co nepriznivéjsi eko-
nomické parametry stavby i budouctho provozu. V roce 1997 byl
zahdjen zkuSebni provoz na useku délky 18,4 km. Od roku 2008 se
pracuje na prodlouZeni zkusebni traté na délku 42,8 km. Prordzky
viech tuneld byly dokonceny v breznu 2012, véetné nejdelsiho
14,6 km dlouhého tunelu Misaka-Sagano, a zkusebni provoz byl
zahdjen v srpnu 2013.

m Vystavba dalni¢niho kriZeni v Kjotu

Mikrotunelovédni o profilu 0,80 a 1,00 m na vzddlenost 150 m
bylo pouzito pfi stavbé dalni¢niho podjezdu u Kjéta. Nadlozi bylo
jen 3,50 m a v horni ¢asti profilu se vyskytovaly zvodnélé Stérko-
pisky s balvany velikosti az 300 mm. Mikrotunelovdnim bylo
vytvoreno zajidténi stropu i bokd prostoru, ktery pak byl odtéZovén
na plny profil s postupnym budovdnim podpérnych konstrukci.
Nésledné byl vybetonovdn betonovy box vnéjSich rozméru
15,10x7,20 m.

m Dovrchni razba $achet na kolektoru v Osace

Ctyfi kilometry dlouhy novy kolektor vnéj§tho priméru 5,07 m
pro vodovodni potrubi pr. 1500 mm a elektrické kabely je veden
v Osace pod jednou z hlavnich ulic se étyfproudovou vozovkou. Pod
ni jezdi také jedna z linek 6sackého metra. Z povrchu bylo povole-
no provést jen naprosto nutné prace souvisejici se stavbou podpovr-
chovych komor a s napojenim siti. Proto pro vybudovani osmi
Sachet spojujicich kolektor s komorami pod vozovkou byla zvolena
dovrchni svisld razba razicim strojem, ktery startoval z dokonceného
kolektoru. Dvé Sachty o vnitinim priméru 3000 mm a pét o pruméru
2750 mm byly provedeny jednim strojem, ktery nejprve vyrazil
Sachty vétstho prumeéru a pak byl upraven pro razbu mensich Sachet.

V misté, kde razici stroj startoval, bylo osténi kolektorového
tunelu tvoreno segmenty z polyuretanu vyztuZeného vldkny, ktery-
mi feznd hlava snadno prosla.
® Druha trasa vysokorychlostni Zeleznice ve Velké Britanii

Britsti tuneldri se t€si na prileZitosti, které jim poskytne druhd
trasa vysokorychlostni Zeleznice, o jejiZz vystavbé bylo rozhodnuto.
Prvni etapa dlouhd 230 km povede z Londyna do Birminghamu
a prozatim se na ni pocitd s péti dvoutrubovymi razenymi tunely
o celkové délce 26,1 km; Sest hloubenych tunelt bude tvorit 7,9 km
trasy. Provoz by mél byt zahdjen v roce 2026.

Druha etapa, jejiZ termin provozu neni zatim stanoven, bude mit
dvé vétve. Z Birminghamu se odbo¢i bud vychodnéji do Leedsu,
nebo zédpadné€ji do Manchesteru. Definitivni trasa druhé etapy neni
jesté schvilena.

m UvaZuje se 0 novém tunelu mezi Dénskem a Svédskem

Svédsko-danska spole¢nost Oresundskomiteen kladné vyhodno-
tila studie posuzujici vybudovani cca 15 km dlouhého tunelu mezi
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mésty Helsingor (Déansko) a Helsinborg (Svédsko). Tunel by slou-
7il Zelezniéni i automobilové doprave. Dansti politici zdmér zatim
nekomentovali.

m Pruzkumnai $tola Brennerského bazového tunelu

Cervnové &islo Casopisu T and T International prineslo rozhovor
s rakouskym profesorem Konradem Bergmeisterem, ktery je vykon-
nym reditelem spoleCnosti zajistujici funkci investora Brennerského
bézového tunelu (BBT SE). V &ésti rozhovoru shrnuje divody, které
po dlouhém zvazovdni vedly k rozhodnuti vyrazit v celé délce bazo-
vého tunelu pruzkumnou §tolu (tunel) o vnitinim pruméru Sest metru.

Stru¢n€ lze davody shrnout takto:

1. Co nejlepsi pozndni geologickych a hydrogeologickych poméra
v trase hlavnich tuneli. Znalost geotechnickych podminek
vyrazné sniZi rizika a ndklady pfi razbé hlavnich tunelti a uspoif
cas.

2. Drenézni efekt, ktery sniZ{ pritoky pii razbé hlavnich tunelu.

3. MoZnost vyuZit v pfedstihu raZenou prizkumnou §tolu pro sana-
ci horninového masivu pred razbou hlavnich tunelu.

4. MoZnost vyuzit pruzkumnou §tolu jako servisni tunel, ve kterém
1ze instalovat zafizen{ nutnd pro provoz hlavnich tunelt; tim se
stane i jejich udrZba podstatné méné zévisla na Zelezni¢nim pro-
vozu. Hlavni tunely budou také ze servisniho tunelu po celé
délce pristupné.

5. Vybudovini tohoto trettho tunelu nabizi moZnost vyuZit ho jako
kolektor pro energetickd a spojovd vedeni mezi Italif
a Rakouskem.

m Novy podmorsky tunel v Hongkongu

VétSina podmorskych tuneli v Hongkongu byla doposud naplavo-
véna. Pro novy cca pétikilometrovy dvoutrubni automobilovy tunel
pres zaliv u mezinarodniho letisté byla poprvé zvolena razba tunelo-
vacim strojem. Divodu bylo vice — nemusf{ se vybagrovat a premistit
obrovské mnoZstvi morskych sedimentiu, coZ by vadilo
i z ekologickych duvodu, protoZe mj. v hongkongské zétoce Zije
poslednich 62 jedinca &inského bilého delfina. Hloubeni ryhy
v moiském dné by také ohrozilo tam uloZené vysokonapétové
a spojové kabely.

Tripruhové sestupné a vzestupné rampy se sklonem 5 % budou
z&4sti hloubené a z&4sti raZené Stitem firmy Herrenknecht o pruméru
17,6 m.

Razbu dvoupruhovych podmorskych tuneli obstaraji dva Stity
Herrenknecht o profilu 14 m, které musi zvlddnout variabilni geo-
technické podminky. V trase se vyskytuji motské sedimenty, aluvidl-
ni horniny (pisek, jil, silt), zvétrald i pevna Zula. Propojky dodate¢né
provadéné budou v rozte¢i 100 m.

Tunely v hloubce 50 m pod hladinou budou nejhlubsi v Hong-
kongu. Préace ve §titu vyzaduji pretlak vzduchu. Pro provadéni ddrz-
by a oprav fezné hlavy vyvinul dodavatel zvlastni postup.
Mimoradné zkuSeni pracovnici budou umisténi po dobu az Ctyf tydnu
ve specidlnich pretlakovych kontejnerech, takze budou podstupovat
dekompresni proces jen jednou za étyfi tydny misto po kazdé sméné.
m Razby tunelovacimi stroji na stavbé Crossrail dokonéeny

Posledni z osmi tunelovacich stroji Viktoria nasazenych na
razbé tratovych tuneld na stavbé Crossrail v Londyné dokonéil
23. kvétna 2015 svou prdci. Celkem osm §titi dodanych firmou

EXKURZE NA METRO V MINSKU
EXCURSION TO MINSK METRO

It was agreed at the meeting of representatives of Eastern
European tunnelling associations at the EETC 2014 in Athens
that Eastern European Tunnelling Conferences (EETC) would
be held in the even years and excursions to interesting con-
struction sites in the Eastern European region would be held in
the odd years. The first of the excursions was organised by the
Belarussian Tunnelling Association in their Capital, Minsk on
the 231d and 24th September 2015. The excursion comprised

Herrenknecht vyrazilo béhem tif let od kvétna 2012 42 km tunela.
Stity mély primér 7,08 m, pét z nich bylo zeminovych (EPBS)
a dva, které razily tunely pod Temzi v hloubce 15 m pod jejim
dnem, byly kombinované.

Stroje dosédhly pramérného postupu 38 m/den, pri¢emZ rekordni
denni vykon se podaril 16. dubna 2014, kdy $tit Ellie vyrazil
72 m/den a pod jeho ochranou bylo smontovdno 45 prstencu seg-
mentového osteni.

Crossrail vytvoif novou trasu délky 118 km probihajici od vycho-
du k zdpadu i pod centrdlni oblasti Londyna. Zkrati napriklad cestov-
ni dobu z leti§té Heathrow do centra z 55 min. na 32 min. Na vice neZ
40 stavenistich pracuje kolem 10 000 pracovniku. Stavba zahdjend
v roce 2009 md byt uvedena do provozu koncem roku 2018
a odhaduje se, Ze ro¢né piepravi 200 miliont cestujicich.

m Celkem 320 km dlouhy presun segmentu naplavovaného tunelu

Na fece Elizabeth vychodné od Mississippi ve stité Virginie
v USA byl v roce 1962 uveden do provozu naplavovany dvoupruho-
vy tunel Midtown. Dnes jim v obousmeérném provozu projizdi Ctyfi-
krat vice vozidel neZ pri jeho otevieni. Velké dopravni zatizeni
a nutnost jeho generalni opravy vedly k rozhodnuti postavit soubéz-
né novy opéet naplavovany tunel s dvéma jizdnimi pruhy.

Druhy midtownsky tunel bude mit celkovou délku 1658 m. Jeho
naplavovanou &ast tvoii 11 Zelezobetonovych dilu 16 m Sirokych
a 8,8 m vysokych s prumérnou délkou 106 m. Dily byly betonovény
v suchych docich v Baltimoru a nasledné byly na obou koncich zasle-
peny podobné jako naplavované tunely prazského metra v Praze-
Troji. OvSem po zaplaveni suchych doku byly segmenty pretaZeny
lodémi 320 km po moiské hladiné a pak vtaZeny dstim feky a na
uréeném misté potopeny do hloubky 29 m na upravené dno.

Posledni naplavovany dil byl ponoren v ¢ervenci 2015.

m Dalsi prace na svatogotthardské Zeleznici po dokonceni bazo-
vého tunelu

Usilf o prevedeni ndkladové dopravy ze silnic na Zeleznici dokon-
enim svatogotthardského bazového tunelu neskonéi. Svycarsko
zahdjilo prace na prebudovani trati vedoucich k bazovému tunelu,
aby po nich bylo moZné dopravovat kamionové soupravy
s prujezdnou vyskou az 4 m. DuleZitou investici k dosaZeni tohoto
cile je vystavba nového dvojkolejného tunelu Bozberg délky 2,7 km.
Ten nahradi stavajici dvojkolejny tunel, ktery po proraZeni péti pro-
pojek z nového tunelu a jeho uvedeni do provozu bude prebudovan
na dnikovy a servisni tunel.

Novy tunel bude raZzen tunelovacim strojem. Rokem zahdjeni razby
je rok 2016, uvedeni Bozberg tunelu do provozu se predpoklada v roce
2020 a stary tunel by mél byt prebudovan do roku 2022.

Pro vybudovéni celého koridoru bude na dotéenych tratich uprave-
no celkem 20 tuneld.

m Cinsko-izraelska JV postavi trasu metra v Tel Avivu

Zakazku na stavbu Cervené trasy lehkého metra v Tel Avivu ziska-
lo sdruzeni ¢inské a izraelské firmy. Délka trasy bude 23 km a m4 byt
uvedena do provozu v roce 2021. Zahrnuje 11 km dlouhy razeny tsek
dvojice tratovych tunelt o profilu 5,5 m s 16 propojkami a Sesti pod-

zemnimi stanicemi.
Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

several presentations and films focused on the development of
metro in Minsk, a visit to the operating metro control centre in
Minsk and to two operating metro lines, including several
interesting stations.

Na zaseddni zdstupct vychodoevropskych tuneldrskych
asociaci na EETC 2014 v Athénich bylo dohodnuto, Ze
v sudych rocich budou konédny vychodoevropské tunelédrské
konference (EETC) a v lichych rocich budou konany exkurze
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Obr. 1 Situace metra v Minsku a pozdéji betonové osténi.

Fig. I Minsk metro layout vV pf‘f§tim roce by el byt po-

prvé nasazen moderni plno-
profilovy tunelovaci $tit francouzské vyroby. Pri vystavbé je
kladen velky duraz na architektonické feSeni metra, které je do
jisté miry podobné metrum v Rusku, pouZivané vozy metra
jsou ruské vyroby. Na vystavbé metra pracuji jednu sobotu
v roce stdtni Ufednici zdarma, na vystavbé v minulosti manu-
aln¢ pracoval i bélorusky prezident Alexandr LukaSenko.
V ramci prezentaci byla propagovana konference PS Praha
2016, ktera se uskuteéni spolu s EETC 2016, probehlo také
jednani zdstupct vychodoevropskych tuneldfskych asociaci.
Po prezentacich a jedndnich ndsledovala exkurze. Byla nav-
Stivena centrdla metra v Minsku, kterd je umisténa v budové
primo na namesti Lenina, které je hlavnim nameésti v Minsku (na
nameésti je i urad vlady, radnice, atd.). Pod ndméstim Lenina je
velké podzemni ndkupni centrum s garazemi. Md tfi podlazi,
plochu cca 100x300 m a jednd se o velky podzemni prostor
vybudovany z povrchu (obr. 2). Ndsledné byly navstiveny dvé
provozované trasy metra véetné prohlidky zajimavéjsich stanic.

na zajimavé stavby ve vychodoevropském regionu. Prvni tato
exkurze byla zorganizovdna Bé€loruskou tuneldfskou asociaci
ve dnech 23.a 24.9. 2015 v jejich hlavnim mésté Minsku.

Obr. 2 Ndkupni centrum pod naméstim Lenina Obr. 3 Jedna ze starsich stanic metra
Fig. 2 Shopping centre under Lenina Square Fig. 3 One of older metro stations
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VeétSina stanic je feSena s ostrovnimi ndstupiSti (obr. 3 a 4),
nicméné jsou i stanice s boénimi néstupisti. Déle bylo navsti-
veno depo metra, kde probihd ddrzba a opravy vozu metra.
V depu byl také predveden trenazér ridi¢u metra. Také byla
navstivena vystavba hloubeného tdseku nové trasy. Kromé
technickych exkurzi byly zorganizovdny i dals$i exkurze po
Minsku, do moderni budovy muzea 2. svétové vélky a do
skanzenu Dudutky.

Obecné exkurze byla velmi dobfe pripravena, je tfeba ocenit
praci odvedenou Béloruskou tunelarskou asociaci a zejména
jejim predsedou (Valery Chekanav) a jeho asistentem (Maxim
Grachev), ktef{ se na pfipravé a prub€hu exkurze velmi aktiv-
né podileli. Jedinym nedostatkem byla nizkd ucast ze stran
pozvanych asociaci, fada asociaci zru$ila svoji dcast na
posledni chvili, coZ bylo pro organizitory velmi nepfijemné.

doc. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz,
3G Consulting Engineers s.r.o.

TUNNEL EXPO TURKEY 2015
TUNNEL EXPO TURKEY 2015

A conference and exposition organised by the TTS (the
Turkish Tunnelling Society) was held in Istanbul from 27th to
29th August 2015. The “Tunnelling Short Course”, with the
participation of international experts, and attending social
events were parts of the program. The exhibition itself showed
a great quantity of Turkish companies operating in the tunnel
construction industry, from contractors through suppliers of
materials and machines up to suppliers of operating technolo-
gies and systems.

Ve dnech 27.-29. 8. 2015 se v Istanbulu konala konference
a vystava poradand TTS (Turkish Tunneling Society). Soucésti
programu byl i ,,Tunneling Short Course* s tcasti mezindrod-
nich odborniki a doprovodné spolecenské akce. Samotnd
vystava (pfes 100 vystavovatell) ukdzala velké mnoZstvi turec-
kych firem, které pusobi v oboru, od zhotovitelskych, pres
dodavatele materidlu a stroji aZ po geotechnické firmy
a dodavatele provoznich technologii a systému. Turecky tune-
lovy trh je v soucasné dobé celosveétové jednim z nejvétsich
a mnozstvi naroénych projekta lze tureckym kolegum prdt, ale
zdroven i trochu zdvidét. Diky navdzanym kontaktam
a propagaci PS 2016 je mozné, Ze se v Praze objevi vice turec-
kych odbornikt a pfispéji k jeji drovni zajimavymi piispévky
i prezentacemi.

TTS umoznila propagaci na$i konference PS 2016 bezplat-
nym poskytnutim stdnku a dhradou ndkladu na pobyt zdstupce
CzTA (obr. 1).

Ing. MARTIN SRB, srb@3-g.cz,
3G consulting Engineers s.r.o.

MESTSKY OKRUH: VKLAD PRO NOVE TISICILET(

Na tvorbé knihy, &i spiSe knizetky MESTSKY OKRUH:
VKLAD PRO NOVE TISICILETI s podtitulem DOPRAVNI
URBANISMUS V PRAZE se podileli experti ze spolecnosti
PUDIS, SATRA, TSK hl. m. Prahy a ROPID pod vedenim
Fakulty dopravni CVUT.

Co vedlo kolektiv autort, ktefi jsou odbornici v riznych obo-
rech souvisejicich s dopravnim inZenyrstvim, k préci nad timto
dilkem, které neni jenom odbornou publikaci, ale spiSe filipikou
na obranu priméreného rozvoje Prahy? Snad mohl byt inspiraci

Obr. 4 Jedna z novéjsich stanic metra
Fig. 4 One of newer metro stations

Obr. 1 Propagace PS 2016 v Turecku
Fig. I Propagation of the conference Underground Construction Prague 2016

renesan¢ni spisovatel Jan Blahoslav, ktery bojoval proti nepra-
telum vy$8iho vzdélani v Jednoté bratrské tim, Ze vydal knihu
., Filipika proti misomusum” (1567), ve které upozornoval na
problémy kréitkozrakého pohledu na rozvoj Jednoty.

Smyslem dokumentu je ukédzat, Ze mesto potrebuje co nej-
drive dokoncit zdkladni komunikaéni sit, a Ze pripravované
dokonéeni severo-zapadni ¢asti Méstského okruhu (komple-
xu Blanka) je vpravdé historicky milnik, ktery ovlivni Zi-
vot mésta na stovky let. Navic, Ze Praha dostane unikétni




TufHel

inZenyrské dilo, které je jiz ted obdivovano pro svou komplex-
nost i v zahranici.

Pritom Blanka je typickym pfikladem toho, jak mohou
média i néktefi politici zcela zménit obraz toho, na co se sou-
stfedi. Po nékolik poslednich let bylo slovo Blanka synony-
mem pro néco velmi Spatného, coz se prijimalo jako neménna
skute¢nost Sirokou verejnosti i politiky.

Kniha ukazuje, ze dopravni skelet Prahy se rozviji prakticky
ve stejné stope od 30. let minulého stoleti, kdy ho predstavil
Ing. Arch. Krejcar. Pfitom radidlné okruzni systém neni zadné
specifikum Prahy, v knize je nékolik priklada mést, kterd ho
uspésné pouzivaji. Praha, stejné jako jina velkd zahrani¢ni
mésta, se rozviji extenzivné s velkym podilem satelitnich més-
teCek. Tento extenzivni rozvoj je doprovédzen zvySovanim pre-

MESTSKY OKRUH: vkLAD PRO NOVE TISICILETi

MESTSKY OKRUH:.
VKLADPRONOYE
PISICILETI

MESTSHT ORUH : VKLAD PRO NOVE TISICILETI |

A ARCADIS

ARCADIS CZ a.s., divize Geotechnika

porada spolecné
s Ceskou silni¢ni spole¢nosti

jiz 20. odborny geotechnicky seminar

CZIECH RDAD SOCIETY
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pravni poptdvky a ,,houstnutim” dopravy v Case a prostoru.
Pokud nenf k dispozici dimenzovand dopravni infrastruktura,
véetné fungujici verejné hromadné dopravy, vznikaji vazné
dopravni problémy, projevujici se jako kongesce, a s nimi spo-
jené ekonomické a ekologické dopady, které ve svém dusled-
ku omezuji rozvoj aglomerace.

V knize je kapitola popisujici v detailu stav pripravy
a vystavby nadfazeného komunika¢niho systému, véetné popi-
su jednotlivych segmentt Méstského okruhu, kdy chybi dosta-
vét pouhych 8,8 km, priCemz z této délky je predpokladano
pres 5 km v raZenych a hloubenych tunelech. Kolik benefitu
prinasi plynuld jizda po komunikacich vys$s§iho fadu
v porovnani s jizdou na méstskych komunikacich, popisuje
kapitola ,,CelospoleCensky vyznam severozdpadni casti
Meéstského okruhu“. ZkuSebni jizdy, které mérily dobu jizdy
mezi Smichovem a Bulovkou, ukdzaly, Ze financni ztraty
jenom za promarnény €as popojizdénim po magistrile jsou
okolo pul milionu denné. I z vy&tu dalich benefitu plyne, Ze
podzemni struktury jsou ekologické dopravni stavby.

V zéavéru je konstatovano, Ze se soucasné snahy o zpochyb-
novani nutnosti vystavby radidl i ¢dsti okruhu musi jevit
pouze jako dals$i z fady obstrukci, které zneprijemnuji Zivot
Prazanu. Méstského okruhu bude mozné plné vyuZit aZ po tpl-
ném dokonceni, kdy se naplni jeho ochrannd funkce a bude
mozné aktivovat fadu regulacnich a ochrannych opatfeni
vedoucich k dal§imu zlepSeni Zivotniho prostfedi v hlavnim
mésté Praze.

Knihu vydalo IDS Praha a.s. v ndkladu 2000 vytisku v srpnu
2015. Rozsah je 96 stran.

prof. Ing. PAVEL PRIBYL, CSc., pribyl@fd.cvut.cz

Opérné a vyztuzené zemni konstrukce
na pozemnich komunikacich

Kongresové centrum hotelu OlSanka v Praze 3
dne 24.2.2016

Odbornym garantem seminare je Ing. Vitézslav Herle
ze spolecnosti ARCADIS CZ, divize Geotechnika.

Semindf je uréen predevsim projektantdm inZzenyrskych a dopravnich
staveb, pracovnikiim investorskych organizaci a zhotovitelskych
stavebnich firem, inZenyrskym geologim i geotechnickym specialistim.
Seminar je zafazen do projektu celozivotniho vzdélavani CKAIT
a bude hodnocen jednim kreditnim bodem.

Pozvanky véetné zavaznych prihlasek budou rozesilany v lednu 2016.

Vice informaci: www.arcadis.com
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

EUROCK 2015 & 64 GEOMECHANICKE KOLOKVIUM

EUROCK 2015 & 64 GEOMECHANICS COLLOQUIUM

This year’s Geomechanical Colloquium, already 64th in the
order, was held in the conference centre of the city of Salzburg
from the 7th to 10th October 2015. It was organised jointly
with the EUROCK 2015 symposium on the theme “Future
development of rock mechanics”. The attendance was traditi-
onally high. Over 1000 attendees arrived and over 50 firms
and companies introduced themselves at the accompanying
exhibition.

Leto$ni Geomechanické kolokvium, jiz 64. v poradi, se kona-
lo 7.-10. fijna 2015 v konferenénim centru mésta Salzburg.
Bylo pordddno spolu se sympoziem EUROCK 2015 na téma
, Budouci vyvoj mechaniky hornin*“. Ugast byla tradi¢né vyso-
k4, prijelo vice nez 1000 dcastniki a na doprovodné vystavé se
predstavilo pres 50 firem a spolecnosti.

Ve stiedu 7. fijna se pred vlastnim kolokviem uskuteCnily
workshopy na nasledujici témata:

* Digitdlni mapovani podloZi;

 Piistupy k projektovani pro 21. stoleti;

e Smluvni modely;

e Casové zdvislé chovani v tunelovan{ a hornictvi;

e Injektdz;

* Modelovani diskontinuit za pomoci FDEM.

Ve Ctvrtek 8. fijna kolokvium oficidlné zahdjil prof. Wulf
Schubert, ktery byl zdroven i predsedou organiza¢niho vyboru
konference. RovnéZz prednesl i tvodni kli¢ovou prednasku,
kterd se tykala obecného pristupu k oboru a jeho proméndm
v prubéhu asu.

Dile jiz zacaly predndsky v jednotlivych sekcich. Ve &tvrtek
byl vé€novén prostor ndsledujicim okruhtim (vZdy paralelné ve
dvou sekcich):

¢ Dlouhodobé chovani stavebnich konstrukci v horninach;

e Tunelovani v ndro¢nych podminkdach;

e Mechanika hornin v dalnim prumyslu;

e Mikromechanika hornin;

* Monitoring a bezpe¢nostni management;

e Mechanika hornin pro ulozi$té radioaktivniho odpadu.

Druhy den predndsky pokracovaly na nasledujici témata:

e Svahové pohyby;

* Aspekty mechaniky

hornin pfi razbéch;

e Urcenf vlastnosti hor-

nin a horninového
masivu;

* Modelovani hornin

a horninového ma-
sivu.

Jedna ze sekci byla
vénovdna i vysledkim
prace mladych vyzkum-
nika, aby i oni méli pro-
stor pro sezndmeni od-
borné vefejnosti se svou
praci.

Vzhledem k tomu, Ze
se blizi termin konferen-
ce PS 2016, Ing. Srb
z 3G Consulting Engineers
S.I.0. v ramci své prezenta-
ce seznamil piitomné se
zékladnimi informacemi

Ioer 2015

Obr. 1 Prezentace konference PS 2016

= I:Elmsmnrnu-:nu.uwluu

o této konferenci a pozval na ni tcastniky Kolokvia do Prahy
(obr. 1).

V sobotu 10. fijna probéhly exkurze na vyznamné stavby na
tizemi Rakouska. Ucastnici si mohli vybrat z ndsledujicich
moznosti:

1. Vystavba tunelu Koralm, LOT KAT3

Koralmsky tunel ma v budoucnu spojovat rakouské spolkové
zemé Styrsko a Korutany a stane se souddsti evropského balt-
sko-jaderského koridoru. Prvni smlouva byla podepsana v roce
2004, ¢ast KAT3 je ve vystavbeé od listopadu 2013. Stavba
zahrnuje razbu 12 km dlouhého dvoutroubového tunelu ze
zapadniho portdlu. Severni trouba je pfevazné raZena tunelova-
cim strojem. Pfi razbach vznikne 1,6 mil. m? rubaniny, proraz-
ka je planovédna na rok 2018. NadloZi je misty az 1200 m vyso-
ké a vzdélenost mezi obéma troubami je priblizn€ 40 m.
Propojky spojuji ob¢ trouby kazdych 500 m. Exkurzi se vénu-

2N

je jedna z fotoreportdzi v tomto ¢isle casopisu Tunel.

2. Stavba Obervermuntwerk I1.

Jednd se o stavbu preCerpavaci vodni elektrarny v regionu
Vorarlbersko, kterd ma byt po svém dokonceni druhd nejroz-
sahlejsi po Voralberger Illwerke AG. Pro tuto novou elektrarnu
nebude budovdna zddnd novd nddrz, ale vyuZiji se stdvajici
rezervodry Silvretta a Vermunt, které jiz dfive slouzily pro
elektrarnu Obervermuntwerk z roku 1943. Spolu s puvodni
elektrarnou bude mozné vyuzit plnou kapacitu téchto nadrzi.
Stavba je rozdélena diky svému rozsahu do péti ¢ésti.

3. Exkurze po podzemnich dilech mésta Salzburg

Tato exkurze méla za ukol seznamit zdjemce s geotech-
nickymi problémy a jejich feSenim stejné jako s vyrovndnim se
s prirodnimi riziky tykajicimi se historickych objekt ve mésté
Salzburg a jeho okoli.

Ing. MARKETA PRUSKOVA, pruskova@ita-aites.cz,
CzTA ITA-AITES, 7. s.
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Fig. 1 Presentation of the conference Underground Construction Prague 2016




TUNELARSKE ODPOLEDNE 2/2015
TUNNEL AFTERNOON 2/2015

The Tunnel Afternoon on the topic of Historic Underground
Workings was held on the 23rd September 2015. This time the
lectures were atypical; partly it was because the underground
was paid attention rather from a lay point of view, partly becau-
se of the fact that only one speaker presented the lectures — Mr.
Ladislav Lahoda, the president of the CMA (the Historic
Underground Research Association). Three topics were addres-
sed during the whole afternoon. Switzerland was the first of
them. It was certainly surprising that, even though Switzerland
is a neutral state, its military fortresses are perfect and many of
them are located in extensive underground spaces. The second
topic dealt with the Amerika quarries in the Czech Karst. In
addition to the description of underground spaces, the narration
about the Amerika was supplemented by legends and stories
from the life of tramps, who highly favour this area. The last
lecture described the survey into a mysterious shaft in Northern
Bohemia, where an assumption existed that a “treasure” had
been hidden in the past. This secret has not been uncovered des-
pite the fact that the shaft was not only found but even explo-
red throughout its depth.

Dne 23. zari 2015 se uskutecnilo v Ballingové sdle v Ndrodni{
technické knihovné v prazskych Dejvicich Tunelarské odpoled-
ne na téma Historickd podzemi dila. Tento namét byl ndplni
Tunelarského odpoledne jiz podruhé, protoze v minulém roce
zaznamenal takovy uspéch, Ze predsednictvo CzTA rozhodlo
historii ve€novat je$té jeden cyklus predndSek. Zahdjil jej
mistopredseda Ceské tuneldiské asociace ITA-AITES, z. s.,
prof. Ing. Jif{ Bartak, DrSc.

Tentokrat byly prednéasky atypické, jednak podzemi byla
vénovana pozornost spiSe z laického pohledu a také protoze
vystoupil jen jeden feénik — pan Ladislav Lahoda, prezident
CMA - spolecnosti pro vyzkum historického podzemi. CMA se
vénuje historickym podzemnim prostoram jiz nékolik desitek
let. SdruZuje zdjemce o problematiku, vénuje se objevovani,
pruzkumu, dokumentaci a ndsledné ochrané, popr. i snaze zpri-
stupnit alesponi &dst nékterych prostoru vefejnosti.

Béhem celého odpoledne zaznéla tfi témata. Prvnim z nich
bylo Svycarsko. Jednd se o neutrdlni stét, tak jisté prekvapi, jak
dokonalé vojenské opevnéni této zemé existuje. A pravé mnohé
objekty, o kterych béZny navstévnik nemd ani ponéti, jsou
umistény v rozsdhlych podzemnich prostordch, navic ukryty
tak, Ze a¢ se nachézeji v blizkosti oblibenych turistickych cila,
jsou témer nepostrehnutelné. V promitnutém dokumentdarnim
filmu se o tom mohli posluchadi presvédéit.

Jfotolphoto courtesy of Ladislav Lahoda
Obr. 2 Podzemi lomu Amerika

Fig. 2 The underground spaces of the Amerika quarries
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. } fotolphoto courtesy of Ladislay Lahoda
Obr. 1 Svycarské opevnéni
Fig. 1 Military fortresses of Switzerland

Druhym tématem byly lomy Amerika. Pan Lahoda vypravél
mnoho z4zitki z dob, kdy spole¢nost CMA vénovala prevaz-
nou pozornost této lokalité, cilem jejich ¢lent bylo prozkoumat
nepristupné Stoly a dal$i podzemni prostory. Povidani
0 Americe doplnil i legendami a vypravénim ze Zivota trampu,
ktefi maji tuto oblast ve velké oblibé.

Posledni predndska popisovala pruzkum tajemné Sachty
v severnich Cechdch, u které existoval predpoklad, Ze v ni byl
alespon v minulosti ukryt ,,poklad. PfestoZe se Sachtu podari-
lo nejen vypatrat, ale v celé své hloubce i prozkoumat, nepo-
dafilo se toto tajemstvi odhalit. A tak zistdvd jen domnénka, Ze
Némci, ktefi na konci 2. svétové vélky narychlo opoustéli
uzemi nasi zemé, ukryli zde tajné dokumenty, ale ty byly
pozdéji premistény jinam. Smutné na celém pribéhu bylo, Ze
i kdyZ se s mimofddnym dsilim dobrovolniki podafilo tuto
Sachtu celou odkryt, ifady ndsledné prikézaly celé dilo zasypat
a tak neni zachovédna tato pamatka na ddvné dulnf dilo, které
vzniklo pfi hleddni nerostnych surovin v oblasti.

Tunelarské odpoledne 2/2015 bylo svou néplni jisté pritazli-
vé, prildkalo okolo 80 posluchac¢u. Piipravu odborného progra-
mu zajistil Ing. Alexandr Butovi¢, Ph.D. (Satra, spol. s r.o.).
Vice k tématam lze nalézt na strankdch spole¢nosti CMA
- www.podzemi-cma.cz

Ing. MARKETA PRUSKOVA, pruskova@ita-aites.cz,
CzTA ITA-AITES, z. s.

Jfotolphoto courtesy of Ladislav Lahoda

Obr. 3 Stoly lomit Amerika
Fig. 3 The galeries of the Amerika quarries
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KONFERENCE POZARNI BEZPECNOST TUNELU 2015

FIRE SAFETY IN TUNNELS CONFERENCE 2015

The Ostrava-based K.B.K. fire company in collaboration
with the Road and Motorway Directorate of the CR and the
Slovakian National Motorway Company organised the already
4th conference Fire Safety in Tunnels 2015, which was held
from 23/09/2015 to 24/09/2015. The conference topics compri-
sed the operational safety, reconstruction and development of
new motorway tunnels and their protection, mainly regarding
the fire protection.

Ve dnech 23. 9. az 24. 9. 2015 usporadala firma K.B K. fire,
s.r.o., pozarni ochrana z Ostravy ve spolupréci s Reditelstvim
silnic a délnic CR (RSD), Nérodnou dialni¢nou spolo¢nostou,
a. s., SR (NDS) jiz 4. konferenci PoZdrni bezpecnost tunelu
2015. V dvodu konference promluvil Ing. Petr Bebc¢ak, Ph.D.,
K.B K. fire, s.r.o., o poslani a ucelu konference. Déle zastupci
RSD a NDS seznamili pritomné se stavem provozu, rekonstruk-
ci a novou vystavbou ddlni¢nich tunelt a jejich zabezpe&en{
zejména s ohledem na pozarni ochranu a navrhli dpravy vyply-
vajici z provoznich zkuSenosti. Zastupce CVUT Praha, Fakulta
dopravni prednesl zajimavou predndsku o optimalizaci techno-
logického vybaveni tuneld se zfetelem na bezpecnost a cenu.
V dal$ich pfedndSkédch byla reSena problematika technologické-
ho vybaveni ddlni¢nich tuneli z hlediska poZdrni ochrany.
Jednalo se o kabelové a nosné systémy, elektrické rozvadece,
monitorovéni vozidel prepravujicich nebezpecny ndklad, bezu-
drzbové detektory koufe v tunelech a méfi¢e opacity, proudové

a axidlni pretlakové ventildtory pro vétrani tunelt. Déle byly
predneseny prednasky tykajici se novych poznatku na zdkladé
méreni ve zkuSebnim tunelu s asfaltovym povrchem vozovek,
rekonstrukce stavajicich tuneld v CR a SR, vystavba tunelu
Povazsky Chlmec v SR. Zajimavd byla predndska Ing. Jana
Dekanka, pozarniho specialisty SR, o novelizaci TP 11/2011
PoZiarna bezpecnost cestnych tunelov, kterd bude platit od 1. 1.
2016. Je zde konkretizovdno oznaceni unikovych cest a SOS
kabin, pozadavky na poZzarni oddéleni kabelovych kandla pod
chodnikem a kabelovych Sachet, novy pozadavek na instalaci
nezavodnénych poZarnich vodovodua v pri¢nych propojkach
a zejména novy pozadavek na instalaci stabilniho hasiciho zafi-
zeni (SHZ) v jednosmérnych tunelech délky nad 1500 m
a dvousmérnych tunelech nad 600 m.

Chovini fidi¢t CR a SR je stdle v mnoha piipadech nesprav-
né a nebezpecné. NDS, a. s., zatala marketingovou kampan
»Bezpecne v tuneli“, kterd mé za cil vhodnou formou vzdela-
vat fidi¢e, aby spravné reagovali na nebezpeéné situace
v tunelech a aby je zejména sami nezpusobovali. Informace lze
nalézt na www.ndsas.sk/bezpecne-v-tuneli.

Utastnici konference obdrzeli materily od jednotlivych pred-
ndsek a sbornik prednasek v elektronické podobe.

Ing. MIROSLAV NOVAK,
METROPROJEKT Praha a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA - PELC-TYROLKA (BLANKA)

K radosti v§ech motorista se v sobotu 19. zafi po osmi letech
stavby oteviel pro verejnou dopravu tunelovy komplex
Blanka, ktery se skldda z Brusnického, Dejvického

a Bubenedského tunelu (obr. 1, 2). Stavba témér 6.4 km dlou-
hého podzemniho dila je nejdelsim méstskym tunelem
v Evropé a doposud i nejvetsi realizovanou zakazkou zhotovi-
tele stavebni cdsti dila spolecnosti Metrostav a.s. Zahdjeny
provoz probiha na zdkladé dokumentace pro zkuSebni provoz,
kterd byla pro tyto ucely vypracovdna generdlnim projektan-
tem a odsouhlasena dotenymi orgdny hlavniho mésta Prahy.

Obr. 1 Otevreni tunelového komplexu Blanka
Fig. 1 Opening of the Blanka complex of tunnels

THE CZECH REPUBLIC

COMPLEX OF CITY CIRCLE ROAD STRUCTURES
IN MYSLBEKOVA - PELC-TYROLKA SECTION (BLANKA)

To the delight of all motorists, the Blanka complex of tun-
nels, consisting of the Brusnice, Dejvice and Bubenec tunnels,
was opened to traffic on Saturday the 19th September 2015,
after eight years of construction work (see Fig. 1, 2). The con-
struction of the nearly 6.4km long underground working is the
longest urban tunnel in Europe. It is the largest contract reali-
sed untill now by Metrostav a.s., the contractor for the civil
engineering part. The operation proceeds on the basis of the
test running design prepared for this purpose by the general
designer and approved by relevant authorities of the City of
Prague. A significant part of the activities associated with the
test running is provided by CKD DIZ a.s., the contractor for
the technological part of the works.

A tactical exercise of the Fire Rescue Brigade of the City of
Prague took place on the 17th September 2015, prior to the
Blanka tunnel opening to traffic. The exercise confirmed the
functionality of the entire rescue system of the complex of tun-
nels.

The Blanka complex of tunnels in addition comprised the
construction of the Troja Bridge, which was opened to traffic
in advance, on the 4th October 2014. Strengthening of the
flood defence measures on the left bank of the Vitava was also
part of this proportion of the project.

The newly completed part of the City Circle Road in the
Malovanka — Pelc-Tyrolka section should be followed in the
future by the last part of the Circle Road consisting of the
complex of three structures of the eastern part in the Pelc-



Obr. 2 Otevreni tunelového komplexu Blanka
Fig. 2 Opening of the Blanka complex of tunnels

Vyznamnou ¢ast ¢innosti spojenych se zkuSebnim provozem
zajistuje dodavatel technologické &asti dila spole¢nost CKD
DIZ as.

Pred uvedenim do provozu v Blance probehlo 17. zar{ tak-
tické cviceni Hasi¢ského zdchranného sboru hl. m. Prahy,
které potvrdilo funkénost celého zachranného systému tunelo-
vého komplexu.

Soucdsti Blanky byla i stavba Trojského mostu, ktery byl
predstihové uveden do provozu dne 4. fijna 2014. Souldsti této
¢asti stavby bylo i zesileni protipovodnovych opatfeni na
vltavském brehu.

Na nové vybudovanou d¢ast vnitiniho okruhu v dseku
Malovanka — Pelc-Tyrolka by v budoucnu méla navazat
posledni ¢dst okruhu sloZend ze souboru tfi staveb vychodni
&asti v dseku Pelc-Tyrolka — Balabenka — Stérboholska radia-
la a tzv. Libenskd spojka. Stavbou tohoto tseku se pak vnitini
okruh definitivné propoji, a tim dojde k findlnimu omezeni
dopravy v centru mésta, které umozni vznik tolik Zddanych
novych pésich a klidovych zén pro nasi metropoli.

MODERNIZACE TRATI ROKYCANY - PLZEN

Od zahdjeni raZeb v tinoru leto$niho roku se razba jizni trou-
by Ejpovického tunelu postupné dostidva do své druhé polovi-
ny. Pri podchdzeni vrchu Homolka se zhotovitel potykal
s vysokymi pritoky podzemni vody z Celby tunelu. Paradoxem
bylo, Ze nejvyssich hodnot piitoku az 25 1/s a hydrostatického
tlaku 2,8 baru ve vrchliku tunelu bylo dosaZeno v cervenci,
kdy deniky a zpravodajské kandly informovaly o extrémnim
suchu v celé Ceské republice.

V mésici zafi mél tunelovaci stroj jménem Viktorie za sebou
jiz vice nez 2 km vyraZzené trasy. Zajimavého mezniku bylo
dosazZeno 22. srpna, kdy razby dospé€ly do staniCeni 1762 TM,
¢imz se Ejpovicky tunel ujal prvenstvi mezi nejdelSimi Zelez-
ni¢nimi tunely v Ceské republice.

Kromé razeb samotnych také probihd hloubeni vyjezdového
portélu a stredové Sachty, z které bude razena technologicka
chodba k budouci propojce mezi tratovymi tunely.

DALNICE D8 — 0805 LOVOSICE — REHLOVICE

V obou tunelech Prackovice a Radejéin stavby ddlnice pres
Ceské stiedohoii bylo provedeno v mésicich zaif a fijen vozov-
kové souvrstvi, které se sklddalo z podkladni vrstvy ze Stérkodrti,
cementové stabilizace a dvouvrstvého cementobetonového krytu
o celkové tloustte 240 mm (spodni beton 190 mm, horni beton
50 mm). Pro dosaZzeni vyhovujicich dlouhodobych a homo-
gennich protismykovych vlastnosti byla pouzita technologie
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Tyrolka — Balabenka — Stérboholy Radial Road and the so-cal-
led Liben Link Road section. The Circle Road (the inner circ-
le) will be definitely interconnected and the traffic flow rate in
the city centre will be finally reduced. It will allow for the ori-
gination of new pedestrian thoroughfares and quiet zones,
which are so much demanded in our metropolis.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

Since the commencement of tunnelling in February 2015,
the excavation of the southern tube of the Ejpovice tunnel has
gradually got into the second half. The contractor had to cope
with high rates of groundwater inflows from the excavation
face. The fact that the highest values of inflow rates of up to
25L/s and hydrostatic pressure of 2.8bar were registered at the
tunnel crown in July, when dailies and news channels infor-
med about an extreme drought in the entire Czech Republic,
was paradoxical.

In September, the Viktorie TBM had already over 2km of the
completed route behind it. An interesting milestone was rea-
ched on the 22nd August, when the excavation arrived at tun-
nel chainage m 1762. In this way, the Ejpovice tunnel assumed
primacy among longest railway tunnels in the Czech Republic.

Apart from the tunnel excavation itself, the excavation for
the pit for the exit portal and the central shaft is also underway.
The technology gallery will be driven from the shaft to a future
cross passage between the running tunnels.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

Roadway courses comprising crushed gravel roadbed,
a cement stabilised layer and a double-layer concrete cover
with the total thickness of 240mm (lower concrete layer
190mm and upper concrete layer 50mm thick) were carried out
in both tunnels, Prackovice and Radej¢in, in the motorway
construction section running across Ceské Stfedohofi (Central
Bohemian Uplands) during September and October. The expo-
sed aggregate concrete surface technology was applied to achi-
eve satisfactory long-term and homogeneous skid resistance
properties. The work on the equipment of both tunnels in the
overall composition scope of the operating units is underway
concurrently.

But the most important moment and, at the same time, the
condition leading to the completion of the entire works is the
fact that the project owner has eventually obtained the con-
struction permit for the last section of this part of the route.
The permit allows for constructing the till now unrealised brid-
ge in the route section between the portals of the two tunnels.

Ing. BORIS §EBESTA, sebesta@metrostav.cz,
Metrostay a.s.

EXPLORATORY GALLERY FOR THE RADLICE RADIAL
ROAD FROM THE SOUTH-WESTERN SATELITE TOWN
AND SMICHOV

At the construction of the exploratory gallery for the Radlice
Radial Road, 784m of the total length of 850m of the excava-
tion were completed as of 30/09/2015, including all four pas-
sing bays that were assumed in the design. It means that only
102m remained on that day to the end of the excavation. The
excavation currently proceeds through the fourth excavation
support class with the excavation round lengths of 1.25m. The
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obnazeného kameniva na povrchu betonového krytu. Soucasné
probihaji také prdce na technologickém vybaveni obou tunelu
v celkové skladbé provoznich souboru.

Avsak nejdulezitéj$im momentem a soudasné predpokladem
vedoucim k dokonceni celého dila je investorem konecné zis-
kané stavebni povoleni posledniho tseku cdsti trasy, které
umoznuje vybudovat zatim nerealizovany most v trase spoju-
jici pravé portdly obou tunelu.

Ing. BORIS gEBESTA, sebesta@metrostav.cz,
Metrostay a.s.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JIHOZAPADNI MESTO - SMICHOV

Na stavbé prizkumné Stoly pro Radlickou radidlu bylo
z celkové délky Stoly 850 m k 30. 9. 2015 vyrazeno 748 m
véetné vSech Ctyf vyhyben, se kterymi bylo v projektu uvazo-
véano. K tomuto terminu tedy zbyvalo do konce razeb jiz pouze
102 m. Razba v soucasné dobé probihd ve &tvrté technologic-
ké tiidé s délkou zdbéru 1,25 m. Prubézné s razbou jsou pro-
vadény pldnované pruzkumné préce, a to jak v prazkumné
Stole, tak na povrchu v rozsahu celé trasy pldnované Radlické
radialy.

REVITALIZACE TRATI TRUTNOV - TEPLICE NAD
METUJI

Na nové zahajované stavbé ,Revitalizace trati Trutnov —
Teplice n. M.“ probéhly v mésici zari v &asti ,, Teplicky tunel*
pripravné préace spocivajici v realizaci ploch zafizeni stavenis-
té, mezideponie a pristupovych komunikaci k obéma portdlam.
Dne 29. 9. 2015 byla slavnostné osazena soSka svaté Barbory
a pracovnici firmy Subterra a.s., divize 1 zahdjili vrtan{
ochrannych destniki na obou portalech. Po provedeni de$tni-
ka (2. 10. 2015) byla neprodlené zahdjena razba (zvétSenf)
tunelového profilu, a to z obou portdla tunelu za pouZiti prin-
cipu NRTM. Tento postup na dvé Celby je pro tunel délky
230 m netradi¢ni, ale je vyZdddn velmi kratkou dobou vyluky
na trati, coz je 122 dnu. V této dobé musi byt snesen kolejovy
svrSek a spodek, prezmdhan tunelovy profil, realizovany
patky, féliova destnikova izolace a provedeno definitivni Zele-
zobetonové osténi. Poté budou ndsledovat dokonéovaci prace
(madla, natéry, osvétleni) a v tunelu bude obnoven Zelezni¢ni
spodek a svrsek.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m boli
ukoncené v 10/2015 vsetky prace a je pripraveny na spustenie
do uZivania. Tunel Sibenik bude sucastou tseku dialnice D1
Janovce — Jablonov celkovej dlzky 9.5 km. ZhotovitefTom
stavby je zdruZenie Eurovia SK, a. s., Eurovia CS, a. s., Stavby
mostov Slovakia, a.s. UkonCenie stavby a uvedenie dialhi¢né-
ho useku do prevadzky sa predpokladd v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe useku dialnice D3 Svr¢inovec — Skalité sticastou
stavby st aj tunely Polana (890 m) a Svrcinovec (445 m).
Tunel Polana aj Svréinovec boli uZ prerazené a prebichaju
prace na reprofildcii jednotlivych blokov, betonovanie zdkla-
dovych pdsov a montdz drendZneho odvodnenia. Chyba
poslednych 15 m, aby doslo k prerazeniu tuneli dnikovej $tol-
ne na tuneli Polana. Vystavbu useku zabezpeCuje zdruZenie

TuHel

planned exploration operations are carried out continually with
the excavation proceeding ahead, both in the exploratory gal-
lery and on the surface, within the scope of the whole route of
the planned Radlice Radial Road.

REVITALISATION OF TRUTNOV - TEPLICE NAD METUJI
RAILWAY TRACK

Preparatory operations lying in the realisation of areas plan-
ned for the site arrangement, an intermediate stockpile and
access roads to both portals took place on the newly commen-
cing construction project “Revitalisation of the Trutnov —
Teplice nad Metuji railway track”, the “Teplice tunnel” part, in
September. The ceremonial installation of a statuette of Saint
Barbara took place on 29/09/2015. Employees of Subterra
a.s. Division 1 started to drill for protective umbrellas at both
portals. After the completion of the umbrellas (02/10/2015),
the excavation (enlargement) of the tunnel profile immediate-
ly started from both tunnel portals using the NATM principles.
This procedure with two headings is not traditional for a 230m
long tunnel, but it is necessary with respect to the very short
time available for closing of the line to traffic (122 days).
During this time the trackwork and trackbed have to be remo-
ved, the tunnel profile has to be re-excavated, footings have to
be carried out, umbrella-type plastic membrane waterproofing
has to be installed and the final reinforced concrete lining has
to be carried out. The finishing work (hand rails, coating, illu-
mination) will follow and the trackbed and trackwork will be
renewed in the tunnel.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

All work on the construction of the 588m long Sibenik
motorway tunnel was finished in 10/2015 and the tunnel is
prepared for opening to traffic. The Sibenik tunnel will be part
of the Janovce — Jablonov section of the D1 with the total
length of 9.5km. The construction contractor is formed by
a consortium consisting of Eurovia SK, a. s., Eurovia CS,
a. s. and Stavby mostov Slovakia, a .s. The completion of the
structure and bringing the motorway section into service is
expected in 2015.

POLANA AND SVRCINOVEC TUNNELS

The construction of the Svr¢inovec — Skalité section of the
D3 motorway comprises, among other structures, the Polana
(890m) and Svrcinovec (445m) tunnels. Both the Polana and
Svréinovec tunnels have already broken through and the cur-
rent work comprises re-profiling individual blocks, casting
concrete footing strips and laying drainage. Last 15 metres
remain to the breakthrough of the escape gallery at the Polana
tunnel. The construction of the section is carried out by
a consortium consisting of four companies: Vdhostav — SK,
a. s., Doprastav, a. s., Strabag, a. s., and Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

There are two tunnels in the Hricovské Podhradie —
Lietavskd Lucka section of the D1 motorway: the Ovciarsko
tunnel (2367m) and the Zilina tunnel (651m). The tunnel exca-
vation is underway from the western portal in the Ovciarisko
tunnel; 1270m of the excavation have been finished in the




Styroch spolocnosti: Vahostav — SK, a. s., Doprastav, a. s.,
Strabag, a. s., a Metrostav SK, a. s.

TUNELY OVCIARSKO A ZILINA

Na dseku D1 Hricovské Podhradie — Lietavskd Luicka sucas-
tou stavby st dva tunely: Ovciarsko (2367 m) a Zilina (651 m).
Na tuneli Ovciarsko prebieha razenie od zdpadného portdlu,
kde v severnej tunelovej rire je vyrazenych 1270 m a v juZnej
tunelovej rire 1170 m v kalote. Na vychodnom portali zacalo
samotné razenie. V severnej tunelovej rire je vyrazenych
278 m a juZnej tunelovej rire 45 m v kalote. V tuneli Zilina
prebieha razenie od zdpadného portdlu. V sicasnosti je vyra-
zenych na STR 102 m a JTR 140 m. Na vychodnom portéli
prebicha zaistovanie portdlovej steny. Stavbu realizuje zdru-
Zenie Doprastav, a. s., Vdhostav — SK, a. s., Strabag, a. s.
a Metrostav SK, a. s.

TUNEL CEBRAT

Na dseku D1 Hubova — Ivachnova , ktorej stcastou je tunel
Cebrat’ (1994 m), v sti¢asnosti prebieha razenie od vychodné-
ho portdlu. V severnej tunelovej riure je vyrazenych 150 m
a v juznej tunelovej rire 150 m. V sicasnosti sd prace na tune-
li pozastavené. Zhotovitelom stavby je zdruzZenie spolo¢nosti
OHL 7S, a. s., a Vdhostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Na tseku D3 Zilina StraZov — Zilina Brodno, ktorého stcas-
tou je tunel Povazsky Chlmec (2250 m) doslo k zacatiu prac
30. 6.2014.V siacasnosti bolo dokoncené razenie od stredové-
ho portdlu na obe strany v oboch rirach. Prebieha eSte razenie
od stredovej jamy ku vychodnému portidlu na STR 287 m
a JTR 454 m. Pripravuje sa razenie od vychodného portalu.
Zhotovitelom stavby je zdruZenie Eurovia a. s., HOCHTIEF
CZ a.s. a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

S vystavbou tunela Visnové (7500 m), ktory je sucastou
tseku D1 Lietavskd Licka — Visfiové — Dubnd Skala, sa zaCa-
lo dna 27. 6. 2014. V sidcasnosti prebieha razenie od zapad-
ného portdlu na severnej tunelovej rire 278 m a juznej tunelo-
vej rure 127 m. Razenie od vychodného portdlu na severnej
tunelovej rdre 252 m a juznej tunelovej rire 45 m. Zhotovite-
lom tdseku je zdruzenie firiem Salini Impregilo S. p. A
a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a. s.
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northern tunnel tube, whilst 1170m have been finished in the
southern tunnel tube top heading. Tunnelling operations have
commenced at the eastern portal: 278m of excavation have
been completed in the northern tunnel tube and 45m in the
southern tunnel tube top heading. The Zilina tunnel excavati-
on proceeds from the western portal. Till now, 102m of the
NTT and 140m of the STT excavation have been finished. The
portal wall at the eastern portal is being stabilised. The con-
struction is being realised by a consortium consisting of
Doprastav, a. s., Vdhostav — SK, a. s., Strabag, a. s. and
Metrostav SK, a. s.

CEBRAT TUNNEL

In the Hubova — Ivachnova section of the D1 motorway, part
of which is the 1994m long Cebrat tunnel, the tunnel excavati-
on currently proceeds from the eastern portal. Both in the nort-
hern tunnel tube and southern tunnel tube, 150m of the excava-
tion have been finished. At the moment, the work on the tunnel
is suspended. The construction contractor is a consortium con-
sisting of OHL 7S, a. s., and Védhostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

The work in the Zilina StrdZov — Zilina Brodno section of
the D3 motorway, a part of which is the 2250m long PovaZzsky
Chlmec tunnel, commenced on the 30th June 2014. Till now,
the tunnel excavation has been finished in both tunnel tubes to
both sides from the middle portal. The excavation from the
middle construction pit toward the eastern portal in the NTT
(287m) and STT (454m) is still in progress. The excavation
from the eastern portal is under preparation. The construction
is carried out by a consortium consisting of Eurovia a. s.,
HOCHTIEF CZ a.s. and Stavby mostov Slovakia, a. s.

VISNOVE TUNNEL

The construction work on the 7500m long Visnové tunnel,
which is part of the Lietavskd Licka — Visnové — Dubnd Skala
section of the D1 motorway, commenced on the 27th June
2014. At the moment the tunnel excavation proceeds from the
western portal in the northern tunnel tube (278m) and in the
southern tunnel tube (127m). The excavation from the eastern
portal in the northern tunnel tube and the southern tunnel tube
has been finished at the lengths of 252m and 45m, respective-
ly. A consortium consisting of Salini Impregilo S. p. A and
Duha, a. s. is the construction contractor.

Ing. MILAN MAJERC’iK, milan.majercik @ndsas sk,
NDS, a. s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE TUNELU VE SLOVENSKE A CESKE REPUBLICE S LOKOMOTIVAMI
PICTURE POST CARDS OF TUNNELS IN THE SLOVAK AND CZECH REPUBLICS WITH LOCOMOTIVES

The other part of the series offers several interesting picture
postcards from relatively recent time, which were evidently
published mainly for fans of locomotives and trains.
A locomotive or a railway motor-car emerges from a tunnel

portal in these pictures. A nice old picture card showing the
Bratislava Castle (also with a locomotive and, in addition, with
parked railway cars) is attached to the introduction. A curiosity
represented by a commemorative post card (of course also with
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Obr. 1 Bratislava. Tunel.

I. v. B. No. 100. Kolorovana fotografie. Cca 1918 az 1919. [sbirka au-
toru]

Krdsny pohled na Bratislavu s portdly Lamadskych tunelii a véZi chrdmu
sv. Martina a pustym Bratislavskym hradem v pozadi. Pohlednice byla
adresovdna sle¢ne Mici Schuster v Brné.

Fig. 1 Bratislava tunnel

I. v. B No. 100. Coloured photo, Ca 1918-1919. [authors| collection]

A beautiful view of Bratislava with portals of the Lama4 tunnels and
St. Martin cathedral towers and the desolate Bratislava Castle in the
background. The picure card was addressed to Miss Mici Schuster in
Brno.

an exiting train) is added to them in the end. The legends on the
underside of individual post cards, usually defining the loco-
motive type, are supplemented in the paper by basic characte-
ristics or interesting facts concerning the tunnels in question.

Obr. 3 475 196 na &ele mimoriadneho vlaku vychddza z Bralského tune-
Iu na trati Hornd Stubria — Prievidza (31. 5. 1997).

Foto © Martin Rys. Klub priatelov Zeleznic na Hornej Nitre. Sazba a tisk:
KATOS Pferov, CZ. [sbitka autora]

Z hlediska technické historie je Bralsky tunel velmi vyznamnou stavbou.
Nesl v minulosti také pojmenovdni T. G. Masaryka &i Velky tunel. Md délku
3011,6 m a doba jeho vystavby je uddvdna od 8. 11. 1927 do Fijna 1930.
Na pohlednici vyjizdi lokomotiva z portdlu Handlovd — P1. [1]. Rozsdhleji
je o Bralském tunelu pojedndno v ¢asopisu TUNEL ¢. 2/2011.

Fig. 3 475 196 at the front end of a non-scheduled train emerges from
the Bralo tunnel on the Horna Stubna — Prievidza railway line
(31/05/1997).

Photo © Martin Rys. Friends of Railways in Hornd Nitra Club. Setting and
printing: KATOS Pferov, CZ. [authors® collection]

From the aspect of the technical history, the Bralo tunnel project is very
important. Among other names it bore in the past, his name was the T.G.
Masaryk tunnel or the Great tunnel. It is 3011.6m long and the construc-
tion work lasted from the 8" November 1927 to the October of 1930. In the
picture postcard a locomotive emerges from the Handlovd portal- PI.[1].
The Bralo tunnel is described in more detail in TUNEL journal No.
2/2011.

Obr. 2 T 4784003 — vychddza z Bratislavského tunela s viedenskym rychli-
kom.

Foto: © Dusan Kelo. Dizajn: JASAM Bratislava. Tla¢: PUBLIC Malacky. ??.
[sbirka autoru]
Lamacsky tunel &. I (na pohlednici vlevo), oznacovany také jako stary, byl
vybudovdn béhem vystavby trati Videit — Bratislava. SlouZil vlakiim do
Bratislavy i do Devinskej Novej Vsi, a to obéma sméry az do roku 1902, kdy
byl zahdjen provoz také izv. novym tunelem (na pohlednici vpravo,
s vyjizdéjicim vlakem) Lamacskym 1I. Tunel &. I postaveny v letech 1844 aZ
1848 byl piivodné dvoukolejny a dlouhy 703,60 m. Mezi roky 1899 az 1900
byl zkrdcen na 594 m a pri prodluZovdni hlavniho nadraZt zjednokolejneén.
Lamacésky tunel &. 11 (tzv. novy) staveny od 15. 12. 1900 do konce zdri 1902,
md délku 595,61 m a je jednokolejny. Vidét je Bratislavsky (vychodni — P2)
portdl. [1]
Fig. 2 T 4784003 — emerging from the Bratislava tunnel with a Viennese
fast train.
Photo: © Dusan Kelo. Dizajn: JASAM Bratislava. Printing: PUBLIC
Malacky. ??. [authors® collection]

The Lamad tunnel No. I (pictured left), also referred to as the Old Tunnel,
was built during the construction of the Vienna — Bratislava railway track. It
was used for trains to Bratislava and to Devinskd Novd Ves, running in both
directions until 1902, when the operation through the so-called New Tunnel
(pictured right, with the train emerging from it), the Lamac II tunnel. The tun-
nel No. 1, which was built during the 1844 — 1848 period, was originally of
the double-track type and was 703.60m long. Its length was reduced to 594m
between 1899 and 1900 and was converted into a single-track tunnel during
the work on extending the length of the main railway station.

The Lama¢ tunnel No. 2 (the so-called New Tunnel), which was build from
15/12/1900 to the end of September 1902, is 595.61m long and contains only
a single track. It is possible to see the Bratislava portal (eastern — P2). [1]

Ve sbirce autort se nachdzi také nékolik zajimavych
pohlednic z relativné neddvné doby, které byly evidentné
vyddny pfedevsim pro milovniky lokomotiv a vlakua. Na téch-
to pohlednicich charakteristicky vyjizdi z tunelového portdlu
lokomotiva nebo motorovy vuz. K nim je na dvod pfipojena
peknd stard pohlednice s Bratislavskym tunelem (rovnéz
s lokomotivou a navic s odstavenymi vozy) a na zaver je pri-
dana kuriozita pfedstavovana prileZitostnou postovni dopisni-
ci (samozrejme také s vyjizdéjicim vlakem). Popisy z rubu
jednotlivych pohlednic, definujici obvykle typ lokomotivy,
jsou v &lanku doplnény zdkladnimi charakteristikami stavby
prip. zajimavostmi tykajicimi se pfedmétnych tunela.

Da se fici, Ze prezentované pohlednice ziskaly tim, Ze loko-
motiva ¢i vlakova souprava vyjizdi pravé z tunelu na neceka-
né dynamice a v preneseném slova smyslu tak i dal3i ,,prida-
nou sbératelskou hodnotu. Je to o to cennéjsi, Ze jde (aZ na
vyjimky) o pohlednice vydané jen relativné neddvno, a to vét-
Sinou v poslednich cca 20 letech.

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. TOMAS VRANA
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Obr. 4 Ozubnicovd lokomotiva 715.001 opousti tunel u Kofenova zastdv-
ky na trati ¢. 035 Tanvald — Harrachov 21. 9. 1997.

© Jaromir Bittner. HERKULES KAKD. [sbirka autoru]

Tunel Polubensky (drive nazyvany i Prichovicky) na tratovém useku Liberec
— Harrachov st. hranice, mezi zastdvkou Korenov a stanici Korenov. Stavba
zapocala 25. 4. 1900 z Tanvaldské strany a o 3 mésice pozdéji byly zahdje-
ny trhaci prdce i ze strany Polubenské. K trhacim pracim byl vyuZit také
Nobeliiv dynamit. Priumérny denni postup byl 1,15 m. Tunel byl dokoncen
roku 1902. 'V dobé vybudovdni mél délku 932 m, pri rekonstrukci trati
v letech 1958 aZ 1962 byl prodlouzen o osm metrii. Ceskym prvenstvim je
Jjeho nejvyssi podélny sklon, ktery ¢ini 53 promile. Podle historickych dokla-
dii bylo na stavbu tunelu pouZito 20 tun dynamitu.[2, 3, 5]

Fig. 4 The rack locomotive 715.001 leaves the tunnel near the Korenov
intermediate station on Tanvald — Harrachov track No. 035 on
21/09/1997.

© Jaromir Bittner. HERKULES KAKD. [authors’ collection]

The Polubny tunnel (formerly also named Prichovice tunnel) on the
Liberec — Harrachov state border track section between the Korenov
intermediate station and Korenov railway station. The construction com-
menced on 25/04/1900 from the Tanvald side and, 3 months later, blasting
operations started also from the Polubny side. Nobel’s dynamite was also
used for blasting. The average daily advance rate amounted to 1.15m. The
tunnel was completed in 1902. At that time it was 932m long. The length
was extended by eight metres during the reconstruction of the track carri-
ed out from 1958 to 1962. The Czech primacy of the tunnel is its greatest
longitudinal gradient amounting to 53 per mille. According to historic
documents, 20 tonnes of dynamite were used for the tunnel construction
[2,3,5]

1. 9. 2008

REPUBLIKA

Obr. 6 Elektrickd lokomotiva 151 001-5 v éele IC 140 vyjiZdi z portdlu
Trebovického tunelu. Vyddno pro Letohradsky Zelezniéni klub, 10/2005.
Foto © Jiti Adolf. Vydavatelstvi a tisk: OFTIS Usti nad Orlici. [sbirka
autoru]

Pohled na zdpadni portdl jednokolejného Trebovického tunelu 7 roku
1845, obnoveného v délce 511,23 m v roce 1933. Osud této vyznamné
tecvhnické pamdtky a obzvldstni pamétihodnosti tunelového stavitelstvi
v CR definitivné zpecetila prelozka traté a vystavba nového dvoukolejné-
ho tunelu. Posledni viak timto starym Trebovickym tunelem projel 8. 4.
2005 krdtce po 11:00. Tento vlak vyjiZdi z portdlu na tiebovické strané.
Prostor starého tunelu byl po jeho uzavieni vyplnén popilkocementovou
smesi. [2, 3, 4]

UVEDEN ZELEZNIENIHO TUNELU
POD VITKOVEM DO PROVOZU Mertas

Obr. 5 Uvedeni elezni¢niho tunelu pod Vitkovem do provozu 1.9. 2008.

Qarta. [sbirka autort] . o
Nejednd se o pohlednici, nybrz o jistou kuriozitu — pﬁleilsostnou postovril dOplS.nlc/l‘.‘
Jde o zdpadni portdly dvoukolejnych Vitkovskych tunelii na tzv. ,,Novém sp}o]em
v Praze. Jejich vystavba byla dokoncena v roce 2008. Severni Vz’tk()v.skyv tuﬁd}
(Vitkovsky 1, na dopisnici vievo) md délku 1316 m a vede smérem do a z Libne. {lznl
Vitkovsky tunel (Vitkovsky II, na dopisnici vpravo ) je dlouhy 1364 m a vedg smerem
do a 7 HoleSovic a Vysocan. Jednd se 0 3.a 4. nejdelsi Zeleznicni tunel v CR. [3]
Fig. 5 Inauguration of the railway tunnel under Vitkov Hill on 01/09/2008.
Qarta. [authors’ collection] '
It is not a picture postcard; it is a certain curiosity — commemorative postal card.
Pictured objects are both western portals of the double-track Vitkov tunnel"s on the
so-called “New Connection” in Prague. Their construction was completed in 2008.
The northern Vitkov tunnel (Vitkov I, pictured left) is 1316m long; it leads in the
direction of and from Liberi. The southern Vitkov tunnel (Vitkov II — picnfred right)
is 1364m long; it leads in the direction of and from Holesovice and Vysocany. They
are the 34 and 4 longest railway tunnels in the CR. [3]

Fig. 6 Electric locomotive 151 001-5 at the front end of the IC 140 emer-
ges from the Trebovice tunnel portal. Published for the Letohrad
Railway Club, 10/2005.

Photo © Jifi Adolf. Publishing house and printing: OFTIS Usti Nad
Orlici. [authors® collection]

A view of the western portal of the Trebovice single-track tunnel from
1845, which was renewed at the length of 511.23m in 1933. The fate of
this significant technical monument and a place of interest of tunnel con-
struction engineering in the CR was definitely sealed by the track diver-
sion and the development of a new double-track tunnel. The last train
passed through this old Trebovice tunnel on 08/04/2005 shortly after
11:00 hours. This train exits the tunnel through the portal on the
Trebovice side.

The space of the old tunnel was filled with a cinder concrete mixture after
the tunnel closure. [2, 3, 4]
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Obr. 7 Motorovy voz 830 128-5 na éele mimoriadneho vlaku na trati Hornd
Stubiia — Prievidza v km 13,0 u Hdjnického tunelu (7. 12. 1997).

Foto © Martin Rys. Klub priatelov Zeleznic na Hornej Nitre. Sazba a tisk:
KATOS Prerov, CZ. [sbirka autoru]

Délka Hdjnického tunelu se uddvd 103 m, doba vystavby od 15.5. 1929 do
12. 8. 1930. Na pohlednici vyjizdi souprava z Handlovského portdlu. [1]

Fig. 7 Rail motor-car 830 128-5 at the front end of a non-scheduled train on
the Hornd Stubnd — Prievidza track at chainage km 13.0 of the Hdjnica tun-

nel (07/12/1997)

Photo © Martin Rys. Friends of Railways in Hornd Nitra Club. Setting and
printing: KATOS Prerov, CZ. [authors® collection]

The Hdjnica tunnel is 103m long, the construction period lasted from
15/05/1929 to 12/08/1930. The train in the picture emerges from the Handlovd
portal. [1]

Podékovani: Prispevek byl vypracovdn s financni pomoct
EU ,,OP Vyzkum a vyvoj pro inovace*, projekt reg. C.
CZ.1.05/2.1.00/03.0097, v rdmci cinnosti regiondlniho centra
AdMasS ,, Pokrocilé stavebni materidly, konstrukce a technologie
a programu Centra kompetence Technologické agentury Ceské
republiky (TACR) v rdmci projektu Centrum pro efektivni
a udrzitelnou dopravni infrastrukturu (CESTI), cislo projektu
TE01020168.
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Obr. 8 Lokomotiva 464.202 s vlakem Vyjizdi z tunelu u Milotic nad Opavou se
soupravou historického viaku dne 10. ervna 2000.

Foto: Jaroslav Vales. Graf. dprava: RAP. Vydaly CD,s. 0., OPR Ostrava. Repro
— tisk: SPRINT Olomouc. [sbirka autort]

Miloticky tunel se nachdzi na tratovém iiseku Olomouc — Krnov (Opava), mezi
stanicemi Bruntdl — Milotice nad Opavou. Tunel Je jednokolejny, byl dokonce-
ny v roce 1872 a md délku 249,41 m. Patrné Jde o jeho vychodni portdl (smé-
rem k Zeleznicni stanici Milotice n/0). [3]

Fig. 8 Locomotive 464.202 with a train emerges from the tunnel near
Milotice Nad Opavou with a set of historic train on the 10 June 2000.
Photo: Jaroslav Vales. Graphic arrangement: RAP. Published by CD, s. 0., OPR
Ostrava. Repro — print: SPRINT Olomouc. [authors’ collection]

The Milotice tunnel is located in the Olomouc — Krnov (Opava) track section,
between Bruntdl and Milotice Nad Opavou stations. This 249.41m long single-
track tunnel was completed in 1872. In the picture there is probably the eas}ern
portal (in the direction of Milotice Nad Ohri) [3] )
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KONFERENCE PODZEMNI STAVBY PRAHA 2016

CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2016

Priprava 13. mezindrodni konference Podzemni stavby
Praha 2016, kterd je spojend se 3. Vychodoevropskou tune-
lafskou konferenci EETC 2016, pokracuje podle pldnu.
K 9. 11. 2015 bylo na konferenci pfihldseno 201 abstraktu
z 33 zemi. Neceld tietina pfihlasenych abstrakti je z CR

The preparation of the 13th international conference
Underground Construction Prague 2016, which is connected
with the 3rd Eastern European Tunnelling Conference EETC
2016, continues according to the plan. As of the 9th
November 2015, 201 abstracts from 33 countries were
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(79 abstraktu), ostatni prihlaSené abstrakty jsou prevazné submitted to the conference. Nearly one third of the submit-
z evropskych zemi, ale i z fady mimoevropskych zemi ted abstracts are from the Czech Republic (79 abstracts); the
(napf. Alzfrsko, Cina, Hongkong, Indie, Indonésie, Iran, other submitted papers are mainly from European countries,
but many of them are even from non-European countries (e.g.
Algeria, China, Hong Kong, India, Indonesia, Iran, Japan,
Mexico, the USA, Canada etc.). For comparison with the pre-
vious conferences — 217 abstracts were submitted in 2010,

Japonsko, Mexiko, USA, Kanada atd.). Pro srovnani
s minulymi konferencemi — v roce 2010 bylo prihldSeno
217 abstraktu, v roce 2013 jich bylo 178.

V soucasné dobé probihd upresnovani kli¢ovych a vy- sl 178 ebsimeis e reesived in 2013,
zvanych prednéSek, dané prednaSky pfednesou renomovani Currently the key lectures and invited lectures are being
zahrani¢ni odbornici jako Sgren Degn Eskesen z Danska specified. These lectures will be delivered by renowned fore-
(soutasny prezident ITA), prof. Bai Yun z Ciny, Viktorie ign experts, such as Sgren Degn Eskesen from Denmark (the
Chomovd ze Slovenska, Martin Knights a Steve Parry ze current ITA president), Prof. Bai Yun from China, Viktorie

Chomovd from Slovakia, Martin Knights and Steve Parry
from the United Kingdom, Prof. Robert Galler and Bernhard
Kohl from Austria, Heinz Ehrbar from Switzerland, Nasri
Munfah from the USA, Prof. Giulia Viggiani from Italy, or

Spojeného kralovstvi, prof. Robert Galler a Bernhard Kohl
z Rakouska, Heinz Ehrbar ze §V)’/carska, Nasri Munfah
z USA, prof. Giulia Viggiani z Itdlie, prof. Adam Bezuijen

z Belgie. Prof. Adam Bezuijen from Belgium.
Veskeré informace o konferenci jsou dostupné na webovych All information on the conference is available on web
strankdch www.pspraha.cz (Cesky) a www.ucprague.com pages www.pspraha.cz (Czech) and www.ucprague.com

(anglicky). Registrace tlastnikii a doprovodnych osob na (English). The registration of attendees and attending persons
for the conference and the reservation of accommodation was
started electronically on web pages on the 15th November
2015; the authors were informed about the acceptance of their
papers to the enc of November 2015; the Second An-
nouncement will be distributed by the end of 2015.

konferenci a rezervace ubytovani byla spusténa elektronicky
na webovych strankédch 15. 11. 2015, autorim bylo ozndmeno
prijeti prispévku na konci listopadu, do konce roku bude také
rozeslano druhé ozndmenti.

doc. Ing. MATOUS HILAR, PhD., hilar@3-g.cz, doc. Ing. MATOUS HILAR, PhD., hilar@3-g.cz,
Predseda vedecké rady konference PS 2016 Chairman of the UCP 2016 Scientific Council
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