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Vazené ¢tenarky, vaZeni Ctenari,

s prvnim leto§nim &islem naseho Easopisu se k vam dostava vytisk svym zptisobem jubilejni. Casopis TUNEL, jedna
z vyznamnych a trvalych aktivit Ceské tuneldiské asociace a Slovenskej tuneldrskej asocidcie ITA-AITES mé vyro¢i
— &islem 1/2016 se otvird 25. ro¢nik jeho vydavani. TUNEL poprvé spatfil svétlo svéta v prvnim Etvrtleti roku 1992
jako zpravodaj Ceskoslovenského tuneldrského komitétu ITA-AITES, s podtitulem ,, Podzemni stavby (v¥voj, vyzkum,
projektovdni, realizace)“. Bezprostredné navazoval na svého dspé§ného predchidce, kterym byl zpravodaj &s. tune-
lafského komitétu METRO.

Téméf sto dosud vydanych ¢isel TUNELU ¢&tendium poskytlo z oblasti podzemniho stavitelstvi obrovské mnoZstvi
odbornych informaci z nasich zemi i ze zahrani¢i. Jako predseda stévajici redakéni rady si dovoluji vyslovit upfimny
dik vSem minulym i sou¢asnym prispévatelim, ¢lenim redakéni rady i technickym pracovnikum za jejich obétavy pii-
nos k vysoké odborné-edukacni i formdlni kvalitt TUNELU, kterd nepochybné zvysila mezindrodni povédomost
o velmi dobré trovni podzemniho stavitelstvi v Ceské a Slovenské republice.

Béhem své dvacetipétileté existence prodélal TUNEL fadu vesmés pozitivnich zmén formdlnich, organiza¢nich i persondlnich. Zdjemctim
o jejich podrobny vycet doporucuji ¢ldnek uvnitt tohoto jubilejniho &isla od autort nejlépe obezndmenych s historii vyddvdani TUNELU —
Ing. Karla Matznera, Ing. Miloslava Novotného a Ing. Markéty Pruskové, Ph.D.

Svoje &tvrtletni mini vyroéi prozil 19. 12. 2015 i Tunelovy komplex Blanka a nutno konstatovat, 7e velmi dustojné. Jeho oekdvané prinosy
jsou evidentné patrné v kvalit¢ dopravy v rozsdhlé a diive kritické oblasti HoleSovic a Letné. Stdvajici zvyraznéni dlouhodobych problému
v oblasti dejvického Vitézného ndmésti jde na vrub jiz dfive realizovaného a nevyhovujiciho dopravniho feSeni (v&etné prechodu pro chodce).
Zvyseni intenzit a sniZen{ kvality dopravy na navazujicich jiznich, zdpadnich a severnich hlavnich komunikacich jednoznacné a logicky souvis{
s nevyhnutelnou etapovitosti vystavby prazského radidlné-okruzniho dopravniho systému. Jeho pokratovani a dokonéeni zdvisi na politickych
rozhodnutich. Pred par mésici jeden z prili§ mladych politiku dal$i pokracovéni vystavby kategoricky odmitl, nastésti neuspél ani s ndpadem, ani
osobné v zastdvané funkei. Soucasny trend odpovédnych politiku je naopak vstiicny a pevné véiim, Ze zustane zachovan. Nicméné o terminu
dokonceni celého radidlné-okruzniho dopravniho systému v Praze se neodvaZuji spekulovat. To, co je do dne$nich dnu hotovo, ndm trvalo asi Gty-
ficet let, ambici6zni predstava z roku 1974 predpoklddala dokonceni celého systému beéhem dvaceti let.

vvvvv

zkum (tunel PreSov a tunel Radlice), geotechnicky monitoring (tunel Povazsky Chlmec a mikrotunelovéni v Krélovské zahradé Prazského hradu),
sana&ni price (krasové jevy v tunelu Turecky Vrch). Sesty ¢ldnek je odbornd reminiscence na méfeni primarni napjatosti horninového masivu pii
prvnim podchodu Vltavy tunelem metra v roce 1973, sedmy ¢lanek obohacuje toto ¢islo teorif plastického posouzeni ocelové vyztuze Sachet podle
Eurokddu 3. Osobni preference nepochybné usnadni vybeér z této diverzifikované nabidky. Jen doufdm, milé ¢tendrky a vdzeni ¢tendri, Ze vam nevi-

LI

dand trapnost soucasné ,,éesko-libanonské story* nevzala chut’ ¢ist cokoliv. TUNEL za nic nemuZe, zachovejte mu, prosim, svoji pfizen i nadéle.

Srdecné zdravi Jiri Bartdk, predseda redakéni rady

Dear readers,

the first this year’s TUNEL journal issue which has arrived in your hand is in a way jubilee. The journal, one of the important and permanent
activities of the ITA-AITES Czech Tunnelling Association and the Slovak Tunnelling Association, celebrates an anniversary — it starts the 25t year
of publishing by the issue No. 1/2016. TUNEL saw the light for the first time in the first quarter of 1992 as the newsletter of the Czechoslovak
Tunnelling Association, with the sub-title ,, Underground structures (development, research, design, realisation). It directly continued with publis-
hing its successful predecessor, METRO newsletter of the ITA-AITES Czechoslovak Tunnelling Committee.

The nearly one hundred TUNEL journal issues published till now have provided readers with immense amount of technical information from the
field of the underground construction engineering, from our countries as well as from abroad. In the position of the chairman of the current Editorial
Board, I would like to express sincere thanks to all past and current authors of papers, members of the Editorial Board and technicians for their self-
less contribution to the high technically educational and even formal quality of TUNEL, which has undoubtedly increased the international aware-
ness of the very good level of underground construction engineering in the Czech and Slovak Republics.

During the twenty five years of its existence, TUNEL underwent many positive formal, organisational and personal changes. I am recommen-
ding to the readers interested in a detailed list reading the paper contained in this jubilee issue, prepared by the authors best acquainted with the his-
tory of TUNEL publication - Ing. Karel Matzner, Ing. Miloslav Novotny and Ing. Markéta Pruskové, Ph.D.

The Blanka complex of tunnels celebrated its first quarterly mini-anniversary on 19/12/2015 and it is possible to state that it was with great digni-
ty. Its awaited benefits are evident in the quality of transportation in the extensive and formerly critical area of HoleSovice and Letnd. The current
accentuation of long-term problems in the area of Vitézné Namésti Square/ Circle in Dejvice are attributable to the previously realised and inconve-
nient traffic solution (including pedestrian crossings). The increase in the traffic flow density and deterioration of traffic quality on the connecting
southern, western and northern major roads is unambiguously and logically associated with the unavoidable division of the development of the Prague
radial-circular traffic system into stages. Its continuation and completion depends on political decisions. Several months ago, one of too young poli-
ticians categorically refused the continuation of the project development. Fortunately, he did not succeed, neither with the idea nor personally in his
position. On the contrary, the current trend among responsible politicians is accommodating and I firmly believe that it will remain preserved.
Nevertheless, I do not dare speculate about the completion deadline for the entire radial-circular traffic system in Prague. The work which has been
completed until today took forty years, whilst the ambitious idea from 1974 assumed that the entire system would be completed within twenty years.

Five papers published in this TUNEL issue bring current and interesting information from various underground construction sites, with the focus
on geotechnical investigation (the Povazsky Chlmec tunnel and microtunnelling under Kralovskd Zahrada Garden of Prague Castle) and the treat-
ment of karst phenomena at the Turecky Vrch tunnel. The sixth paper is a professional reminiscence of measuring primary stress in rock mass during
the work on the first passage of metro tunnel under the Vltava River in 1973. The seventh paper enriches this TUNEL issue by the theory of plas-
tic assessment of steel reinforcement (support) according to Eurocode 3. Personal preferences will undoubtedly facilitate the selection from this
diversified offer. I only hope, dear readers, that the unbelievable awkwardness of the current Czech-Lebanese story has not deprived you of your
desire for reading. TUNEL journal is not responsible, kindly preserve your favour for it even in the future.

Cordial greetings from Jiri Bartdk, the Chairman of the Editorial Board
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

je to ma prvnf prilezitost napsat kratky dvodnik do
Casopisu Tunel, a to hned do prvniho ¢isla roku 2016.
Pro nasi divizi Geotechnika, kterd je vyznamnou sou-
¢asti spolecnosti ARCADIS CZ as., je tento rok
vyznamny minimdlné ze dvou duvoda.

Nase divize Geotechnika oslavuje v roce 2016 jiz
90 let svého pusobeni, nejprve na ¢eskoslovenském
a nyni na ¢eském i slovenském trhu. Nase spole¢nost
byla nejdfive zndma jako Stavebni geologie s. p., posléze jako
Stavebni geologie — Geotechnika a. s., ndsledné jako ARCADIS
Geotechnika a. s. a v soucasné dobe¢ jako ARCADIS CZ a.s. divize
Geotechnika.

V roce 2016 se také kond jeden z velkych svétku tunelové
obce, a to 13. ro¢nik mezindrodni konference Podzemni stavby
Praha 2016, ktery je porddan pod zastitou Ceské tunelafské aso-
ciace ITA-AITES. Vyznam této konference podtrhne i to, Ze se
soubézné v jejim ramci uskuteéni i 3. roénik Vychodoevropské
tuneldrské konference (EETC 2016).

V nasem oboru, ktery zahrnuje soubéh geologie, geotechni-
ky, pozemniho a podzemniho stavitelstvi, je sdileni informaci
nejdulezitéjsim prostiedkem k odbornému rustu. Proto si mys-
lim, Ze podpora setkdvani odbornikt na pudé napriiklad konfe-
renci je prostiedkem k odbornému rustu jednotliveu a jejich
prostiednictvim i firem. Pro profesni rast je tfeba na téchto set-
kanich prezentovat nejen dspéchy, ale i netdspéchy. Nebot jen
poucenim z chyb, které se staly a které je potfeba na odborném
foru prezentovat a rozebrat, dochdzi k ristu nageho oboru. Také
je prinosné se zamyslet nad tim, jak jsou feSeny tkoly
a problémy podzemnich staveb v jinych zemich a otevrit nasi
mysl novym myS$lenkdm a postupum. Vim, Ze je to obtiZné,
a i kdyZ odbornd vefejnost nové myslenky a postupy pfijme, je
velice dulezité presvédCit o jejich sprdvnosti a uZite¢nosti
i vefejné investory.

Nase divize Geotechnika, spolu s nasi dcefinou spolecnosti
Geofos s. r. 0., je v soucasné dobé pfitomna na vétSiné vyznam-
nych podzemnich staveb v Ceské a Slovenské republice. At se
jednd o Radlickou radidlu a Teplicky tunel, dobéh metra V.A
v Ceské republice, tak o tunely Polana a Svréinovec na D3, tune-
ly Zilina a Ovéiarsko na D1 a tunel Povazsky Chlmec na D3 ve
Slovenské republice. Na vSech téchto stavbach se snaZime naSim
partnerim prinést co nejvétsi pridanou hodnotu prostfednictvim
naSich sluzeb a zdroven jim poskytnout komfort a znalosti jedné
z nejvetsich konzultaénich spolenosti ve stredni Evropé.

Doufdam, Ze v roce 2016 budeme mit moZnost prokazat, zZe
Ceské podzemni stavitelstvi je na vysoké trovni a je schopno
resit i ty nejslozitéjsi ukoly tohoto oboru. Pfejme si také, aby
Cesky stdt, ktery je nejvétsim investor velkych infrastrukturnich
staveb na naSem tzemi, nenechal v tomto roce ani v letech pris-
tich nd§ oboru zahynout a my nebyli nuceni uplatinovat své kapa-
city pouze v okolnich evropskych stdtech.

S hornickym Zdaf Buh vdm v8em pfeji vie nejlepsi a mnoho
dspécht v roce 2016.

Pl
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DEAR COLLEAGUES, TUNEL JOURNAL READERS,

this is the first opportunity for me to write a short lea-
der to TUNEL journal, just to the first issue of 2016.
For our Division Geotechnika, which is an important
part of ARCADIS CZ a.s., this year is important for two
reasons as a minimum.

Our Division Geotechnika will celebrate this year
already 90 years of its operations on the Czechoslovak
market and now even the Czech and Slovak markets.
Our company was initially known as Stavebni geologie
S. p., then as Stavebni geologie — Geotechnika a. s., and, currently, it
is known as Division Geotechnika of ARCADIS CZ as.

In addition, one of the great feasts of the tunnelling community, the
13th international conference Underground Construction Prague
2016, which is organised under the auspices of the ITA-AITES Czech
Tunnelling Association, will be held in 2016. The importance of this
conference will be emphasised also by the fact that the 3rd biennial
Eastern European Tunnelling Conference (the EETC 2016) will be
held jointly within the framework of the UC 2016 conference.

In our branch, comprising the concurrence of geology, geotech-
nics, underground construction and building, sharing information is
the most important means of professional growth. For that reason
I think that support for meetings of professionals on the grounds of,
for example, conferences is means for professional growth of indi-
viduals and, through them, even of companies. It is necessary for the
professional growth to present not only achievements but also failu-
res at these meetings. It is so because of the fact that the growth in
our industry is possible only tghrough learning lessons from the mis-
takes which were made and which must be presented and analysed
at professional forums. Another beneficial thing is to think about the
ways in which tasks and problems of underground construction are
solved in other countries and to open our minds to new ideas and
procedures. I know that it is difficult and, even if the professional
public accepts the new ideas and procedures, it is still very important
to persuade even public project owners about the correctness and uti-
lity of them.

Our Division Geotechnika, together with Geofos s. r. 0., our
daughter company, is currently present at the majority of important
underground construction projects in the Czech and Slovak
Republics. No matter whether it is the Radlice radial road, the
Teplice tunnel, the completion of the metro extension V.A in the
Czech Republic or the Polana and Svr¢inovec tunnels on the D3, the
Zilina and Ovéiarisko tunnels on the D1 and the Povazsky Chlmec
tunnel on the D3 in the Slovak Republic. We strive to provide the
highest possible added value to our partners at all these projects
through our services and, at the same time, to provide them with
comfort and knowledge of one of the largest consultancy firms in
Central Europe.

I believe that we will have the opportunity in 2016 to prove that
the Czech underground construction industry is at a high level and is
capable of solving even the most complicated tasks of this industri-
al branch. Let us even wish that the Czech state, which is the largest
investor and client at large infrastructural projects in the Czech
Republic, will not let our industrial branch perish in the years to
come so that we will not have to apply our capacities solely in sur-
rounding European countries.

Greeting you with the mining God Speed You,
I wish you all the best and much success in 2016.

MGR. LUCIE BOHATKOVA

Feditelka Divize Geotechnika, ARCADIS CZ a.s
Director of Division Geotechnika, ARCADIS CZ a.s.




25. rocnik - €. 1/2016

VAZENI CTENARI CASOPISU TUNEL,
KOLEGYNE A KOLEGOVE,

je mi cti, Ze mdm po peti letech opét moZnost poz-
dravit jménem spolecnosti PUDIS a.s. Ctendfskou
obec casopisu Tunel. V letoSnim roce oslavi nase spo-
le¢nost 50 let od zaloZeni v roce 1966. Je to jubileum
vyznamné, a tak jako stejné jubileum v Zivote lidském
je vhodné jej dustojné a vyznamné oslavit. Stejné jako
lidé, tak i firmy prochédzeji sloZitéj§imi Zivotnimi
obdobimi, prichdzeji nemoci, kterym se neni mozno
branit, protoZe nejsou zddné vyzkousené a doporucené medika-
menty. Prevence nepomohla, i kdyZ se na ni dbalo. Asi nejsme
sami, kdo si takovym obdobim v neddvné minulosti proSel. Jsem
rdd, Ze mohu dnes vyjadrit presvédeni, Ze nemoc odeznéla a nyni
nastdvd obdobi dspésné rekonvalescence. Optimismus vyjadruji
predevsim proto, ze PUDIS se vzdy zabyval nejen podzemnimi
stavbami, ale také méstskym inZenyrstvim a extravildnovymi sil-
ni¢nimi stavbami, a doufdme, Ze to tak bude moci byt
i v budoucnu. V té€chto segmentech totiz prichdzi znatelné oZive-
ni trhu, poptdvka je ndsobné vyssi nez pred pér lety a honorare
jsou také dustojnéjsi. Pfejme si proto, aby tento trend setrval &i
aby se tendence alespon neobritila opaénym smérem.

Vratim se k nasemu leto§nimu jubileu. Dovolte mi v té souvis-
losti dvahu, co vlastné takové jubileum fakticky znamend.
V naem pripadé je to podle mého ndzoru predev§im zdvazek
k historii. Tradice, kterou PUDIS a.s. na trhu ma, je velmi silnou
motivaci pro budoucnost. Obtizné se vSak navazuje na cokoliv
jiného, ¢im se PUDIS v minulosti zabyval, protoZe napriklad tech-
nologie, software, pristupy, legislativa i ndroky objednatela se
rychle a ¢asto méni, Cemu? je potfeba se ihned prfizpusobit, a tedy
ménit zabéhlé zvyklosti.

PUDIS a.s. v predlonském roce zménil majitele, coZ bylo
impulzem k inovacim. Zménili jsme organiza¢ni strukturu, pfi-
¢emz dostali prostor mladsi kolegové, a to jak ve vysSim, tak
sttednim managementu. S oZivenim trhu pri§lo i pomérné hodné
price, proto se také zvysil tlak na efektivitu vyroby. Pro dspéch
i dobré vnimani na trhu je nezbytné vcasné a kvalitni dokonceni{
zakazek, a to klade zna¢né naroky na vSechny jedince zapojené na
zakdzce a jejich pristup k prdci. Bez snahy o vzdjemnou empatii
a vstiicnost je pak jakdkoliv priace o mnoho sloZitéjsi, Casto
i zbyte¢né deprimujici. Proto spolenosti PUDIS a.s. k jubileu
touto cestou preji, aby tyto vlastnosti patfily jak vem kolegiim
uvnitf, tak i partnerum vné firmy.

Motivaci pro dobfe odvedenou praci muze byt také pifjemné
a lidské pracovni prostfedi, anebo price na vyznamnych zakdz-
kdch, pfi jejichZ realizaci pak projektant &i jinak zainteresovany
odbornik nepochybné musi mit dobry pocit z odvedené prace.
Proto jsme rddi, Ze muZeme pfijimat vyzvy v podobé projektu
prazské Radlické radidly, prelozky silnice I/12 (prodlouzené Stér-
boholské radidly), opravy Hlavkova mostu v Praze, novostavby
useku ddlnice R35 nebo realiza¢nich dokumentaci nékolika dél-
ni¢nich staveb, ¢i mnoha mensich, ale neméné vyznamnych mést-
skych investic. V§em zdkaznikim za tuto moZnost dékujeme.

Zaveérem nezbyvd nez poprat viem dobrou kon-
dici, hodné nezbytného zdravi a pracovnich
i osobnich dspéchu.

Na zdravi!

TuHel

DEAR TUNEL JOURNAL READERS
AND COLLEAGUES,

I am honoured that after five years I have again the
opportunity to greet the readers of TUNEL journal on
behalf of PUDIS a.s. Our company will celebrate the 50th
anniversary of its foundation in 1966. It is a significant
anniversary and, as in the human life, it is worthwhile to
celebrate it seriously and with dignity. Just as people, the
companies also pass through more complicated periods of
life; diseases come which cannot be resisted because there
are no tried and recommended medicaments available. Prevention did
not help despite the fact that it was cared for. Probably we are not alone
who have recently passed through such a period. I am happy that I can
today express my persuasion that the disease has passed away and the
period of successful recovery has begun. I express my optimism first of
all with respect to the fact that PUDIS has always been involved not only
in underground construction but also in urban engineering and rural road
construction projects and we hope that it might be the same even in the
future. It is so because of the fact that they are the segments where con-
siderable market recovery starts to appear, the demand is multiply hig-
her than several years ago and honorariums are also more dignified. Let
us therefore wish that this trend persists or, at least, the tendency does
not turn into the opposite direction.

I will return to this year’s anniversary of our company. Allow me in this
context contemplation what such an anniversary actually means. In our
case it is, in my opinion, first of all commitment to history. The tradition
PUDIS a.s. has on the market is a very strong motivation for the future.
But it is difficult to build on anything else PUDIS was engaged in befo-
re because, for example, technologies, software, approaches, legislation
and requirements of clients quickly and frequently vary and it is necessa-
ry to conform to it, which means to change established customs.

In the year before, PUDIS a.s. changed its owner, which gave an
impulse to innovations. We changed the organisational structure, where
younger colleagues from the higher as well as medium management
levels got space. Relatively much work appeared with the market reco-
very and, as a result, the pressure on production effectiveness got incre-
ased. It is necessary for success and positive perception on the market to
complete contracts on time and at high quality level. It puts high
demands on all individuals participating in the contract and their appro-
ach to the work. Without efforts for mutual empathy and helpfulness,
any work is much more complicated, often even unnecessarily dishear-
tening. For that reason I wish PUDIS a.s. on the occasion of the anni-
versary that these properties belong both to all colleagues inside the
company and also to external partners.

The motivation for well performed work can be enhanced by pleasant
and human working environment or working on important contracts
where the designer or a professional involved in another way must
undoubtedly have a good sense of accomplishment. For that reason we are
glad that we can accept the challenges in the form of the design for the
Radlice radial road, the diversion of the 1/12 road (the gtérboholy radial
road extension), the repair to the bridge of Hlavka in Prague, the con-
struction of a new section of the R35 express highway or detailed designs
for several motorway structures or many smaller but not less important
urban investment projects. We thank all customers for this opportunity.

To conclude, nothing else remains than to wish all of you good con-
dition, great health and working as well as personal
success.

DC‘ T'Ht\ \P\-Tvﬁ[(/w Cheers!

ING. MARTIN HOFLER

Feditel a predseda predstavenstva, PUDIS a.s.
Director and Chairman of the Board of Directors, PUDIS a.s.
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TUNEL PRESOV - INTERPRETACIA VYSLEDKOV
INZINIERSKOGEOLOGICKEHO PRIESKUMU

PRESOV TUNNEL - INTERPRETATION OF RESULTS
OF ENGINEERING GEOLOGICAL EXPLORATION

MICHAL KUBIS, JOZEF MAJERCAK, JANA COPLAKOVA, ANNA GRENCIKOVA

ABSTRAKT

Podrobnd etapa inZinierskogeologického a hydrogeologického prieskumu tiseku dialnice D1 PreSov zdpad — PreSov juh zhodnotila
inZinierskogeologické, geotechnické a hydrogeologické pomery v trase tunela Presov. Sicastou prieskumu bolo aj posidenie
stability portdlovych tisekov, rozélenenie a charakteristika horninového masivu tunelovych rir. V trase severnej a juZnej tunelovej
riry boli vyclenené geotechnické uiseky a ndsledne kvdzihomogénne bloky, v ktorych bola hodnotend kvalita horninového masivu
(ROD, RMR, OTS).

ABSTRACT

The detailed stage of the engineering geological and hydrogeological exploration of the Presov West — Presov East section of the D1
motorway assessed the engineering geological, geotechnical and hydrogeological conditions on the PreSov tunnel route. The assess-
ment of the stability of portal section and, the division and characteristics of ground mass to be passed through by the tunnel tubes was
also part of the survey. Geotechnical sections and, subsequently, quasihomogeneous blocks in which the rock mass quality (ROQD, RMR

and QTS) was to be assessed, were earmarked on the alignment of both the northern and southern tunnel tube.

ovoD

Projektovany tunel PreSov je sicastou navrhovanej trasy dia-
Inice D1 PreSov zdpad — PreSov juh v km 100,348-102,620
v masive od doliny Za Kalvariou, po vyustenie do udolia rieky
Torysa. Projekéne st navrhnuté dve tunelové riry, severnd
a juzna (obr. 1). Celkova dizka severnej tunelovej riry je
2230.,5 m pricom razend Cast’je 2165,5 m a dizka juZnej tune-
lovej rdry je 2244 m, priCom razena Cast predstavuje 2187 m.
Tunel je zaradeny do kategérie 2T 7,5/100 s pozdiinym sklo-
nom tunelovych rir 2,8 %, klesajicim do ddolia rieky Torysa.
Tunelové rury su vedené v osovej vzdialenosti 40 m, v mieste
portdlovych objektov asi 25 m. Razenie tunela je navrhnuté
metddou NRTM - cyklické razenie, razenie podla vystrojova-
cich tried s delenou ¢elbou. Vyrub tunela sa bude horizontdlne
delit' na kalotu, stupen, dno, resp. spodnt klenbu.

V obdobi august 2012 az janudr 2013 bola realizovana spo-
lo¢nostou Geofos, s.r.o. Zilina podrobnd etapa inZinierskogeo-
logického a hydrogeologického prieskumu trasy dialnice D1
Presov zdpad — Presov juh, ktorého stcastou je aj projektova-
ny tunel PreSov.

PRIRODNE A GEOLOGICKE POMERY

V zmysle regiondlneho geomorfologického clenenia
Slovenska je tzemie dialnice D1 PreSov zdpad — PreSov juh
sicastou PodhoIno- magurskej oblasti, celku Spissko- Sarigské
medzihorie a celku Sari§skej vrchoviny. Uzemie sa vyznatuje
erézno-denudacnym typom reliéfu. Od toku rieky Torysy uze-
mie zaClenujeme do oblasti Lufenecko-koSickej zniZeniny,
celku Kosickej kotliny.

Na geologickej stavbe uzemia projektovaného tunela sa
vyskytuji flySové paleogénne horniny, ktoré si na povrchu
prekryté kvartérnymi sedimentmi. Podrobnym inZinierskogeo-
logickym prieskumom trasy tunela bol overeny deluvidlny
komplex, zosuvné deldivium s blokovymi deformaciami
v oblasti vychodného portdlu a podlozné paleogénne, flySové
komplexy zubereckého suvrstvia, s charakteristickym strieda-
nim sa flovcovo-pieskovcovych vrstiev. Vplyvom vertikdlnych

INTRODUCTION

The Presov tunnel being designed is part of the PreSov West
— PreSov East section of the DI motorway under design. It is
located at the motorway chainage km 100.348 — 102.620, in the
massif starting from Za Kalvdriou valley up to the exit to the
Torysa river valley. The design proposes two tunnel tubes, the
northern and southern one (see Fig. 1). The total length of the
northern tunnel tube amounts to 2230.5m, with the mined part
2165.5m long; the length of the southern tunnel tube is 2244m,
with the mined part 2187m long. The tunnel is categorised as
2T 7.5/100 with the longitudinal gradient of tunnel tubes des-
cending at 2.8% to the Torysa river valley. The distance betwe-
en the centres of the tunnel tubes is 40m or, at the portal struc-
tures, approximately 25m. The NATM cyclical excavation met-
hod is designed for the excavation, according to excavation
support classes, with the face excavation divided horizontally
into sequences — top heading, bench, bottom and invert, res-
pectively.

The detailed stage of engineering geological and hydrogeolo-
gical exploration of the PreSov West — PreSov East section of
the D1 motorway, part of which is the PreSov tunnel, during
August 2012 to January 2013.

NATURAL AND GEOLOGICAL CONDITIONS

In terms of the regional geomorphological division of
Slovakia, the area of the PreSov West — PreSov East section of
the D1 motorway is part of the Podhale-Magura area, the Spis-
Sari§ intermountain basin unit and the Sari§ Highland unit. The
area is characterised by erosion-denudation relief type. From the
Torysy river on, the area is incorporated into the area of the
Lucenec-KoSice Lowland, which is part of the KoSice Basin.

Flysh-type evolution Palaeogene rock types overlaid by
Quaternary sediments are present in the geological structure of the
area of the tunnel being designed. The detailed engineering geo-
logical exploration of the tunnel area verified an open deluvial
complex, landslide deluvium with block deformations in the area
of the eastern portal and underlying Palacogene, flysh-type evo-
lution complexes of the Zuberec Formation with characteristic
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Obr. 1 Prehludnd situdcia navrhovaného tunela PreSov, s vyznacenim porcie
prieskumnych inZinierskogeologickych vrtoy

Fig. 1 General layout of the Presov tunnel being designed, with the portion
of engineering geological exploration boreholes

a horizontdlnych pohybov jednotlivych blokov hornin pozdii
zlomov sa do trovne tunela dostali sdvrstvia s rdznym zastu-
penim ilovcov a pieskovcov, o poukazuje na vyraznd hetero-
genitu horninového prostredia. Horninovy masiv je poruSeny
viacerymi zlomovymi systémami s orientdciou SV-JZ, S-J
a SSZ-JJV. Sklon zlomov sa pohybuje v rozsahu 60-85°.
Zuberecké suvrstvie v predmetnom tzemi nie je uloZené hori-
zontdlne, ale je generdlne uklonené k SV. Velkost sklonu ploch
vrstevnatosti sa pohybuje v rozsahu 10-35°.

METODIKA RIESENIA PODROBNEHO
INZINIERSKOGEOLOGICKEHO PRIESKUMU

InzZinierskogeologické, geotechnické a hydrogeologické
pomery tunela boli preskimané zvislymi jadrovymi IG vrtmi
(11 vrtov; celkové dlzka 887 m) a horizontdlnym jadrovym IG
vrtom (1 vrt; celkova dizka 150 m) v trase tunelovych rur,
kopanymi sondami (3 sondy; 14 m), monitorovacimi hydroge-
ologickymi a inklinometrickymi vrtmi (10 vrtov; celkovd
dizka 246 m) v mieste portdlov, karotaZnymi meraniami vo
vrtoch, geofyzikdlnymi meraniami v profiloch (metéda multi-
elektrodového merania zdanlivych elektrickych odporov)
a laboratérnymi skidSkami mechaniky zemin a hornin
(Grencikovd et al., 2012). Vrtné price boli realizované vrtnou
supravou Hanjin D&B 10D, metédou wire-line dvojitou, resp.
trojitou jadrovkou (obr. 2). Tdto metdda zabezpecila kvalitny
vynos vrtného jadra aj v tektonicky poruSenych tsekoch.

Vysledky podrobného inZinierskogeologického prieskumu
boli spracované v pozdiinych inZinierskogeologickych rezoch
pre juznu a severnu tunelovu riru (obr. 3). Portdlové useky boli
spracované v samostatnych pozdiinych a prie¢nych profiloch.

Pre ucely komplexného hodnotenia inzinierskogeologickych
a geotechnickych pomerov v trase tunela PreSov bol horninovy

alternation of claystone-sandstone beds. Strata with various pro-
portion of claystone and sandstone got to the tunnel level as
a result of vertical and horizontal movements of individual rock
blocks along faults. This fact indicates the significant heteroge-
neity of the rock environment. The rock mass is disturbed by
numerous NE-SW, N-S and NNW-SSE trending fault systems.
The dip of the faults varies from 60°to 85°. The Zuberec
Formation beds are not deposited horizontally in the area of ope-
rations. They generally dip toward NE. The magnitude of the dip
of bedding planes varies from 10° to 35°.

METHODOLOGY OF THE SOLUTION TO THE DETAILED
ENGINEERING GEOLOGICAL SURVEY

Engineering geological, geotechnical and hydrogeological
conditions were surveyed by vertical cored EG boreholes (11
boreholes; total length of 887m) and horizontal cored EG bore-
holes (1 borehole 150m long) on the alignment of the tunnel
tubes, trial pits (3 pits; 14m), monitoring hydrogeological and
inclinometer boreholes (10 boreholes; total length of 246m) in
the locations of portals, borehole survey, geophysical measure-
ments in profiles (the multielectrode method of measuring
apparent electric resistance) and soil and rock mechanics labo-
ratory testing (Grenc¢ikovd et al., 2012). The drilling operations
were realised using Hanjin D&B 10D drill rig using the wire-
line method with a double- and triple-tube corebarels (see Fig.
2). This method provided good quality retrieval of drilling core
even in tectonically faulted sections.

The results of the detailed engineering geological survey
were processed in longitudinal engineering geological sections

R
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Obr. 2 Vitanie zvislého jadrového inZinierskogeologického vrtu T-1
Fig. 2 Carrying out the vertical engineering geological cored borehole T-1
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orientacne zodpovedajtica technologicka

NATM excavation support class

trieda NRTM — approximately corresponding 4 4 3

Obr. 3 ZjednodusSeny pozdiiny inZinierskogeologicky rez juznou tunelovou riirou s vyznacenymi kvdzihomogénnymi blokmi
Fig. 3 Simplified longitudinal engineering geological section through the southern tunnel tube with quasihomogeneous blocks marked in

masiv na zdklade vysledkov z inZinierskogeologického pries-
kumu roz¢leneny na bloky a tseky s rovnakymi vlastnostami:
1. litologické typy v zmysle zdkladného geologického Clenenia;
2. inZinierskogeologické a geotechnické typy (IG, GT typ)
hornin z hladiska Specifikacie geotechnickych vlastnosti;
3. kvdzihomogénne bloky;
4. geotechnické dseky.

HODNOTENIE INZINIERSKOGEOLOGICKYCH,
GEOTECHNICKYCH A HYDROGEOLOGICKYCH POMEROV

Horninovy masiv bol podTla zastipenia IG a GT typov, tek-
tonickych a hydrogeologickych pomerov roz¢leneny do kva-
zihomogénnych blokov. Bloky charakterizuji prevladajice
geotechnické podmienky razenia vyjadrené priradenymi
technologickymi triedami v zmysle NRTM. Pre severnu
tunelovd rdru (STR) bolo v celej dlzke vycClenenych 27
zékladnych blokov a pre juZznd tunelovd rdru (JTR) bolo
vyclenenych 25 kvazihomogénnych blokov (obr. 3). Hranice
medzi blokmi tvoria strmé tektonické zlomy, ktoré boli iden-
tifikované geofyzikdlnym prieskumom. Jednotlivé bloky
horninového masivu boli hodnotené podla horninovej klasi-
fikacie Bieniawskeho (1989). Triedy hornin RMC boli zosta-
vené podla ratingového bodového ohodnotenia RMR,
zohladnujiceho pevnost hornin v prostom tlaku o, indexu
kvality hornin RQD, vzdialenost’a charakter diskontinuit, vplyv
podzemnej vody a smer a tklon diskontinuit, hlavne vrstevna-
tosti k osi a smeru razenia. Pre redlne zohladnenie posledného

for the southern and northern tunnel tubes (see Fig. 3). The por-
tal sections were processed in separate longitudinal sections
and cross-sections.

The rock mass was divided on the basis of the results of engine-
ering geological exploration for the purpose of the comprehensive
assessment of engineering geological and geotechnical conditions
along the PreSov tunnel alignment divided into blocks and sections
with identical properties as follows:

1. lithological types in the meaning of the basic geological

division;

2. engineering geological and geotechnical types (EG, GT
type) of rock from the aspect of the specification of geo-
technical properties;

3. quasihomogeneous blocks;

4. geotechnical sections.

ASSESSMENT OF ENGINEERING GEOLOGICAL,
GEOTECHNICAL AND HYDROGEOLOGICAL CONDITIONS

The rock mass was divided according to the proportions of
EG and GT types and tectonic and hydrogeological conditions
divided into quasihomogeneous blocks. The blocks are cha-
racterised by prevailing geotechnical excavation conditions
expressed by the NATM excavation support classes assigned
to them. Regarding the northern tunnel tube (NTT), 27 basic
blocks were earmarked within the overall length, whilst 25
quasi homogeneous blocks were earmarked for the southern
tunnel tube (STT) (see Fig. 3). The borders between the
blocks are formed by steep tectonic faults which were identi-
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Explanations: 1 - deluvium claystone and stony-clayey debris;
2 —landslide deluvium and block deformations;

Kvalita horninového prostredia / Rock environment quality RMR (Bieniawski 1989)
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vplyvového faktora v ratingovom hodnoteni bolo potrebné naj-
skor poznat, z ktorej strany sa bude tunel razit. V pripade tune-
la PreSov sa predpokladd smer razenia dovrchne od vychodné-
ho portalu a dpadne od zdpadného portalu. Popri RMR klasifi-
kécii bola aplikovana klasifikdcia skalnych a poloskalnych hor-
nin pre podzemné stavby QTS (Tesar, 1989), s orientacnym
vyjadrenim technologickych tried NRTM.

V masive tunela PreSov bolo celkom vyc¢lenenych 6 typov
geotechnickych tdsekov. Pri rozcleneni boli zohladnené
zastipenie predpokladanych IG a GT typov, najmi zo skupi-
ny nepriaznivych, so zohladnenim geotechnickych vlastnos-
ti s interpretdciou moznosti vyskytu nepriaznivych geotech-
nickych pomerov.

Deluvialne sedimenty (geotechnicky tsek 1) boli zistené
v oblasti zdpadného portdlu. Maju charakter piescitych ilov
(F4/CS), pevnej konzistencie, ale najmd kamenito-ilovitych
suti (G5/GC). V priestore zapadného portdlu je hribka kvar-
térnych sedimentov 1,2 a7z 4,5 m.

Zosuvné delivium bolo zistené v oblasti vychodného por-
tdlu tunela PreSov. Jeho hribka sa pohybuje v rozsahu od 4
do 8 m. Zosuvné delivium je zastipené piescCitym {lom
(F4/CS) a ilom so strednou az vysokou plasticitou (F6-
F8/CI-CH), tuho-pevnej aZ pevnej konzistencie a kamenito-
flovitymi (F2/CG) az ilovito-kamenitymi sutami (G5/GC),
s polohami blokov poruSenych ilovcov a pieskovcov. Hriibka
zosunutych blokov paleogénnych hornin sa pohybuje
v rozsahu od 3 do 10 m.

ilovcovo-pieskovcové vrstvy, s prevahou ilovcov nad
pieskovcami (geotechnicky tusek 2), vystupuji najmé

fied by the geophysical survey. Individual rock mass blocks
were assessed according to the rating system introduced by
Bienawski (1989). The RMC rock classes were determined
according to the RMR rockmass rating taking into considera-
tion the unconfined compression rock strength o, the RQD
rock quality designation, the spacing and character of discon-
tinuities, the effect of groundwater and the trend and dip of
discontinuities, first of all bedding planes relative to the direc-
tion of the tunnel excavation. It was first of all necessary for
realistic assessing the last influence factor in the rating system
to determine the direction from which side the tunnel will be
driven. In the case of the PreSov tunnel, it is assumed that the
tunnel will be driven inclined upwards from the eastern portal
and on a down gradient from the western portal. In the case of
the RMR classification, the QTS classification system (Tesar,
1989) for hard rock and semi-rock for underground structures
was applied, with indicative expression of NATM excavation
support classes.

The total of 6 types of geotechnical sections were earmar-
ked for the PreSov tunnel massif. The proportion of the assu-
med EG and GT types was taken into consideration during the
work on the division, first of all from the group of unfavou-
rable ones, with geotechnical properties taken into account
using the interpretation of the possibility of the occurrence of
unfavourable geotechnical conditions.

Deluvial sediments (geotechnical section 1) were identifi-
ed in the area of the western portal. They have the character
of sandy clay (F4/CS) with firm consistency, but mainly of
stony-clayey debris (G5/GC). The thickness of the Quaternary
sediments in the area of the western portal is 1.2 to 4.5m.
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v oblasti zdpadného portdlu, v kvdzihomogénnom bloku Landslide deluvium was identified in the area of the eas-
¢. 20 v juznej tunelovej rire a v bloku €. 21 v severnej tune- tern portal of the PreSov tunnel. Its thickness varies between
lovej rdre. Pre tieto vrstvy je charakteristické striedanie 4 and 8m. The landslide deluvium is represented by sandy
laminovanych a7 tenko vrstevnatych poléh (10-130 mm) | clay (F4/CS) with medium to high plasticity and clay with
ilovcov a pieskovcov v pomere cca Ic:Pc=2:1. Horniny si | medium to high plasticity (F6-F8/CI-CH), stiff to firm consi-
prevazne rozpukané, porusSené, stredne az silno zvetrané, stency, and stony-clayey debris (G5/GC) with layers of blocks

nizkej aZ velmi nizkej pevnosti (R4-R5). V hlbgich &astiach of disturbed claystone. The thickness of the slid blocks of the

masivu st slabo zvetrané a7 zdravé, tenkej vrstevnatosti | ©alacogene rock ranges from 3 to 10m. .
(60-200 mm), nizkej pevnosti (R4). Claystone-sandstone layers with claystone prevailing

over sandstone (geotechnical section 2), emerge mainly in
the area of the western portal, in the quasi homogeneous block
No. 20 in the southern tunnel tube and block No. 21 in the
northern tunnel tube. These layers are characterised by the
alternation of laminated to thinly bedded layers (10-130mm)
of claystone and sandstone in the proportion ca Ms:Ss=2.1.
The rock is mostly fractured, faulted, medium to heavily

ilovcovo-pieskovcové vrstvy, s prevahou pieskovcov
nad ilovcami (geotechnicky dsek 3), tvoria podstatnd Cast
horninového masivu tunela PreSov. Vyskytuju sa v blokoch
¢islo 2, 8, 11, 13, 19, 23, 24, 26 severnej tunelovej rdry
a v blokoch ¢islo 2, 10, 12, 13, 14, 18, 22, 24 juZnej tunelo-
vej rdry. Pre tieto vrstvy je typické striedanie laminovanych,
velmi tenkych aZ tenkych vrstiev (20-200 mm) jemnozrn- weathered, with low to very low strength (R4-R5). In deeper

nych az strednozrrzn}’/ch ,pie'skovcov s ilovcarvni, vV pomere | harts of the massif the rock is weakly weathered to fresh, thin-
Pc:Ic=2:1. Pevnost’ hornin je strednd (R3) az nizka (R4). ly bedded (60-200mm), with low strength (R4).

Horniny st prevazne zdravé az slabo zvetrané. V blizkosti Claystone-sandstone layers with sandstone prevailing over
portdlov a oblasti tektonickych portich si horniny stredne aZz claystone (geotechnical section 3) form a significant part of the
silno zvetrané, poruSené, s nizkou az velmi nizkou pevnos- PresSov tunnel massif. They occur in blocks No. 2,8, 11, 13, 19,
tou (R4-R5). 23, 24 and 26 of the northern tunnel tube and blocks No. 2, 10,
Pieskovcové vrstvy, s ojedinelymi polohami ilovcov 12,13, 14, 18, 22 and 24 of the southern tunnel tube. Typical for
(geotechnicky tusek 4) sa vyskytuji v kvazihomogénnych these layers is the alternation of laminated, very thin to thin lay-
blokoch ¢islo 3, 7, 10 severnej tunelovej rury a v blokoch 3 ers (20-200mm) of fine-grained to medium-grained sandstone
a 8 juznej tunelovej rdry. Pieskovce si roznej zrnitosti od with claystone in the proportion Ss:Ms=2:1. The rock strength is
jemnozrnnych, strednozrnnych aZ po hrubozrnné, ktoré | medium (R3) to low (R4). The rock types are mostly fresh to
pozvol’ne prechédzajﬁ do drobnozrnn}'}ch Zlepencov' Hrubka wedkly weathered. Near pOI'tillS and in the area of tectonic faults
vrstiev je velmi premenlivd, pohybuje sa v rozsahu 60 aZ they are medium to heavily weathered, faulted, with low to very
2000 mm (obr. 4), lokdlne méZu obsahovat' laminy flovca do | low strength (R4-RS5).
10 %. Pevnost pieskovcov predstavuje pomerne Siroky roz- Sandstone layers with sporadic claystone layers (geotech-

nical section 4) exist in quasi homogeneous blocks No. 3, 7
and 10 of the northern tunnel tube and blocks No. 3 and 8 of
the southern tunnel tube. The gradation of the sandstone vari-
es from fine-grained, medium grained to coarse-grained,
which slowly pass to fine-grained conglomerates. The thick-
ness of the layers is very variable, varying between 60mm and
2000mm (see Fig. 4); they can locally contain laminae of
claystone up to 10 per cent. The scope of sandstone strength is
relatively very wide, from low strength (R4) through medium
strength (R3) up to high strength (R2). The sandstone is fresh

sah od nizkej pevnosti (R4), cez strednu (R3) az po vysoku
pevnost’ (R2). Pieskovce st v oblasti tunelovych rir zdravé
az slabo zvetrané, v rozvolnenej zéne masivu a v blizkosti
tektonickych portch si stredne aZ silno zvetrané.

Ilovcové vrstvy, s ojedinelymi polohami pieskovcov (geo-
technicky tsek 5) boli na zdklade vysledkov z vrtnych geolo-
gickych priac a geofyzikdlneho prieskumu identifikované
v kvazihomogénnych blokoch ¢islo 16 a 17 v severnej tunelo-
vej rire a v bloku &islo 16 v juZnej tunelovej rire. flovce st
laminované a7 velmi tenko vrstevnaté (6-60 mm), nizkej aZ |, \eakly weathered in the area of tunnel tubes and up to
velmi nizkej pevnosti (R4-R5) a obsahuji laminy aZ tenké medium to heavily weathered in the vicinity of tectonic faults.
vrstvy jemnozrnnych pieskovcov (do 15 %). Illovce st v useku Claystone layers with sporadic sandstone layers (geo-

tunelovych rir zdravé az slabo zvetrané (obr. 5). V tektonicky technical section 5) were identified on the basis of the results
porusenych zdnach sud {lovce silno az uplne zvetrané

a nadobudaju charakter ilovitych zemin.

Zlepencové vrstvy, s vloZkami pieskovcov a ilovcov (geo-
technicky tsek 6) tvoria priebezné polohy, ktoré sa predpo-
kladajuo v blokoch &islo 4, 5, 6, 7 juZnej tunelovej riry e _'

a blokoch &islo 4, 5, 6 severnej tunelovej riry. Zlepencové g ' o g v-nm h

vrstvy tvoria polohy v hribke 5 aZ 13 m. Sd budované zle- tosr " ST — — -
pencami, s pozvolnym prechodom do hrubozrnnych pieskov- -

cov a vlozkami ilovcov. Pevnost’ zlepencov je nizka (R4). e -~ "' mmm“w
Zlepence su zdravé aZ slabo zvetrané.

Vybrané geotechnické parametre a charakteristiky hornino- v nm_mﬁ‘

vého masivu geotechnickych dsekov si uvedené v tabulke 1.
Pre oblast’ zapadného portdlu tunela PreSov je charakteris- -

L i s . R R ] VRIS N B AR ,.y.. ¥ Wi

tické pomerne priaznivé prostredie pre zakladanie objektu. , - - e ,

Kvartér je zastipeny vrstvou deluvidlnych {lov, siltov

a kamenito-ilovitych suti. Horninovy masiv tvoria {lovcovo- Obr. 4 Ukdzka vynosu vrtného Jadra pteskovcovych vrstiev z vrtu T-2, hibko-

pieskovcové vrstvy s prevahou ilovcov (Ic>Pc). Horniny si vy interval 57-62 m, zobrazeny tisek predstavuje dobri kvalitu horninového

AP s B

. : . . . . masivu
vyrazne vrstevnate s lamlinov.anou. az .tel}kou hrUbk(Zu vrstiev Fig. 4 Example of the drill core recovery from sandstone beds from borehole
(10-130 mm). Uklon vrstiev je priaznivy cca 10-20° smerom T-2, the depth interval 57-62m, the depicted section represents good quality of

do masivu. Ilovcovo-pieskovcové vrstvy si vo vrchnej Casti rock mass
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silno az dplne zvetrané. Dosah zdény silného zvetrania je 2 az
4 m. Pod tymito vrstvami vystupuju stredne aZ slabo zvetrané
ilovcovo-pieskovcové vrstvy, s nizkou az velmi nizkou pev-
nostou (R4-R5). Ich hribka sa pohybuje v rozsahu 1-4,5 m.
Vychodny portal tunela PreSov je situovany na svahu SV
smerom od udolia rieky Torysa. Svah na ktorom je situova-
ny portdl je postihnuty svahovymi deformaciami blokovité-
ho charakteru. Na svahu mozno pozorovat’ vyrazné odlu¢né
hrany az do vysky 10 m. Takisto akumula¢na oblast’ ma
zreteIné ohraniCenie. Hibky Smykovych ploch v zosuvnom
tdzemi dosahujd 10 aZ 15 m, pricom bazdlna Smykovéa plocha
zasahuje az do hibky 18 m. PlytSie Smykové plochy
prechéddzaju deluvidlnymi sedimentmi a hlbSie Smykové plo-
chy, po ktorych dochadzalo k pohybu pieskovcovych blokov,
sa vyvinuli predovSetkym na zvetranych plochach ilovcov,
ktoré maju charakter ilov (F6/CI, F8/CH, F2/CG), tuho-pev-
nej konzistencie. Zosuvné delivium ma vo vrchnej ¢asti cha-
rakter lov (F4/CS, F6/CI, F8/CH), tuho-pevnej aZ pevnej
konzistencie. Ich hribka je 4 az 8 m. HlbSia Cast je tvorena
deluvidlnymi sutami (F2/CG, G5/GC), s blokmi zosunutych
hornin prevazne pieskovcového zlozenia. Hribka zosunu-
tych blokov je premenlivé a predstavuje pomerne Siroky roz-
ptyl od 1 m aZz po 10 m (obr. 6). Pevnost pieskovcov
v zosunutych horninovych blokoch je stredna (R3).
Hydrogeologické pomery v trase tunela PreSov sd ovplyvne-
né geologicko-tektonickou stavbou masivu a hydrogeologickou

TuHel

from geological borehole survey and geophysical survey in
quasihomogeneous blocks No.16 and 17 in the northern tun-
nel tube and block No. 16 in the southern tunnel tube. The
claystone is laminated to thinly bedded (6-60mm), with low to
very low strength (R4-R5) and it contains laminae to thin beds
of fine-grained sandstone (up to 15%). The claystone is fresh
to weakly weathered in the section of the tunnel tubes (see
Fig. 5). In tectonically faulted zones the claystone is heavily
to completely weathered, assuming the character of claye soil.

Conglomerate layers with sandstone and claystone
interbeds (geotechnical section No. 6) are formed by conti-
nual layers. We predict them for blocks No. 4, 5, 6 and 7 of
the southern tunnel tube and blocks No. 4, 5 and 6 of the nort-
hern tunnel tube. The thickness of the conglomerate beds ran-
ges from 5m to 13m. They are formed by conglomerates slow-
ly passing to coarse-graded sandstone and claystone inter-
beds. The strength of the conglomerates is low (R4). The con-
glomerates are fresh to weakly weathered.

Selected geotechnical parameters and characteristics of
the rock mass in the geotechnical sections are presented in
Table 1.

The area of the western portal of the PreSov tunnel is cha-
racterised by environment relatively favourable for foundation
of structures. The Quaternary is represented by a layer of delu-
vial clay, silt and stony-clayey debris. The ground mass is for-
med by claystone-sandstone layers with claystone prevailing
(Ms>Ss). The rocks are significantly bedded, with laminated to

Tab. 1 Vybrané geotechnické parametre a charakteristiky horninového masivu tunela PreSov
Table 1 Selected geotechnical parameters and characteristics of the PreSov tunnel rock massif

Pevnost Modul Parametre efektivnej Poissonovo Index Klasifikacia | Klasifikacia
v prostom pretvarnosti Smykovej pevnosti Cislo kvality horn. horn.
tlaku - masiv hornin prostredia | prostredia
Unaxial Modulus Parameters of effective Poisson’s Rock Rock mass | Rock mass
compressive | of deformation shear strength ratio quality de- rating classifi-
strength - massif signation cation
o, (MPa) E,; (MPa) @ (°) c,; (kPa) v RQD (%) RMR QTS
Geotechnicky Usek 1
kvartér -delGvium 5-22 24 - 30 0-15 0,35-0,42
Geotechnical section 1 5-22 24-30 0-15 0.35-0.42
Quaternary — deluvium
Geotechnicky Usek 2 3,12-15,58 50 - 600 25-32 25-120 0,25 - 0,35 31-86 31-52 51-69
Geotechnical section 2 3.12-15.58 50 - 600 25-32 25-120 0.25-0.35 31-86 31-52 51-69
le>Pc / Ms>Ss
Geotechnicky Usek 3 7,48 - 24,07 250 - 1000 32-37 30-130 0,243 - 0,337 45 - 92 41 - 60 60 - 76
Geotechnical section 3 7.48 - 24.07 250 - 1000 32-37 30-130 0.243 - 0.337 45 - 92 41 - 60 60 - 76
Pe>lc / Ss>Ms
Geotechnicky Usek 4 3,80-10,22 100 - 400 28-36 30-130 0,328 - 0,341 35-84 34-50 53 - 68
Geotechnical section 4 3.80 - 10.22 100 - 400 28- 36 30-130 0.328 - 0.341 35-84 34 - 50 53 - 68
le>>Pc / Ms>>Ss
Geotechnicky Usek 5 9,90 - 59,95 600 - 3000 34-40 90 - 280 0,154 - 0,289 50 - 95 45 - 63 63 - 83
Geotechnical section 5 9.90 - 59.95 600 - 3000 34-40 90 - 280 0.154 - 0.289 50 - 95 45 - 63 63 -83
Pc>>lc / Ss>>Ms
Geotechnicky Usek 6 8,05 150 - 500 30-36 60 - 130 0,35 30-87 33-54 53 - 71
Geotechnical section 6 8.05 150 - 500 30 - 36 60 - 130 0.35 30 - 87 33-54 53-71
ZI>Pc>lc / Co>Ss>Ms

Vysvetlivky: Ic — flovec, Pc — pieskovec, ZI — zlepenec / Explanation: Ms — mudstone, Ss — sandstone, Co — conglomerate
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rozvodnicou, ktord delf masiv Malkovskej horky na oblast tvo-
rend flySovym sdvrstvim (oblast' medzi Troma jarkami) a oblast’
tvorend pieskovcami (vrcholova Cast). Oblast’ masivu tvorena
flySovym zubereckym suvrstvim, v ktorom bude razeny tunel
Presov, je odvodnovand odtokom zrazkovych véd do potokov
Vydumanec a bezmennych pritokov Malkovského potoka.
Okrem prevlddajticeho povrchového odtoku dalsia East’ zrazko-
vych vdd prestupuje do zvetraninového plasta rozvolnenych
paleogénnych hornin. FlySové stvrstvie v koridore tunela
PreSov predstavuje ako celok malo zvodnené a velimi nizko pri-
epustné prostredie s puklinovou a lokdlne aj medzizrnovo-puk-
linovou priepustnostou silne zvetranych polohach. Obeh pod-
zemnej vody sa ststreduje do strmych subvertikdlnych pukli-
novych zoén a pasiem intenzivneho rozpukania tektonickych
portich. Tieto m6Zu predstavovat’ privilegované hydraulické
cesty pre pohyb vdd do vicsej hibky s pomalym obehom.
Vzhladom na to, Ze pocas realizcie vrtov bola evidovana Cias-
to¢nd alebo tplna strata vrtného vyplachu, dd sa predpokladat’,
Ze puklinova priepustnost’ hornin méze byt vyrazne vyssia.
Predpoklada sa, ze hlavné priesaky a prieniky podzemnej vody
do tunelovych rir budd v oblastiach nad morfologickymi zni-
Zeninami a udoliami, kde je vyraznejsi dosah zény rozvolnenia
horninového masivu, dalej v oblastiach kriZovania sa vyraz-
nych tektonickych portch a v puklinovych zénach na kontakte
priepustnych pieskovcov a nepriepustnych flovcov. Priesaky
a prieniky vody do vyrubu tunela sa budi prejavovat’ Castejsie
hlavne v obdobi s trvalejSou zrdzkovou ¢innostou a v obdobi
topenia sa snehu. Odhadované pritoky podzemnych vdd do
vyrubu tunela by sa mohli v tychto miestach pohybovat ridovo
od 0,01 do 0,5 1/s, maximalne do 1,0 1/s.

CHARAKTERISTIKA HLAVNYCH RIZIK
A NAVRHOVANE OPATRENIA

Na zéklade vysledkov z inZinierskogeologického prieskumu
bolo horninové prostredie zhodnotené ako heterogénne
z hladiska:

* litoldgie, stupna zvetrania, velkosti blokov a stupna pev-

nosti hornin;

 degraddcie geotechnickych parametrov hornin az na dro-

ven zemin v dosledku tektonického porusenia a zvetrania
v blizkosti tektonickych portch;
* svahové deformdcie v oblasti vychodného portélu;

Obr. 5 UkdZka vynosu vrtného jadra ilovcovych vrstiev z vrtu T-9, hfbkovj
interval 98-106 m, zobrazeny isek predstavuje uspokojivii kvalitu hornino-
vého masivu

Fig. 5 Example of the drill core recovery from mudstone beds, from borehole
T-9, the depth interval 98-106m, the depicted section represents fair quality of
rock mass
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thin thickness of beds (10-130mm). The dip of layers is favou-
rable, ca 10-20° into the massif. The claystone-sandstone lay-
ers are heavily to completely weathered in the upper part. The
reach of the heavy weathering zone is 2 to 4m. Medium to
slightly weathered claystone-sandstone layers with low to very
low strength (R4-R5) are under these beds. Their thickness
ranges from 1 to 4.5m.

The eastern portal of the PreSov tunnel is located on the
slope in the NE direction to the Torysa river valley. The slope
on which the portal is located is affected by blocky character
slope deformations. Significant jointing edges up to 10m high
can be observed on the slope. The accumulation area has also
distinct boundaries. The depths of shear planes in the landsli-
de area reach 10 to 15m, with the basal shear plane extending
up to the depth of 18m. Shallower shear planes pass through
deluvial sediments and deeper shear planes, along which
movements of sandstone blocks occurred, developed first of
all on weathered surfaces of claystone, which have the charac-
ter of clay (F6/CI, F8/CH, F2/CG) with stiff-hard consistency.
The landslide deluvium has the character of clay (F4/CS,
F6/CI, F8/CH) in the upper part. Their depth reaches 4 to 8m.
The deeper part is formed by deluvial debris (F2/CG, G5/GC)
with blocks of slid rock blocks mainly with the sandstone com-
position. The thickness of the slid blocks is variable, represen-
ting relatively wide scatter from Im up to 10m (see Fig. 6).

Hydrogeological conditions along the PreSov tunnel are
affected by the geological-tectonic structure of the massif and
hydrogeological divide dividing the Malkovska Horka massif
into an area with flysh strata (the area between Tri Jarky ) and
the area formed by sandstone (the top part). The part of the
massif formed by the flysh Zuberec Formation, through which
the PreSov tunnel will be driven, is drained by the outflow of
rain water to creeks, the Vydumanec and nameless tributaries
of the Malkov creek. Apart from the prevailing surface outf-
low, another part of rainwater infiltrates into the weathered
mantel and loosened Palaecogene mantlerock. The flysh strata
within the PreSov tunnel corridor represents as a whole
a water-bearing and very little permeable environment with
fissure type of permeability, locally even intergrain-fissure
permeability type in heavily weathered layers. The circulation
of groundwater is concentrated into steep sub-vertical fissure
zones and zones of intensely jointed tectonic faults. They can
represent privileged hydraulic paths for the movement of
water to a greater depth with slow circulation. With respect to
the fact that partial or complete loss of drilling mud was regis-
tered during the realisation of boreholes, it is possible to assu-
me that the fissure permeability of rock can be significantly
higher. We assume that the main seepage and penetration of
groundwater into tunnel tubes will be in the areas above
morphological depressions and valleys, where the reach of the
rock mass loosening zone is more pronounced, further in
areas of tectonic faults intersections and in fissure zones on
contact between permeable sandstone and impermeable clays-
tone. Seepage and ingress of water into the tunnel excavation
will manifest themselves mainly in periods with more persi-
stent rains and snow melting periods. Estimated inflow of
groundwater into the tunnel excavation in these locations
could vary from 0.01 to 0.5L/s, maximum up to 1.0L/s.

CHARAKTERISTICS OF MAIN HAZARDS
AND PROPOSED MEASURES

The rock environment was assessed on the basis of the
results of engineering geological survey as heterogeneous
from the aspect of:

e lithology, the degree of weathering, the size of blocks and

the degree of rock strength;

* the degradation of geotechnical parameters of rock down

to the level of soils resulting from tectonic faulting and
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VYSVETLIVKY - EXPLANATIONS

Kvartér / the Quaternary

:] zosuvné deltvium a blokové defomacie
landslide deluvium and block deformations
deluvidlne fly a kamenito-flovité sute

|:| deluvial clay and stony-clayey debris

Paleogén / the Palaecogene

gEE

flovcovo-pieskovcové vrstvy s prevahou flovcov
claystone-sandstone layers with claystone prevailing
lovcovo-pieskovcove vrstvy s prevahou pieskovcov
claystone-sandstone layers with sandstone prevailing
pieskovcové vrstvy s lokalnymi polohami flovcov
sandstone layers with local claystone interbeds

ostatné / other ones
.-~ hranica vyskytu predkvartérneho podiozia
boundary of the pre-Quaternary bedrock
occurrence
hranica dosahu zony rozlozenia
limit of the decomposition zone
—litologické hranica
lithological boundary

Priemet / Projection
INK/WL-5

.-~ potencidlne Smykové plochy
potential shear planes
predpokladand hranica blokov paleogénnych
— hornin v svahovej deformécii
assumed boundary of Palaeogene rock
blocks in the slope deformation
} I tektonicky porusené zény
tectonically faulted zones

razeny portal / mined portal

km 2.844 000

vychodny portal / eastern portal
km 2,867 000

koniec JTR/ STT end

km 2,775 2,800 2,825

2.9%
— 1] L-_-———-.

Obr. 6 Pozdiz'ny inZinierskogeologicky rez juZnou tunelovou riirou v mieste
vychodného portdlu

Fig. 6 Longitudinal engineering geological section through the southern tun-
nel tube in the location of the eastern portal

¢ nestability klenby, Celby a stien v dosledku rozvolnenia
masivu a tektonického poruSenia horniny, s ohladom na
moznost’ vypadavania klinov horniny po plochach dis-
kontinuit, moZnost’ odlupovania platni horniny po vrstev-
nych plochach vzhladom na mierny dklon vrstiev;

* nestability stropu v oblasti svahovej deformdcie v oblasti
vychodného portdlu;

e citlivosti flovcovych hornin na zmeny vlhkosti a mrazové
cykly, podmienujice rychle zvetrdvanie a degraddciu
geotechnickych parametrov hornin;

* moznost’ vyskytu priesakov a lokdlnych pritokov pod-
zemnych vod do vyrubu tunela v tektonicky predispono-
vanych tsekoch v obdobiach s trvalejSou zrdazkovou cin-
nostou a v obdobi topenia sa snehu;

e rozbredania a zmien geotechnickych vlastnosti na styku
s podzemnou, ale i s technologickou vodou, z Grovne polos-
kalnej horniny na zeminu, mékkej aZ kaSovitej konzisten-
cie, v zonach tektonického porusenie flovcovych hornin.

Z pohladu hodnotenia hlavnych rizik boli navrhnuté tieto

opatrenia:

e v oblasti zdpadného portdlu odporicanie zabezpecit por-
talové steny klincovanim;

e v oblasti vychodného portdlu je potrebné dobudovat
funkény monitorovaci systém na sledovanie svahovych
pohybov;

e zdrezy a odrezy v oblasti vychodného portélu sa odporu-
Caju zabezpecit kotvenymi zdrubnymi murmi;

weathering in the vicinity of tectonic faults;

¢ slope deformations in the area of the eastern portal;

e instability of the vault, face and walls as a result of loo-
sening of rock mass and tectonic faulting of rock mass
with respect to the possibility of falling of rock wedges
along discontinuity surfaces, the possibility of loosening
rock plates along bedding planes with respect to the low
inclination gradients;

e instability of the roof in the area of slope deformations in
the area of the eastern portal;

¢ sensitivity of claystone to changes in moisture and free-
zing cycles conditioning rapid weathering and degradati-
on of geotechnical parameters of consistency in zones of
tectonic faulting of claystone rock types.

 the possibility of occurrence of seepage and local inflows
of groundwater into the tunnel excavation in tectonically
predisposed sections in periods with longer rains and in
snow melting periods;

* slaking and changes in geotechnical properties from the
level of semi-rock to soil on contact with groundwater or
process water, assuming soft to liquid consistency in
zones of tectonic faulting of claystone-type rock types.

The following measures were proposed from the aspect of

assessing the main risks:

e a recommendation to stabilise portal walls by nailing in
the area of the western portal;

e it is necessary to complete the functional monitoring sys-
tem for observing slope movements;

e we recommend that trenches and side-hill cuttings in the
area of the eastern portal be stabilised by anchored revet-
ment walls;




TuHel

v priportdlovych dsekoch realizovat tpravu a zachytenie
povrchovych a podzemnych vdd do dlazdenych rigolov
a ich zvedenie do recipientu mimo portdlovi oblast’

e zabezpecCenie stability klenby (stropu) tunela vhodnymi
technickymi a technologickymi opatreniami (mikropil6-
tovy ddzdnik), najmé v priportdlovych tsekoch;

e zabezpecCenie stability, klenby tunela vhodnymi opatreni-
ami (ihlovanie), nakolko sa predpoklada pomerne mierne
uloZenie vrstiev a moznost’ odlupovania sa platni az blo-
kov horniny pozdii ploch vrstevnatosti;

e zachytdvat'pritoky a priesaky podzemnej vody a odvadzat
ju z tunela, aby nedoslo k znehodnocovaniu geotechnic-
kych parametrov ilovcov ich rozbredanim a zvetravanim;

e vzhladom na citlivost’ flovcovych hornin na styk s vodou
a rozbredanie pri pojazdoch mechanizmov je potrebné
zabranit' inikom technologickej vody.

ZAVER

V ramci podrobného inZinierskogeologického a hyd-
rogeologického prieskumu dzemia trasy dialnice D1 PreSov
zadpad — PreSov juh boli preskiimané geologické pomery tze-
mia projektovaného tunela PreSov. Prieskum bol zamerany na
overenie geologicko-tektonickej stavby tzemia, zistenie inZi-
nierskogeologickych a geotechnickych pomerov v trase tune-
la, posudenie stability zosuvnych tzemi v portdlovych oblas-
tiach, nasledné rozcClenenie a charakteristiku horninového
masivu tunela PreSov. V trase tunela PreSov boli vypracova-
né inZinierskogeologické rezy osami severnej a juznej tune-
lovej rdry, s vyClenenymi kvazihomogénnymi dsekmi podla
klasifikacie Z. T. Bieniawskeho (1989). Z charakteristiky
vyc¢lenenych usekov podla RMR vyplyva, Ze v trase navrho-
vanej juznej tunelovej riry predstavuji zld kvalitu hornino-
vého prostredia dseky v dizke 382 m (17 %), uspokojivu kva-
litu horninového prostredia predstavuji udseky v dizke
1421 m (65 %) a dobru kvalitu prostredia predstavuji tseky
v dizke 384 m (18 %). V trase navrhovanej severnej tunelo-
vej riry predstavuju z1d kvalitu horninového prostredia dseky
v dizke 439.,5 m (20 %), uspokojivi kvalitu horninového
prostredia predstavuju dseky v dizke 1363 m (63 %) a dobru
kvalitu horninového prostredia predstavuju dseky v dizke
363 m (17 %).
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e improving the pre-portal sections and catching surface
and ground water in paved gutters in portal sections and
diverting it to a recipient outside the portal area;

e ensuring stability of the tunnel vault (roof) by suitable
technical and technological measures (canopy tube pre-
support), mainly in portal sections;

e ensuring stability of the tunnel vault by suitable measures
(spiling) because we expect relatively moderate depositi-
on of layers and the possibility of peeling of plates up to
blocks of rock along bedding planes;

e capturing inflows and seepage of groundwater and diver-
ting them from the tunnel to prevent degradation of geo-
technical parameters of claystone by weathering and tur-
ning to slush;

» with respect to the sensitivity of claystone rock types to con-
tact with water and slaking due to mechanisms running on the
surface, it is necessary to prevent spilling of process water.

CONCLUSION

Geological conditions of the area for the PreSov tunnel being
designed were examined within the framework of the detailed
engineering geological and hydrogeological survey along the
alignment of the PreSov West — PreSov East section of the D1
motorway. The survey was focused on the verification of the geo-
logical-tectonic structure of the area, identification of enginee-
ring geological and geotechnical conditions along the tunnel
alignment, assessment of stability of landslide areas in portal
areas, subsequent division and characteristics of the PreSov tun-
nel rock mass. Engineering geological sections on the northern
tunnel tube and southern tunnel tube centre lines were carried out
along the PreSov tunnel alignment, with quasi homogeneous
blocks specified according to the Z. T. Bienawski (1989) classifi-
cation system. It follows from the characteristics of the sections
specified according the RMR that, on the alignment of the sout-
hern tunnel tube being designed, sections 382m long in total
(17%) represent poor quality of rock environment, sections at the
total length of 1421m (65%) represent good quality quality and
384m (18%) represent good quality. On the northern tunnel tube
alignment, poor quality of rock environment is represented by
439.5m long sections (20%), good quality quality of rock envi-
ronment is represented by sections 1363m long in total (63%) and
fair quality of rock environment is represented by sections 363m
long in total (17%).
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ULOHA GEOTECHNICKEHO MONITORINGU A INZENYRSKOGEOLOGICKE
DOKUMENTACE V RAMCI VYSTAVBY TUNELU POVAZSKY CHLMEC

GEOTECHNICAL MONITORING AND ENGINEERING GEOLOGICAL
DOCUMENTATION IN THE POVAZSKY CHLMEC TUNNEL
CONSTRUCTION PROCESS

JIRI TLAMSA, ANNA VOJTECHOVSKA

ABSTRAKT

Tunel PovaZsky Chlmec o celkové délce 2,2 km je soucdsti nového useku ddlnice D3 Zilina (Strd%ov) — Zilina (Brodno) a Jje navr-
Zeny jako tunel se dvéma tunelovymi troubami o dvou jizdnich pruzich. Razba tunelu je provddena metodou NRTM jak 7 definitivnich
portdlii v misté napojent na prilehlé mostni objekty, tak i z do¢asnych portdli nachdzejicich se priblizné ve stiedu tunelu v samostatné
stavebni jamé. Vzhledem k ndroc¢nosti stavebnich konstrukci a sloZitym geologickym podminkdm v podobé tektonicky postizenych hor-
nin bradlového pdsma (slepence, piskovce a jilovce) a mocnych poloh kvartérnich uloZenin riiznych geotechnickych viastnosti se rea-
lizace stavby od svého zahdjeni neobesla bez komplexniho geotechnického a hydrogeologického monitoringu. V rdmci jednotlivych
stavebnich objektii v podobé stavebnich jam, jednotlivych portdli a samotné razby tunelovych trub bylo v mnoha pripadech ndzorné
ukdzdno, Ze prinos geotechnické cinnosti na takovémto typu stavby spolivd jak v zajisténi celkové bezpecnosti vystavby, tak zejména
Jjeji adaptaci na zastiZené geotechnické podminky odrdZejici se v jejim urychleni a sniZeni ndkladii.

ABSTRACT

The Povazsky Chlmec tunnel, with the total length of 2.2km, is part of the new Zilina (Strdzov) — Zilina (Brodno) Tunel section of the
D3 motorway. It is designed as a structure consisting of two double-lane tunnel tubes. The tunnel is being driven using the NATM met-
hod, not only from both definite portals in the locations of the connections to the ends of adjacent bridges, but also from temporary por-
tals located approximately in the middle of the tunnel, in a separate construction pit. With respect to demanding building structures and
complex geological conditions in the form of tectonically affected rock types of the Klippen Belt (conglomerates, sandstone and mudsto-
ne) and thick layers of Quaternary sediments with various geotechnical properties, the realisation of the construction could not do
without comprehensive geotechnical and hydrogeological monitoring from the beginning. In many cases it has been clearly shown on
individual building structures in the form of construction pits, individual portals and the excavation for the tunnel tubes that the contri-
bution of geotechnical activities at such the type of construction lies both in securing overall construction safety and, in particular, in its

adaptation to the geotechnical conditions encountered, reflecting themselves in the works acceleration and lowering the costs.

UVOD - ZAKLADNI UDAJE O PROJEKTU VYSTAVBY

Nové budovany tsek dalnice D3 Zilina (StrdZov) — Zilina
(Brodno) je soucdsti prioritniho tahu D1 a D3 v trase Bratislava
— Tren&in — Zilina — Skalité. Jeho dvodni &dst tvori 1,5 km
dlouhd estakada se dvéma samostatnymi mosty pro kazdy smér,
kterd po preklenuti vodni nddrze Hriov prechdzi do tunelu
Povazsky Chlmec. Vyisteéni dédlnice z tunelu pokracuje 0,4 km
dlouhym mostem pres feku Kysucu. Tunel Povazsky Chlmec je
navrzeny jako dvoutroubovy kategorie T2-8 s Sitkou vozovky
8 m a vySkou prujezdného prarezu 4,8 m. RaZba tunelu véetné
sedmi propojek je provddéna metodou NRTM s horizontalnim
¢lenénim vyrubu. Plocha vyrubu tunelovych trub se v zavislosti
na geotechnickych podminkach a zvolené vystrojovaci tride
pohybuje v rozmezi 83-105 m?2. Hloubené tseky tunelu se
nachdzeji jak v oblasti zdpadniho a vychodniho portdlu, tak
i v prostoru stfedni stavebni jamy. Z celkové délky jizni tune-
lové trouby 2186,5 m je razeno 2120,5 m. V pripadé severni
tunelové trouby je z celkové délky 2249 m razeno 2200 m.
Specifikem projektu vystavby tunelu Povazsky Chlmec je rov-
néz vyuziti technologie razby pod zastropenim — tzv. metoda
»Zelva®, kterd byla vzhledem k predpoklddanym geotechnic-
kym podminkdm a mocnosti nadloZi zvolena v pripadé zahdje-
ni razeb obou tunelovych trub ze zdpadniho portdlu v délce

INTRODUCTION - BASIC CONSTRUCTION PROJECT DATA

The section of the Zilina (StraZov) — Zilina (Brodno) section
is part of the priority axis D1 and D3 being newly built on the
Bratislava — Tren&in — Zilina — Skalité route. Its initial part is
made up of a 1.5km long viaduct with two independent bridges
for each direction, which, after bridging the Hricov dam reser-
voir, passes into the Povazsky Chlmec tunnel. The motorway
emerging from the tunnel continues on a 0.4km long bridge over
the river Kysuca. The PovaZzsky Chlmec tunnel is designed as a
T2-8 category twin-tube structure with the roadway width of 8m
and the clearance 4.8m high. The excavation of the tunnel, inc-
luding 7 cross passages, is being carried out using the NATM
with the so-called horizontal excavation sequence (top heading,
bench and invert). The tunnel tube excavated cross-sectional
area ranges from 83 to 105m?2, depending on geotechnical con-
ditions and the chosen excavation support class. Cut-and-cover
tunnel sections are located both in the area of the western portal
and the eastern portal and in the space of the mid-point con-
struction pit. Of the total length of the southern tunnel tube of
2186.5m, the length of 2120.5m is carried out by mining met-
hods. In the case of the northern tunnel tube, the length of
2200m of 2249m is mined. A specific feature of the Povazsky
tunnel construction lies in the application of the cover-and-cut
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Obr. 1 Prehlednd situace nového iiseku ddlnice D3 Zilina (Strazov) — Zilina (Brodno)

~ . Mostni objekty /

Fotolphoto courtesy of ARCADIS CZ a.s.

Fig. 1 Layout of the new Zilina (Strdzov) — Zilina (Brodno) section of the D3 motorway

37,5 a 50 m, i raZby severni tunelové trouby ze stfedni staveb-
ni jamy smérem na vychod v délce 34,5 m. Stavebni price na
tomto dseku ddlnice D3 byly zahdjeny v kvétnu 2014. Termin
zprovoznéni je napldanovan na Cerven roku 2017. V pripade
jizni tunelové trouby v dobé psani prispévku (konec listopadu
2015) zbyvalo vyrazit zhruba 270 m mezi stfedni &ésti
a vychodnim portdlem. Ze severni tunelové trouby zbyvalo
vyrazit zhruba 570 m v dseku od vychodniho portélu, kde razba
zatim nebyla zahdjena.

Realizace celé stavby probihd podle smluvnich podminek
zluté knihy FIDIC, coz zhotoviteli a projektantovi jizZ od faze
nabidky umoznuje v souladu s pravidly zaddvaci dokumen-
tace optimalizovat technické feSeni a postup vystavby.
Zhotovitelem tunelu Povazsky Chlmec je firma HOCHTIEF
CZ a.s., ktera provadi razbu ze stredn{ portdlové jamy. Razbu
ze zapadniho a vychodniho portdlu pak provadi jeji subdodava-
tel firma TuCon, a.s. Zpracovatelem realiza¢ni dokumentace
tunelu a portdlovych stavebnich jam je projekéni skupina firmy
HOCHTIEF CZ a.s. Prehlednd situace nového tseku ddlnice
D3 Zilina (StraZov) — Zilina (Brodno) s vyznacenim hlavnich
stavebnich objektu je uvedena na obr. 1.

GEOLOGICKE POMERY ZAJMOVEHO UZEM[

Prevdznd ¢4st trasy noveé budovaného useku ddlnice prochdzi
horninovym prostredim s celkové pestrou a komplikovanou
strukturné-geologickou stavbou. Razba tunelového komplexu
i zaklddani pfilehlych mostnich objektu je realizovédna
v prostiedi zvrasnénych kiidovych sedimentdrnich hornin pie-
ninského bradlového pdsma v podobé nepravidelného stridan{
ruzné mocnych poloh exotickych polymiktnich slepencu
s vapnito-pis¢itym a jilovito-slinitym tmelem (obr. 2), jemné az
hrub€ zrnitych piskovea, prachovea a jiloveu (obr. 3).
Z pohledu geotechnickych vlastnosti, a tedy i podminek
vystavby, se tyto jednotlivé horninové typy vyznamné odliSuji
zejména svou pevnosti, Cetnosti a charakterem pritomnych
diskontinuit v podobé vrstevnich ploch, systému puklin

technique branch, the so-called “Tortoise Method”, which was
selected with respect to the anticipated geotechnical conditions
and the thickness of the overburden in the case of the commen-
cement of the excavation of both tunnel tubes from the western
portal for the lengths of 37.5m and 50m, respectively, and the
length of 34.5m for the excavation of the northern tunnel tube
from the mid-point construction pit to the east. Construction
work on this D3 motorway section commenced in May 2014.
Opening the tunnel to traffic is planned for June 2017. As far as
the southern tunnel tube is concerned, about 270m of the exca-
vation between the middle part and the eastern portal currently
(the end of September 2015) remain to be driven. Regarding the
northern tunnel tube, an about 570m long section from the eas-
tern portal on, where the tunnel excavation has not been started
yet, remains to be driven.

The realisation of the entire construction, proceeding accor-
ding to the FIDIC Yellow Book contractual conditions, allows
the contractor and the designer as early as from the bidding
phase to optimise technical procedures and the construction pro-
cess, in accordance with the terms and conditions of the tender
design. The contractor for the construction of the Povazsky
Chlmec tunnel is HOCHTIEF CZ a.s. It drives the tunnel from
the mid-point portal construction pit. From the western and eas-
tern portals it is driven by its sub-contractor, TuCon a.s. The
final design for the tunnel and the portal construction pits is car-
ried out by the designing group of HOCHTIEF a.s. The layout
of the new Zilina (StrdZov) — Zilina (Brodno) section with the
main structures marked in it is presented in Fig. 1. The detailed
design for the tunnel and portal construction pits is carried out
by the designing group of HOCHTIEF a.s.

GEOLOGICAL CONDITIONS IN THE AREA OF OPERATIONS

The major part of the route of the motorway section being
newly built passes through rock environment with generally
varied and complicated geological structure. The excavation for
the complex of tunnels and the foundation of adjacent bridge
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] Fotolphoto courtesy n ARADIS Ccz a.s
Obr. 2 Polymiktni slepence s vdapnito-piscitym tmelem s vysokou pevnosti
Fig. 2 High strength polymict conglomerates with calcareous-sandy cement

i tektonickych poruch, ndchylnosti k zvétrdvacim procesim
nebo propustnosti.

Horninovy masiv je na mnoha mistech prostoupen tektonic-
kymi poruchami rizného fadu, které se v rdmci geotechnickych
podminek vystavby projevuji nepravidelnym striddnim horni-
novych bloku odli¥nych geotechnickych vlastnosti a celkovym
oslabenim horninového masivu (tj. vyrazné podrceni a pro-
vrasnéni, vy$$i mira zvétrdni, intenzivnéjsi pritoky podzemni
vody atd.). Kiidové sedimentdrni horniny bradlového pdasma
jsou v prostoru trasy tunelu zvrdsnény s generelnim uklonem
vrstev mezi 30-60° smérem k SSV. Zejména v blizkosti vy-
znamnéjSich tektonickych poruch a poruchovych pdsem vSak
muZe byt orientace a sklon vrstevnich ploch velmi proménlivd.

Kromé kiidovych hornin vystavba na nékolika mistech pro-
bihd také v prostfedi kvartérnich pokryvnych dtvart ruzné
geneze, mocnosti a geotechnickych vlastnosti. Na svazich
v prostoru portdlovych tusekl tuneld se nachédzeji casto
mocné polohy deluvidlnich a deluvio-proluvidlnich sedimen-
tu, které predstavuji svahovymi pohyby premisténé zvétraliny
podloZnich hornin. Zrnitostni sloZeni a celkova mocnost téch-
to uloZenin muze byt zna¢né proménliva a je piimo zavisld na
délce i charakteru transportu, morfologické pozici a litologii
puvodni horniny. Zastoupeny jsou tak pis¢itokamenité

ey L
- Fotolphoto courtes of . CADIS CZas.
Obr. 3 Lavicovité polohy piskovcu stiedni pevnosti a tence deskovité polohy
Jilloveu velmi nizké pevnosti

Fig.3 Beds of medium strength sandstone and thin plates of very low strength
mudstone

structures is realised in an environment formed by folded
Cretaceous sedimentary rock types of the Pieniny Klippen Belt
having the form of irregular alternation of variously thick layers
of exotic polymict conglomerates, mudstone with calcareous-
sandy and clayey-marly cement (see Fig. 2), finely to coarsely
grained sandstone, siltstone and mudstone (see Fig. 3). In terms
of geotechnical properties, thus also the conditions for the con-
struction, these individual rock types significantly differ, main-
ly in their strength, frequency and the character of present dis-
continuities having the form of bedding planes, systems of fis-
sures and tectonic faults, propensity to weathering processes or
permeability.

The rock mass is permeated in many places by tectonic faults
of various order. They manifest themselves within the frame-
work of geotechnical conditions of the construction by irregular
alternation of rock blocks with different geotechnical properties
and overall weakening of the rock mass (significant crushing
and folding, a higher degree of weathering, more intense
groundwater inflows etc.). The Cretaceous sedimentary rock
types forming the Klippen Belt are folded with the general NNE
trend of the layers ranging from 30° to 60°. However, the trend
and dip of layers can be very variable in particular in the vicini-
ty of more significant tectonic faults and weakness zones.

Apart from Cretaceous rock types, the construction passes in
several locations through an environment formed by Quaternary
superficial deposits of various genesis, thickness and geotechni-
cal properties. Thick layers of deluvial and deluvio-proluvial
sediments are frequently found on slopes in the area of portal
sections of the tunnels. They represent solid products of weat-
hering of the underlying rock relocated by slope movements.
The grain-size composition and the total thickness of the depo-
sits can be significantly variable and is directly dependent on the
length and character of transport, the morphological position
and lithology of the original rock. It means that sandy-stony and
clayey-stony debris, loamy and clayey sand or clay with a vari-
able proportion of a sandy component, fragments and boulders
are represented in the ground mass. In the area of the mid-point
construction pit, which is partially located in the area of a creek
bed, there are also highly heterogeneous layers of fluvial and
proluvial sediments. In addition, irregular layers of terrace
sandy gravels were encountered within the framework of con-
struction work in the area of the western portal, on the slope
above the creek bed (see Fig. 4).

Three basic horizons of groundwater exist in the area of exca-
vation and adjacent cut-and-cover structures with respect to the
geological conditions. Their yield and character of flow are
given by hydraulic and hydrogeological properties of the parti-
cular environment. The most abundant aquifer is represented by
fluvial and proluvial sandy and gravel-sandy sediments with int-
rinsic permeability, which were encountered in the area of the
mid-point construction pit. A less significant horizon of ground-
water contained in deluvial and deluvio-proluvial sediments is
located usually in their basal coarsely graded layers or, as the
case may be, in the area of morphological depressions and ero-
sion grooves with more intense water flows. As far as
Cretaceous rock types are concerned, it is the case of environ-
ment with fissure permeability, where more significant flows
and yield exists only in upper weathered and loosened parts of
the rock massif. At greater depths, more intense groundwater
inflows are bound only to layers of more heavily fractured rock
and tectonic faults.

With respect to the project extent, several stages of geological
survey work were carried out within the framework of the
design preparation of the whole construction. With respect to
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a jilovitokamenité suté, hlinité a jilovité pisky nebo jily s va-
riabilnim podilem pis¢ité slozky, ilomka a valound. V oblasti
stredové stavebni jamy, kterd se z&asti nachdzi v prostoru kory-
ta potoka, se vyskytujf také velmi heterogenni polohy fluvial-
nich a proluvidlnich uloZenin. V rdmci stavebnich praci v ob-
lasti zdpadniho portdlu ve svahu nad korytem feky byly zasti-
Zeny rovnéZ nepravidelné polohy terasovych pis¢itych Stérka
(obr. 4).

V prostoru razeb a prilehlych hloubenych objektu se vzhle-
dem ke geologickym pomérim vyskytuji tfi zdkladni obzory
podzemni vody, jejichZ vydatnost a charakter proudéni jsou
dany hydraulickymi a hydrogeologickymi vlastnostmi daného
prostredi. Nejvydatnéjsi zvoden predstavuji fluvidlni a pro-
luvidlni pis¢ité a St€rkovité sedimenty s pralinovou propust-
nosti zastizené v prostoru stredové jamy. Méne vyznamny
obzor podzemni vody deluvidlnich a deluvio-proluvidlnich se-
dimentu se nachézi zpravidla v jejich bazdlnich hrubozrnnych
polohéch, pripadné v prostoru morfologickych depresi a eroz-
nich ryh s intenzivnéj$im proudénim vody. U kiidovych hornin
se jednd o prostfedi s puklinovou propustnosti, kde se vy-
raznéjsi proudéni i vydatnost nachdzi jen ve svrchnich zvétra-
Iych a rozvolnénych partiich horninového masivu. Ve vétSich
hloubkach jsou pak intenzivnéjsi pritoky podzemni vody vaza-
né zpravidla jen na polohy silnéji rozpukané horniny a tek-
tonické poruchy.

V ramci projekénf pripravy celé stavby bylo s ohledem na jeji
rozsah provedeno nékolik etap geologicko-prizkumnych praci.
Vzhledem k charakteru horninového prostredi, které je speci-
fické zejména nepravidelnym stfidanim odli$nych litologic-
kych typu hornin a Castym vyskytem tektonickych poruch,
a také omezenému rozsahu a metodice pruzkumnych praci
ovlivnénych nepfistupnym a ¢lenitym terénem, je vSak velmi
obtizné, zejména v pripad¢ tunelu s horninovym nadloZim
dosahujicim Casto vice nez 100 m, v celé jeho trase pro obé
tunelové trouby presné popsat inZenyrskogeologické a hyd-
rogeologické poméry. V prubéhu vystavby jednotlivych staveb-
nich objekta se tak mohou vZdy ve vEtSi ¢i men§i mife zastih-
nout odli§né geotechnické podminky, neZ ty puvodné pruzku-
mem predpoklddané. Pro zajisténi ekonomiky a maximalni
bezpecnosti vystavby proto musi byt realiza¢ni projekt a celd
vystavba vZdy schopné operativné reagovat na skute¢né zasti-
Zené podminky.

GEOTECHNICKY MONITORING
A INZENYRSKOGEOLOGICKA DOKUMENTACE

Od zahdjeni vystavby nového tseku ddlnice D3 je obdobné
jako u jinych takto rozsahlych a ndro¢nych staveb provadén
komplexni geotechnicky a hydrogeologicky monitoring. Za-
kladnim tkolem této Cinnosti je jednak sledovat negativni vliv
stavby na okolni horninové prostredi a stavajici objekty povr-
chové zdstavby a jednak sledovat chovani novych stavebnich
konstrukei a jejich interakci s okolnim horninovym prostfedim.
Metodika a rozsah geotechnického monitoringu odpovidaji
typu a ndrocnosti jednotlivych stavebnich objektd a pred-
pokldadanym geotechnickym podminkdm. V pribéhu vystavby
je pak &innost monitoringu podle potfeby prizpusobovdna jak
zméndm v realizanim projektu a postupu vystavby, tak i sku-
teéné zastizenym podminkdm nebo vzniklym geotechnickym
problémum.

Sledovani odezvy horninového masivu na provedeny zdsah
v podobé vykopovych praci a razeb je provadéno pomoci in-
klinometrického a extenzometrického méreni ve vrtech
(z povrchu i podzemi), konvergenéniho méfeni vyrubu nebo geo-
detickym sledovdnim povrchu terénu v prostoru poklesovych
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Fotolphoto courtey of ARCADIS CZ a.s.
Obr. 4 Terasové piscité sterky zastizené v oblasti zdpadniho portilu
Fig. 4 Sandy terrace gravels encountered in the area of the western portal

the character of the rock environment, which is specific mainly
by the irregular alternation of different lithological rock types
and frequent occurrence of tectonic faults, and also to the limi-
ted extent and methodology of survey operations affected by the
inaccessible and rugged terrain, it is very difficult, most of all in
the case of a tunnel with the overburden height frequently exce-
eding 100m throughout the length of the routes of both tunnel
tubes, to describe the engineering and geological and hydrogeo-
logical conditions exactly. Therefore geotechnical conditions
differing to higher or lower extent from those predicted by the
original investigation can always be encountered during the
course of the construction of individual structures. For that rea-
son, the final design and the whole construction process have
always to be capable of operatively responding to actually
encountered conditions.

GEOTECHNICAL MONITORING AND ENGINEERING
GEOLOGICAL DOCUMENTATION

Comprehensive geotechnical and engineering geological
documentation has been carried out, similarly to other that large
and demanding construction projects, since the beginning of the
construction of the new section of the D3 motorway. The fun-
damental task of this activity is to monitor the negative influen-
ce of the construction on surrounding ground environment and
existing surface buildings and structures and to monitor the
behaviour of new structures and their interaction with the sur-
rounding ground environment. The methodology and extent of
geotechnical monitoring correspond to the type and demands of
individual structures and the anticipated geotechnical conditi-
ons. During the course of the construction, the monitoring acti-
vities are adapted to changes in the detailed design and the con-
struction progress, as well as the actually encountered conditi-
ons or originating geotechnical problems.

The monitoring of ground mass response to an intervention in
the form of excavation and mining operations is carried out by
inclinometer and extensometer measurements in boreholes
(from both the surface and underground), convergence measu-
rements of excavated openings or geotechnical observation of
the terrain surface in the area of the settlement trough and the
slopes of trenches for cut-and-cover structures. The influence of
a construction on hydrogeological conditions in the ground
environment in the form of changes in the levels of the water
tables and the regime of groundwater flows is monitored by
means of observation hydrogeological boreholes. Permanent
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kotlin a svahu vykopu hloubenych objektu. Vliv stavby na
hydrogeologické poméry horninového prostredi v podobe
zmeén drovni hladin a rezimu proudéni podzemni vody je sle-
dovdn pomoci pozorovacich hydrogeologickych wvrta.
Monitoring trvalych i docasnych stavebnich konstrukei
a jejich interakce s okolnim prostfedim je provddén pomoci
geodetického méreni (sledovdni deformaci vyztuZenych
svaha, pilotovych a zdporovych stén stavebnich jam), méfeni
kotevnich sil nebo sledovdnim zmén napéti osténi tunelu
a tlaku okolni horniny na osténi pomoci tenzometra
a tlakovych podusek. Negativni vliv stavby na objekty povr-
chové zdstavby v podobé stdvajicich komunikaci, inZenyr-
skych siti, obytnych objektu nebo sloupu vysokého napéti je
sledovdn formou geodetického méfeni (trigonometrické mére-
ni, presnd nivelace, laserové 3D skenovdni), monitoringem
vzniku a progrese mozného poruseni budov nebo kontinudlnim
méfenim seismickych G¢inka od trhacich praci.

Dulezitym dkolem geotechnického monitoringu je rovnéz
ovefovéni predpokladi provedenych geologickych pruzkum-
nych praci formou podrobné dokumentace skute¢né zastiZe-
nych inZenyrskogeologickych a hydrogeologickych poméra.
Tato ¢innost zahrnuje jak dokumentaci raZeb tuneld, hloubeni
stavebnich jam a zdfeza pristupovych cest, tak i dokumentaci
vrti pro potfeby monitoringu nebo vrtd pro piloty, zdpory
a kotvy. Vystupy geologické dokumentace pak spolecné
s vysledky ostatnich monitorovacich metod predevs§im umoz-
fuji operativné prizpusobovat projekt i technologii vystavby
zastiZzenym podminkdm. Hlavnim dodavatelem geotechnického
monitoringu vystavby nového tseku ddlnice D3 Zilina
(Strazov) — Zilina (Brodno) je spolecnost ARCADIS CZ
a.s. Subdodavateli monitoringu zajistujicimi dil¢i ¢innosti jsou
pak spole¢nosti Angermeier Engineers, s.r.o. (konvergencni
méreni), INSET s.ro. (seismickd a geoelektrickd méreni),
GeoExperts, spol. s r.o. (inklinometrickd a extenzometrickd
méreni, tlakové podusky, tenzometry). Veskeré vystupy moni-
toringu jsou bezprostfedné po jejich vyhodnoceni prezentovany
v informacnim systému BARAB, ktery je dostupny vSem kom-
petentnim Gastnikim vystavby. Priklady vyuZiti vystupa geo-
technického monitoringu a inZenyrskogeologické dokumentace
v rdmci hloubenych a raZzenych objekti nového dseku ddlnice
D3 jsou podrobné¢ uvedeny v nésledujicich kapitoldch.
Hioubené stavebni objekty

Prinos vysledku jednotlivych innosti geotechnického moni-
toringu, zejména pak inZenyrskogeologické dokumentace, byl
dobre ilustrovéan v pripadé realizace a zajiStovan{ stavebni jamy
v oblasti portdld ve stfedni ¢&dsti tunelu. Vzhledem
k nepfistupnosti puvodniho terénu v podobé velmi strmych
zalesnénych svahi a souvisejicimu omezenému poctu pra-
zkumnych sond v prostoru projektované stavebni jamy bylo po
odlesnéni v misté¢ budoucich portdla provedeno nékolik kopa-
nych sond, pomoci nichZ byla ovéfena mocnost a charakter
kvartérnich pokryvnych ttvart a horninového podloZi.
K upfesnéni inzenyrskogeologickych a hydrogeologickych
poméri zde byla vyuZita i dokumentace soubéZné provadénych
inklinometrickych a hydrogeologickych vrta. Diky nové zjisté-
nym informacim o geotechnickych podminkach vystavby byla
ovéfena spravnost nového feseni jamy, kdy byla puvodné sva-
hovand jama upravena na jamu mensiho rozsahu zaji$t€nou
z¢asti svahovanim (bo¢nf svahy) a z¢asti zdporovym pazenim
(portdlové stény). V prostoru severni tunelové trouby v oblasti
koryta puvodniho potoka pak byla rovnéZ vzhledem
k nepfiznivym geotechnickym podminkdm vyuzita konstrukce
zelvy.
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and temporary structures and their interaction with the surroun-
ding environment are monitored by topographical survey (the
observation of deformations of supported slopes, pile walls, sol-
dier beam and lagging walls of construction pits), measuring the
anchoring forces or monitoring the changes in the stress in tun-
nel liners and the pressure induced by the surrounding ground
on the tunnel lining by means of pressure gauges and pressure
cells. The negative influence of the construction on surface buil-
dings and structures having the form of existing roads, enginee-
ring networks, residential buildings or high tension distribution
poles is monitored by means of topographical survey (trigono-
metric survey, precision levelling, 3D laser scanning), by moni-
toring of the origination and progress of potential damage cau-
sed to buildings or continual measuring of seismic effects due to
the effects of blasting operations.

Another important task of geotechnical monitoring is to veri-
fy the assumptions of completed survey operations in the form
of detailed documentation of actually encountered engineering
geological and hydrogeological conditions. This work incorpo-
rates not only the documentation of the excavation of tunnels,
excavation of construction pits and trenches for access roads,
but also the documentation of boreholes carried out for monito-
ring purposes or boreholes for piles, soldier beams and anchors.
The geological documentation outputs, together with the results
of the other monitoring methods, primarily subsequently allow
for the operative adaptation of the design and the construction
technique to the actually encountered conditions. The main con-
tractor for the geotechnical monitoring of the construction of the
new Zilina (Strazov) — Zilina (Brodno) section of the D3 motor-
way is ARCADIS CZ a.s. with Angermeier Engineers, s.r.o. as
the sub-contractor for convergence measurements, INSET s.r.o.
for seismic and geoelectric measurements, GeoExperts spol. s r. 0.
for inclinometer and extensometer measurements, pressure
cells and pressure gauges. All monitoring outputs are immedi-
ately after assessing them presented in the BARAB informati-
on centre, which is available to all competent parties of the con-
struction.

Examples of the use of the outputs of geotechnical monito-
ring and engineering geological documentation within the fra-
mework of cut-and-cover and mined structures on the new sec-
tion of the D3 motorway are presented in detail in the following
chapters.

Cut-and-cover structures

The contribution of results of individual geotechnical monito-
ring activities, in particular the engineering geological docu-
mentation, was well illustrated in the case of the realisation and
stabilisation of the construction pit in the areas of portals in the
middle part of the tunnel. Several trial holes were dug after
deforestation in the area of future portals taking into considera-
tion the inaccessibility of the original terrain having the form of
very steep forested slopes and the limited number of investiga-
tion probes in the area of the planned construction pit associated
with it. The probes verified the correctness of the thickness and
character of the Quaternary superficial deposits and the bed-
rock. Even the documentation of the concurrently carried out
inclinometer and hydrogeological boreholes was used for refi-
ning the engineering geological and hydrogeological conditions
in this area. The correctness of the new solution to the pit, where
the originally sloped pit was modified to a smaller pit stabilised
partially by sloping (lateral slopes) and partially by soldier beam
and lagging walls (the portal walls), was verified thanks to
newly learned information on the geotechnical conditions of the
construction. The “tortoise” structure was in addition used in the
area of the northern tunnel tube in the area of the original creek
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Obr. 5 Sténa vychodniho portdlu jiZni tunelové trouby zajisténd zdporovym
paZenim a betonovym zdstrikem

Fig.5 The wall of the eastern portal of the southern tunnel tube supported by
a soldier beam and lagging wall and shotcrete

Informace o inZenyrskogeologickych a hydrogeologickych
pomérech v misté budoucich portdla byly po zahdjeni samotné
vystavby ddle upfesnovdny v rdmci dokumentace vrta pro jed-
notlivé zdpory. Na zdkladé vystupu této dokumentace se
v misté zaporovych stén podarilo celkem presne uréit mocnost
a charakter kvartérnich pokryvnych dtvara (deluvidlni
a proluvidlni sedimenty, fluvidlni uloZeniny potoka), rozsah
jednotlivych litologickych typa hornin (slepence, piskovce
a slinovce), dosah z6ny zvétrani a rozvolnéni horninového pod-
lozi nebo pfitomnost a intenzitu pfitokd podzemni vody.
V pripadé zdporové stény vychodniho portdlu jizni tunelové
trouby a zdpadniho portdlu severni tunelové trouby bylo navic
vzhledem k zastizeni masivnich slepenct vysoké pevnosti na
zakladeé provadéné dokumentace u velkého poctu zdpor pri-
stoupeno k jejich zkraceni a souvisejici uprave zajiSténi stén
v podobé zmén urovni prevdzek lanovych kotev.

V prubéhu postupného hloubeni stfedové jamy byla ndsledné
provddéna kontinudlni dokumentace zastizenych zemin
a hornin nebo pritokt podzemni vody, kterd vedla k dal§imu
upresnéni geotechnickych podminek vystavby. Informace
o horninovém prostiedi v blizkém okoli jamy zahrnujici moc-
nost kvartérnich zemin, dosah zvétralé a rozvolnéné zény pod-
loZi nebo pritoky podzemni vody byly &dsteCné ziskdvany
i v ramci dokumentace vrti pro lanové kotvy zdporovych stén,
pripadné i hfebiky ve svahované ¢dsti jamy. Vystupy této doku-
mentace byly cenné zejména v prostoru portdlt jednotlivych
tunelovych trub — pro ndavrh doCasného zajisténi svaha v misté
budouciho vyrubu a pro optimalizaci zajisténi Gvodnich tdseka
razby. V pripadé realizace zdporovych stén bylo na zdkladé
vysledku geologické dokumentace provadéno jednak standard-
ni paZeni pomoci dfevénych trdmu, nebo pfi zastiZeni nezvét-
ralé a neporuSené horniny zajiStovani stén pomoci ocelovych
siti a stfikaného betonu (obr. 5).

Vysledky geotechnického monitoringu v podobé sledovani
odezvy horninového masivu na stavebni zdsah a jeho interakce
s vytvofenymi stavebnimi konstrukcemi ve vét§iné pripadu
potvrdily o¢ekdvany vyvoj deformaci, a tim i spravnou volbu
projektovaného feSeni zajiSténi a realizace jamy. Rovnéz
pokles hladiny podzemni vody v jednotlivych pozorovacich
vrtech po obvodu jamy odpovidal predpoklddanému vlivu stav-
by na hydrogeologické poméry, pfipadné intenzité srazkové
¢innosti. Pouze v ojedinélych pripadech bylo na zdkladé zjiste-
ni nezddouci velikosti a trendu deformaci pristoupeno k tpravé
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bed with respect to unfavourable geotechnical conditions.

Information on engineering geological and hydrogeological
conditions in the locations of future portals was further refined
within the framework of the documentation of boreholes for
individual soldier beams after the commencement of the con-
struction operations. The thickness and character of the
Quaternary superficial deposits (deluvial and proluvial sedi-
ments, fluvial deposits of the creek), the extent of individual lit-
hological types of rock (conglomerates, sandstone and marlsto-
ne), the reach of the zone of weathering and loosening of the
bedrock or the presence and intensity of groundwater inflows in
the locations of the soldier beam and lagging walls were
successfully determined on the basis of the outputs of this docu-
mentation. In addition, it was decided that the lengths of the sol-
dier beams were to be reduced and the relating stabilisation of
the walls to be modified by changing the levels of walers on
cable anchors in the cases of the soldier beam and lagging walls
at the eastern portal of the southern tunnel tube and the western
portal of the northern tunnel tube with respect to encountering
massive high strength conglomerates at a big number of the sol-
dier beams determined on the basis of the conducted documen-
tation.

The ground and rock types or groundwater inflows were sub-
sequently documented during the course of the gradual excava-
tion of the mid-point construction pit. It led to further refining
of geotechnical conditions of the construction. Information on
the rock environment in the vicinity of the pit, covering the
thickness of Quaternary soils, the reach of the weathered and
loosened zone of the bedrock or groundwater inflows, was par-
tially obtained even within the framework of the documentation
of boreholes for cable anchors of the soldier beam and lagging
walls or even nails in the sloped part of the pit. The outputs of
this documentation were valuable particularly in the areas of
portals of individual tunnel tubes — for designing the temporary
stabilisation system of slopes in the locations of future tunnel-
ling operations and for optimising the support in the initial tun-
nel excavation sections. In the case of the realisation of soldier
beam and lagging walls, standard lagging using wooden beams
was used or, when non-weathered and undisturbed rock was
encountered, the walls were supported with steel mesh and
shotcrete on the basis of the results of the geological documen-
tation (see Fig. 5).

The results of geotechnical monitoring in the form of the
observation of ground mass response to construction interventi-
ons and its interaction with new structures confirmed the antici-
pated development of deformations, thus also the correctness of
the choice of the design solution to the pit stabilisation and rea-
lisation. The drop of the water table level in individual observa-
tional boreholes around the pit circumference also corresponded
to the assumed influence of the construction on hydrogeological
conditions, eventually to the intensity of rainfall. It was only in
sporadic cases that undesirable magnitude and trend of defor-
mations requiring changes in the design of the pit stabilisation
system were detected. One of such cases was, for example, the
rehabilitation of an access road, which was carried out in the
form of a deep and steep trench in the environment of alluvial
deposits created by the original creek and anthropogenic fills
with significantly unfavourable properties. During the work on
sinking the road surface down to the final level, a part of the pre-
viously stabilised slope suffered damage and, at the same time,
growing deformations were detected in the remaining undama-
ged part of the slope, representing an unacceptable risk in the
form of the loss of stability even in this part of the excavation.
For that reason the contractor proceeded to additional support in
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projektu zajisténi jamy. Takovymto pripadem byla kuprikladu
sanace pristupové cesty provadénd formou hlubokého
a strmého zéfezu v prostredi fluvidlnich ndplavua koryta pivod-
niho potoka i antropogennich navazek znaéné nepriznivych
geotechnickych vlastnosti. V prubéhu zahlubovani cesty na
findlni droven zde doslo k poruSeni &dsti jiz zajisténého svahu
a soucasné byly ve zbyvajici neporusené ¢asti svahu zazname-
nané narUstajici deformace predstavujici nepfijatelné riziko
v podobé ztraty stability i této ¢asti vykopu. Z tohoto duvodu
bylo v ohroZeném tdseku zarezu cesty bezprostfedné pristoupe-
no k jeho dodate¢nému zajisténi v podobé navySeni poctu
dostate¢né dlouhych injektovanych IBO kotev, po kterém doslo
k postupnému ustédleni pozorovanych deformaci.

Vystupy inZenyrskogeologické dokumentace a geotech-
nického monitoringu byly vyuZity také v pripadé zapadniho
a vychodniho portdlu tunelu. U zdpadniho portdlu byla pro
upresnéni geotechnickych podminek vystavby v prvni fazi vyu-
Zita dokumentace hloubeni horni svahované ¢dsti jamy a vrta
pro piloty pro zajisténi jamy v misté obou Zelv. Pozdéji pak
dokumentace dal$iho zahlubovani jamy, realizace vrti pro
lanové kotvy zajiSteéni Celnich Stétovnicovych stén portdlu
a samotné profilovani Zelv. Vystupy dokumentace umoZznily
ovérit mocnost a charakter kvartérnich pokryvnych dtvaru (pfe-
devsim rozsah pro razbu velmi nepriznivych terasovych pisci-
tych $té€rku), droven povrchu horninového podloZi, hloubkovy
dosah jeho zvétrani i zastoupeni jednotlivych litologickych
typu hornin. Z dokumentace vrtu pro piloty byly ovéfeny
i predpoklddané hydrogeologické poméry. Pro upfesnéni geo-
logickych poméra v ivodnim tseku raZeb byla &dstecné vyuzi-
ta i dokumentace nékolika prilehlych vykopu pro zaloZeni sto-
74rt vysokého napéti.

RaZba tunelu

V pripadé vystavby jednotlivych tunelovych trub jsou
vysledky komplexni ¢innosti geotechnického monitoringu
a inZenyrskogeologické dokumentace vyuZzivany pro adaptaci
technologie a postupu razeb na skute¢né zastizené geotechnic-
ké podminky a souvisejici odezvu horninového masivu na pro-
vedeny stavebni zdsah. Tento proces soustavného prizpusobo-
vani vystavby, na kterém je nakonec metoda NRTM zaloZena,
ve vysledku vede k maximdlnimu urychleni postupu raZeb
a vyuziti optimélniho vyztuZen{ vyrubu (tj. neni pfedimenzova-
né ani poddimenzované), a to vSe pri zajisténi celkové bezpec-
nosti vystavby.

U portalovych tseka vétsiny tunelovych trub volba zajisténi
vyrubu a postupu razby z velké Cdsti vychdzela pravé
z vyhodnoceni inZenyrskogeologickych a hydrogeologickych
poméria ovéfenych v prubéhu hloubeni a zajistovéni stavebnich
jam. V pripadé razeb ze stfedni portdlové jamy bylo na zakladé
zhodnoceni geotechnickych podminek vystavby kupfikladu
pristoupeno k dodateénému zajisténi tvodniho dseku raZby
severni tunelové trouby za Zelvou. V tomto useku tunelu,
nachdzejiciho se v prostoru koryta puvodniho potoka, byla
v &asti jeho nadloZi ovéfena jen omezend poloha silné zvétralé
a rozvolnéné horniny a také mocné polohy zvodnélych kvartér-
nich uloZenin. Pro zvySeni bezpecnosti razby v tomto riziko-
vém useku bylo proto pristoupeno k dodateénému zajisténi
nadlozi kaloty pomoci ocelové vyztuze a vypliové injektdze,
ktera vedla jak ke zlepSeni geotechnickych parametra kvartér-
nich zemin i zvétralinové zdény horninového masivu, tak
i ke sniZeni pfitoki podzemni vody do tunelu. U ostatnich tune-
lovych trub bylo vzhledem k pomérné priznivym geotechnic-
kym podminkdm naopak pristoupeno k caste¢né redukci
puvodné projektovaného zajisténi tdvodniho tseku raZeb.
Razba pod ochranou mikropilotového destniku byla vyuZzita jen

TuHel

the form of the number of sufficiently long grouted IBO
anchors, after which the observed deformations came to rest.

The outputs of the engineering geological and geotechnical
monitoring were in addition used in the case of the western and
eastern tunnel portals. In the case of the western portal, the
documentation of the excavation of the upper sloped part of the
pit and boreholes for piles for the stabilisation of the pit in the
location of both “tortoises” was used in the first phase for refi-
ning the geotechnical conditions of the construction. Later it
was the documentation of subsequent deepening of the pit, rea-
lisation of boreholes for cable anchors for the stabilisation of the
soldier beam and lagging front walls of the portal and profiling
of the “tortoises”. The documentation outputs allowed for veri-
fying the thickness and character of the Quaternary superficial
deposits (first and foremost of the extent of tunnelling through
very unfavourable terrace sandy gravels), the bedrock level, the
depth of its weathering and the representation of individual lit-
hological types of rock. The anticipated hydrogeological condi-
tions were also verified on the basis of the documentation of
boreholes. The geological conditions in the initial tunnelling
section were in addition verified partially using the documenta-
tion of several adjacent pits excavated for foundations of high
tension distribution poles.

Tunnel excavation

In the case of the construction of individual tunnel tubes, the
results of comprehensive activities of the geotechnical monito-
ring and the engineering geological documentation are used for
adapting the excavation technique and advance rate to actually
encountered geotechnical conditions and the associated ground
mass response to the particular construction intervention. This
process of continual adaptation of the construction work, which
the NATM is eventually based on, leads in its consequence to
the maximum acceleration of the excavation advance rate and
the use of optimum excavation support (i.e. that it is neither
exaggerated nor insufficient), all of that with the overall con-
struction safety secured.

Regarding the portal sections of the majority of tunnel tubes,
the selection of the excavation support and the advance rate was
based on the assessment of engineering geological and hydro-
geological conditions verified during the course of the excavati-
on and stabilisation of construction pits. In the case of tunnel-
ling from the mid-point portal pit, the contractor, for example,
proceeded to install additional support in the initial section of
the excavation of the northern tunnel tube behind the “tortoise”
on the basis of the assessment of geotechnical conditions for the
construction. In this tunnel section, which is located in the area
of the original creek bed, only a limited layer of heavily weat-
hered and loosened rock and thick layers of water-bearing
Quaternary deposits was verified in a part of the tunnel over-
burden. For that reason the contractor proceeded to install addi-
tional support of the top heading overburden by means of steel
reinforcement and consolidation grouting with the aim of
improving the excavation safety. This measure led to the impro-
ving the geotechnical parameters of the Quaternary soils and the
weathered zone of the bedrock and to reducing groundwater
flows into the tunnel. On the contrary, as far as the other tunnel
tubes are concerned, the contractor, taking into consideration
the relatively favourable geotechnical conditions, proceeded to
partially reduce the originally designed support in the initial
excavation section. The excavation under the protection of
canopy tube pre-support was applied only in the case of driving
the southern tunnel tube to the west, where Quaternary soils and
heavily weathered and loosened sub-grade were encountered in
the initial section in the top heading crown (Fig. 6).
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Obr. 6 Zahdjeni razby jizni tunelové trouby ze stredni édsti zdpadnim smérem
pod ochranou mikropilotového destniku

Fig. 6 Commencement of excavation of the southern tunnel tube from the mid-
point part towards the west, under the protection of canopy tube pre-support

v pripadé razby jizni tunelové trouby zdpadnim smérem, kde
byly v pristropi kaloty v dvodnim tdseku zastizeny kvartérn{
zeminy i silné zvétralé a rozvolnéné podlozi (obr. 6).

Také v pripad€ razeb obou tunelovych trub ze zdpadniho por-
tdlu bylo na zdkladé ovéreni inZenyrskogeologickych pomé-
ri dvodniho tdseku raZeb za Zelvami pristoupeno k redukci
puvodniho zajisténi pfistropi tunelu. Tato zména projektu
vychdzela zejména z upresnéni vyskytu poloh nesoudrznych
terasovych Stérku, které byly puvodné v profilu razby a nadlozi
tunelu predpoklddané v mnohem vét§im rozsahu a mocnosti.
Vzhledem k témto skute¢nostem bylo namisto pavodné uvaZo-
vaného mikropilotového deStniku pristropi tvodniho tseku
razby obou trub zaji§t€éno pouze pomoci predrazenych ocelo-
vych profild Union a jehel. K nahrazeni pivodné projektova-
ného mikropilotového destniku systémem jehel osazovanych
do cementové zilivky bylo na zdkladé upfesnénych inzenyr-
skogeologickych podminek pristoupeno i v pripadé razby jizni
tunelové trouby z vychodniho portdlu.

V prubéhu razby jednotlivych tunelovych trub jsou vysledky
geotechnického monitoringu a inZenyrskogeologické doku-
mentace vyuzivany predev§im pro voleni optimdlniho postupu
razby a zajisténi vyrubu, které je specifikované jednotlivymi
vystrojovacimi tiidami NRTM. K volbé€ vystrojovaci tridy jsou
vyuzity zejména vysledky konvergenéniho méfeni a vystupy
nepretrzité dokumentace razeb zahrnujici zdkladni popis zasti-
Zenych horninovych typu, Cetnosti a charakteru diskontinuit,
intenzity pritoki podzemni vody nebo hodnoceni stability
nezajisténého vyrubu. Ndvrh volby vystrojovaci tfidy provadi
zhotovitelska firma HOCHTIEF CZ a.s. spole¢né se zdstupci
spole¢nosti 3G Consulting Engineers s.r.o., kterd pro zhotovi-
tele na stavbé provadi trvaly geotechnicky dohled razeb,
a zdstupci spolec¢nosti ARCADIS CZ a.s. provadéjici pro zho-
tovitele geotechnicky monitoring.

V ramci doposud vyrazené Casti tunelu byly nejtézsi vystro-
jovaci tfidy 6.1, 6.2, 6.3 a MP1 vyuZité pouze omezené
v uvodnich dsecich razeb obou tunelovych trub ze zdpadniho
portdlu i stfedni portdlové jamy a razby jizni tunelové trouby
z vychodniho portdlu. Tyto dseky nejméné priznivych geotech-
nickych podminek jsou charakteristické predevsim velmi niz-
kym horninovym nadlozim a vyskytem silné az zcela zvétra-
Iych a rozvolnénych hornin v profilu razby, v pfistropi vyrubu
pak Casto az charakteru zeminy s pozvolnym prechodem do
nadloznich kvartérnich ulozenin (obr. 7).
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The original support of the top heading was also reduced on
the basis of the verification of engineering geological conditi-
ons in the initial section of the excavation behind the “tortoi-
ses” in the case of driving both tunnels from the western por-
tal. This design change was based mainly on the adjustment of
the occurrence of cohesionless terrace gravels, which were
originally expected to be inside the excavation profile and tun-
nel overburden to much greater extent and with much greater
thickness. With respect to these facts, the top heading of the
initial section of the excavation of both tunnel tubes was sup-
ported only with forepoling using Union steel profiles and spi-
les instead of the originally planned canopy tube pre-support.
The originally designed canopy tube pre-support was replaced
on the basis of refined engineering geological conditions with
a system of spiles inserted into cement grout even in the case
of the excavation of the southern tunnel tube from the eastern
portal.

During the course of the excavation of individual tunnel
tubes, the results of the geotechnical monitoring and enginee-
ring geological documentation are used mainly for selecting
the optimum excavation advance rate and the excavation sup-
port, which are specified by individual NATM excavation
classes. The NATM excavation support classes are determined
first and foremost with respect to the results of convergence
measurements and outputs of the continual documentation of
the excavation comprising the basic description of ground
types encountered, frequency and character of discontinuities,
groundwater inflow rates or the assessment of stability of
unsupported excavation. The NATM excavation classes are
proposed by HOCHTIEF CZ a.s., the contractor, jointly with
representatives of 3G Consulting Engineers s.r.o., who carry
out permanent geotechnical supervision over the excavation,
and representatives of ARCADIS CZ a.s., who carry out geo-
technical monitoring for the contractor.

The most difficult excavation support classes applied within
the framework of the till now completed excavation were 6.1,
6.2, 6.3 and MP1. They were used only to a limited extent in
the initial sections of excavation of both tunnel tubes from the
western portal and the mid-point portal pit and the excavation
of the southern tunnel tube from the eastern portal. These
sections with least favourable conditions are characterised

Fotolphoto courtesy of ARCADIS CZ a.s.
Obr. 7 Razba v prostiedi silné az zcela zvétralych slinovciu a piskovei — vystro-
Jovaci trida VT 6.3 s délkou zdbéru 1 m
Fig. 7 Tunnelling through the environment formed by heavily to completely
weathered marlite and sandstone — excavation support class VT6.3 with the
excavation round length of 1m
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Fotolphoto courte:
Obr. 8 RaZba v prostiedi stiedné aZ slabé zvétralych piskovcu a slinovcu —
vystrojovaci tiida VT 5.1 s délkou zdbéru 1,7 m
Fig. 8 Tunnelling through the environment formed by medium to weakly
weathered sandstone and marlite — excavation support class VT5.1 with the
excavation round length of 1.7m

Vystrojovaci tiidy 5.1 a 5.2 byly pouzité zejména pri razbé
dlouhého dseku v zdpadni &asti tunelu s relativné nizkym horni-
novym nadloZim (do 10-15 m). V profilu vyrubu zde byly zasti-
7ené prevazné stridajici se polohy stredné az slabé zvétralych pis-
kovcu, prachovcet a jilovel, s pomérné priznivou orientaci vrs-
tevnich ploch, jen s lokdlnim a omezenym tektonickym poruse-
nim a pritoky podzemni vody (obr. 8). Tyto vystrojovaci tfidy pak
byly v mensi mife vyuzity i pfi raZbé obou tunelovych trub ze
stfedové jamy smérem na vychod a pfi razbe jizni tunelové trou-
by z vychodniho portédlu. V téchto tsecich byly v profilu vyrubu
zastizeny jednak stiedné aZ silné€ zvétralé a tektonicky porusené
polohy slinitych slepenci s Castymi polohami piskovca
a slinovca, piipadné polohy slabé zvétralych slinoveu a piskoveu
s nepriznivou orientaci vrstevnich ploch a intenzivnimi pritoky
podzemni vody.

Vystrojovaci tfida 4.2 byla vyuzZita predev§im pri razbé obou
tunelovych trub ze stfedni jdmy smérem na vychod, kde byly raz-
bou zastizeny polohy stfedné aZ slab€ zvétralych slepencu
s jilovito-slinitym tmelem, s nepravidelnymi polohami slabé zvét-
ralych piskovcu a slinoven, s jen lokdlnim tektonickym poruse-
nim a slabymi pritoky podzemni vody (obr. 9), ptipadné i polohy
silnéji zvétralych a porusenych slepencu s tmelem vapnito-pisci-
tym. V mensi mife pak byla tato tiida vyuZita i pfi raZzbé obou
tunelovych trub zhruba ve stredni ¢asti Useku mezi zdpadnim por-
talem a stfedovou jamou v oblasti pfechodu vrstevniho sledu sli-
novcu a piskoveu do poloh slinitych a vdpnito-pis¢itych slepencu.

Nejleh¢i vystrojovaci tiida 4.1 byla vyuZita zejména v tseku
razby obou tunelovych trub ze stfedni jadmy smérem na zdpad, kde
byly v profilu vyrubu zastizeny vyhradné masivni a homogenn{
slabé zvétrané a neporusené slepence s vapnito-pisCitym tmelem se
stredni aZ vysokou pevnosti (obr. 10). Tato vystrojovaci trida pak
byla Caste¢né vyuzita i pti razbé obou tunelovych trub ze stredové
jamy smérem na vychod v dsecich s vyskytem slabé zvétralych sle-
pencu s jilovito-slinitym tmelem bez vyznamného tektonického
poruseni, poloh slinovct a piskoved, i pritoku podzemni vody.

Podrobny popis i predpoklddané zastoupeni jednotlivych
vystrojovacich tiid NRTM podle realizaéni dokumentace jsou uve-
deny v Casopisu Tunel 3/2015 (Marik, 2015). Ve srovnani
s predpoklady pruzkumnych praci bylo v doposud vyraZeném dseku
tunelu ve vétsi mite vyuzito leh¢ich tiid s mensim poctem vystrojo-
vacich prvki a del§im zdbérem. Tato skuteCnost byla ovlivnéna
predev§im omezenéj$im rozsahem vyraznéjSich tektonickych
poruch, mensim vyskytem intenzivnich piftoki podzemni vody
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mainly by very low overburden and the existence of heavily to
completely weathered rock inside the excavation profile, up to
the character of soil in the top heading, passing slowly to the
overlaying Quaternary deposits (see Fig. 7).

Excavation support classes 5.1 and 5.2 were used mainly
during the excavation of the long section in the western part of
the tunnel with relatively shallow overburden (up to 10 —
15m). Mostly alternating layers of moderately to weakly weat-
hered sandstone, siltstone and mudstone with a relatively
favourable trend of bedding planes and only local and limited
tectonic disturbance and groundwater inflows were encounte-
red inside the excavation profile in this location (see Fig. 8).
These excavation support classes were used to a smaller extent
even during the course of the excavation of both tunnel tubes
from the mid-point construction pit to the east and during the
excavation of the southern tunnel tube from the eastern portal.
Medium to heavily weathered and tectonically disturbed layers
of marlaceous conglomerates with frequent sandstone and
marlite layers or layers of weakly weathered marlite and sand-
stone with an unfavourable trend of bedding planes and inten-
se groundwater inflows were encountered inside the excavati-
on profile in these sections.

Excavation support class 4.2 was used mostly during the
excavation of both tunnel tubes from the mid-point excavation
pit to the east, where the excavation encountered layers of
medium to weakly weathered conglomerates with clayey-mar-
lite cement, with irregular layers of weakly weathered sand-
stone and marlite, only locally tectonically disturbed, and
weak inflows groundwater (see Fig. 9), eventually also layers
of more heavily weathered and disturbed conglomerates with
calcareous-sandy cement. This class was used to a smaller
extent during the course of the excavation of both tunnel tubes
approximately in the middle part of the section between the
western portal and the mid-point pit in the area of the transiti-
on of the sequence of marlite and sandstone beds to marly and
calcareous-sandy conglomerates.

The easiest excavation support class 4.1 was used mainly in
the section of excavation of both tunnel tubes from the mid-
point pit to the west, where only massive and homogeneous,
weakly weathered and undisturbed conglomerates with calca-
reous-sandy cement with medium to high strength were
encountered inside the excavation profile (see Fig. 10). This
excavation support class was partially used even during the
excavation of both tunnel tubes from the mid-point pit to east
in the sections where weakly weathered conglomerates with
clayey-marly cement without significant tectonic disturbance,
layers of marlite and sandstone and groundwater inflows were
encountered.

A detailed description and assumed representation of indivi-
dual NATM excavation support classes is presented in TUNEL
journal issue 3/2015 (Marik, L). In comparison with assumpti-
ons of surveys, lighter classes with a smaller number of sup-
port elements and longer excavation round lengths were used
in the tunnel section excavated till now. This fact has been
affected first of all by the more limited extent of more signifi-
cant tectonic disturbances, a smaller occurrence of intense
groundwater inflows and more favourable deformational beha-
viour of the ground mass.

Comprehensive monitoring of ground mass response to
excavation and its interaction with a primary lining is carried
out at several main measurement stations installed in characte-
ristic excavation sections specified by the overburden thick-
ness, geotechnical conditions or the excavation profile. In
addition to standard convergence measurements following the
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Obr. 9 Razba v prostredi slabé zvétralych slinitych slepencu a jemnozrnnych
piskovci aZ prachovci — vystrojovaci tfida VT 4.2 s délkou zdbéru 2,2 m
Fig. 9 Tunnelling through the environment formed by weakly weathered
marly conglomerates and fine-grained sandstone to siltstone — excavation
support class VT4.2 with the excavation round length of 2.2m

i pfiznivejsim deformacnim chovanim horninového masivu.

Komplexni sledovdni odezvy horninového masivu na razbu
i jeho interakce s primdrnim osténim je provadéno na nékolika
hlavnich méfi¢skych profilech, které jsou umistény do charakte-
ristickych tseka razeb specifikovanych mocnosti nadloZi, geo-
technickymi podminkami nebo profilem vyrubu. Kromé stan-
dardniho konvergen¢niho méfeni sledujiciho deformace zajisté-
ného lice vyrubu jsou na téchto profilech v tunelu osazovany radi-
alni extenzometrické vrty pro zhodnoceni dosahu deformacni
oblasti kolem vyrubu a tlakové podusky sledujici napéti
v primédrnim osténi i tlak horniny na osténi. V pfipadé dseku razeb
s niz§im nadloZim jsou pak deformace horninového masivu
v prostoru poklesové kotliny sledovdny pomoci inklinodeforme-
trickych vrti a nivelanitho méfeni povrchu terénu. Vystupy
mereni na téchto sdruzenych profilech slouzi zejména k ovéren{
geotechnického modelu systému ,,tunel-hornina“ a jsou také jed-
nim z podkladt pro ndvrh sekunddrniho osténi.

Vliv geotechnickych podminek razby na pretvareni horninové-
ho masivu a interakci s primarnim osténim byl velmi dobre pozo-
rovdn napriklad na hlavnim méfi¢ském profilu HMP2 umisténym
zhruba 200 m od zapadniho portélu tunelu. V misté tohoto profi-
lu bylo razbou severni tunelové trouby zastiZeno vyznamné poru-
chové pasmo predstavujici horsi geotechnickou kvalitu masivu.
Razba jizni tunelové trouby naopak prochdzela horninovym pro-
stfedim v podobé stiidajicich se poloh piskovcu a slinovcu bez
vyrazného poruSeni. Rozdily mezi podminkami razby jednotli-
vych tunelovych trub pak byly zachycené vysledky vSech pouZzi-
tych metod monitoringu — deformace primarniho osténi, napeti
v primdrnim osténi, tlak horniny na primarni osténi, dosah roz-
volnéné z6ny horniny nad tunelem nebo seddni povrchu terénu
(obr. 11).

ZAVER

V prubéhu dosavadni vystavby tunelu Povazsky Chlmec nové-
ho dseku délnice D3 Zilina (StrdZov) — Zilina (Brodno) bylo
v pifpadé hloubenych objektl i samotnych raZeb ndzorné ukaza-
no, ze vyznam geotechnického monitoringu a inZenyrsko-
geologické dokumentace spocivd predev§im v umozZnéni jejich
maximalni adaptace na skute¢né zastizené geotechnické podmin-
ky a souvisejici interakci stavebnich konstrukei s okolnfm horni-
novym prostredim. Tato optimalizace vystavby se ve vysledku
projevi jak zvySenim celkové bezpecnosti a sniZzenim geotechnic-
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Fotolphoto courtesy of ARCADIS CZ a.s.
Obr. 10 Razba v prostredi masivnich vdpnito-piscitych slepencu vysoké pev-
nosti — vystrojovaci tiida VT 4.1 bez pouZiti vyztuzného ramu s délkou zdbé-
ru3m

Fig. 10 Tunnelling through the environment formed by massive high-
strength calcareous-sandy conglomerates — excavation support class VT4.1
without using support frames, with the excavation round length of 3m

deformations of the supported surface of the excavated ope-
ning, radial extensometer boreholes for assessing the reach of
the deformational area around the excavation and pressure
cells following the stress in the primary lining and pressure on
the lining are installed in these stations. In the case of the
excavation of sections with lower overburden, ground mass
deformations inside the settlement trough are monitored by
means of inclinodeformeter boreholes and levelling of the ter-
rain surface. Outputs of measurements at these combined sta-
tions are used in particular for verifying the “tunnel-ground-
system” geotechnical model and are also one of source docu-
ments for the design of the secondary lining.

The influence of geotechnical excavation conditions on the
deformation of ground mass and the interaction with the pri-
mary lining was very well observed, for example, at the main
measurement station HMP2, which is located approximately
200m from the western portal of the tunnel. A significant fault
zone representing worse quality of the mass was encountered
by the excavation of the northern tunnel tube in the location of
this station. In the contrary, the excavation of the southern tun-
nel tube passed through ground environment in the form of
alternating layers of sandstone and marlite without significant
disturbance. Differences between excavation conditions for
individual tunnel tubes were registered by the results of all
monitoring methods applied — deformations of the primary
lining, stress in the primary lining, ground pressure on the pri-
mary lining, the reach of the loosened zone of ground above
the tunnel or the settlement of the terrain surface (see Fig. 11).

CONCLUSION

It has been clearly proved during the course of the tunnel
construction of the Povazsky Chlmec tunnel construction com-
pleted till now on the new Zilina (Strazov) — Zilina (Brodno)
section of the D3 motorway in the case of cut-and-cover struc-
tures and tunnelling operations themselves that the importance
of geotechnical monitoring and engineering geological docu-
mentation lies primarily in enabling maximum adaptation of
the excavation to actually encountered geotechnical conditions
and the related interaction of structures with surrounding
ground environment. This construction optimisation manifests
itself in the result both by improved overall safety and reduced
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Obr. 11 Vysledky geotechnického méreni na profilu HMP2 v oblasti s odlisnymi geotechnickymi podminkami razby jednotlivych tunelovych trub po pruchodu kaloty
Fig. 11 Results of geotechnical measurement in HMP2 station in an area with different geotechnical excavation conditions in individual tunnel tubes after the

passage of the top heading

kych rizik, tak zejména urychlenim postupu praci a sniZenim
jejich nékladu. Pifnos geotechnického monitoringu k optimalizaci
vystavby je v pripadé tunelu Povazsky Chlmec i okolnich objek-
td nového dseku ddlnice D3 navic umocnén skute&nosti, Ze reali-
zace probihd podle zluté knihy FIDIC. Pri hodnoceni dosavadni-
ho prubéhu vystavby lIze s potéSenim konstatovat, Ze efektivni
vyuZiti vystupu geotechnického monitoringu je umoZnéno zejmé-
na diky uzké a operativni spoluprdci geologa, geotechnika, pro-
jektanta a zhotovitele stavby.
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TUNEL TURECKY VRCH - SANACIA KRASOVYCH JAVOV
TURECKY VRCH RAILWAY TUNNEL - TREATMENT OF KARST AREA

TOMAS MOLCAN, FRANTISEK TETAK

ABSTRAKT

Zelezni¢ny tunel Turecky vrch bol realizovany v obdobi IX/2009 az 1V/2013 ako siicast modernizdcie Zeleznicnej trate Nové
Mesto nad Vdahom — Pichov, Zkm 100,500-159,100 pre tratovi rychlost do 160 km/h. Tunel prekondva masiv Tureckého vrchu,
ktory je v prevaznej miere budovany pevnymi dolomitmi a vdpencami. Pocas prdc geotechnického monitoringu bol zaznamenany
vyskyt krasovych javov. Predkladany ¢ldanok poukazuje na prdce sivisiace s dokumentdciou a zmapovanim krasovych javov v dne

tunelovej riiry a sposoby ich sandcie.

ABSTRACT

The Turecky Vrch railway tunnel was realised in the period of time 9/2009 — 4/2013 as a part of upgrading the Nové Mesto Nad
Vdahom — Piichov railway track, track chainage km 100.500 — 159.100, for speed limit over the track of 160km/h. The tunnel over-
comes the Turecky Vrch hill massif, which is largely formed by massive dolomites and limestone. The occurrence of karst pheno-
mena was registered during the course of the work on geotechnical monitoring. The submitted paper points out work associated
with the documentation and mapping of karst phenomena at the tunnel tube bottom and ways of treating the area.

KRASOVE JAVY ZAZNAMENANE POCAS
INZINIERSKOGEOLOGICKEHO PRIESKUMU

Masiv Tureckého vrchu je budovany mezozoickymi horninami
hronika, pricom v jeho juZnej Casti maji prevahu wettersteinské
vépence, strednd Cast’je tvorend prevazne dolomitmi a severny usek
je opét budovany vdpencami. Na uvedené horninové suvrstvia sd
v okoli Nového Mesta nad Vdhom viazané rozne krasové ttvary.
Z uvedeného dovodu sa krasovym javom venovala zvySend pozor-
nost'uz pocas inZinierskogeologického prieskumu pre tunel Turecky
vrch. Zdokumentované krasové javy v oblasti juZného portédlu boli
viazané na obnaZeny skalny podklad, kde sa nachddzalo mnoZstvo
Skrdp v réznom stupni vyvoja. ISlo tu predovSetkym o korozivny typ
krasu, ktory bol viazany na priebeZné systémy diskontinuit. Zistené
chové fenomény overené vrtmi VT-1 a VI-2. Vo vrte VT-1 boli nara-
zené tri vyznamnejSie kaverny v hibkach 56,1-56,7 m, 61 4-622 m
a 97,5-99,2 m. Vo vrte VI-2 bola v hibke 94,2-98.9 m zdokumen-
tovand kaverna vysky az 4,7 m. VSetky navrtané kaverny boli vypl-
nené Cervenohnedym pies¢itym morskym flom.

V zdveroch inZinierskogeologického prieskumu sa upozornuje na
zvySend moznost’ vyskytu krasovych javov v drovni tunelovej rury,
a to hlavne v dusekoch budovanych vadpencami.

KARST PHENOMENA REGISTERED DURING
ENGINEERING GEOLOGICAL SURVEY

The Turecky Vrch massif is formed by Mesozoic rock types of the
Hronicum unit, where Wetterstein limestone prevails in the southern
part, the central part is formed mostly by dolomite and the northern sec-
tion is again formed by limestone. Various karst phenomena are bound
to the above-mentioned rock strata around Nové Mesto Nad Vihom.
For the above-mentioned reason the karst phenomena were paid incre-
ased attention as early as during the engineering geological survey for
the Turecky Vrch tunnel. The karst phenomena documented in the area
of the southern portal were bound to the exposed bedrock, where lots of
karren at various degrees of development were found. It was primarily
the corrosive type of karst, which was bound to systems of persistent
discontinuities. There were detected both smaller and greater sinkholes
there. Subsurface karst phenomena on the tunnel alignment were veri-
fied by boreholes VI-1 and VT-2. Three more significant caverns were
detected at the depths of 56.1-56.7m, 61.4-62.2m and 97.5-99.2m in
borehole VT-1. A cavern up to 4.7m high was documented at the depth
of 94.2-98.9m in borehole VT-2. All caverns encountered by the bore-
holes were filled with russet sandy marine clay.

V tsekoch budovanych dolomitmi sa predpokladalo, ze
skrasovatenie moze byt viazané najmid na tektonicky
porusené zony. Tiez bolo upozornené na skutocnost, Ze
krasové javy mozu byt sprevddzané zvySenymi pritok-
vych minerdlov pritomnych vo vyplni kaverien.

Na zédklade uvedenych zdverov bola tejto problemati-
ke venovana zvySend pozornost'i pocas razenia tunelo-
vej riry a sandcia krasovych javov bola vyclenend ako
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Obr. 1 Lokalizdcia tunela Turecky vrch
Fig. 1 Location of Turecky Vrch tunnel
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Obr. 2 Vrstva sintru na okraji krasovej kaverny v staniceni 321,8 tm
Fig. 2 Sinter layer on the edge of the karst cavern at tunnel chainage m 321.8

od juzného portélu po stanicenie cca 290 tm. Kaverny zasahovali az
pod dno tunelovej riry, Sirka bola premenlivd, od cca 0,3 az do 1,5 m.
Vyplii bola ilovito piesCitd okrovohnedej aZ Eervenohnedej farby
a lokalne boli pritomné i povlaky sintrov (obr. 2). Miestami v nej boli
zistené obliaky tvorené granitoidnymi horninami, ¢o svedci
o otvorenom systéme puklin komunikujicim s vaZskym ddolim.

V dvoch dsekoch, v stani¢eni 1590,5 tm a v stani¢eni 1587,8 tm (obr. 3)
v smere od severného portdlu bol zaznamenany vyskyt otvorenych, nevy-
plnenych kaverien, resp. ,,jaskynnych priestorov** nepravidelného tvaru.

Najvyznamnejsim fenoménom poukazujicim na krasovatenie
masivu Tureckého vrchu bola velkd kaverna, resp. jaskynny priestor
v useku 1483,6 tm az 1496.5 tm. Zachytend bola v jedendstich cel-
bach. Pozorovand dizka kaverny bola 15 m, jej maximdlna Sirka
10 m a vySka presahovala 9 m. Dno kaverny bolo zaloZené najmi na
puklindch vrstevnatosti s prevlddajicim smerom 160/30°.
Predispoziciou pre steny boli pukliny zlomov predovsetkym
s orientdciou 170/80° a 210/40°. Vypln tvorili bloky, brekcie
a piesky vylucne z karbonatov, ktoré tvoria masiv Tureckého vrchu.
Na dne kaverny vystupovali karbondtové brekcie. Nad nimi prevladali
vyrazne laminované piesky. Vo vysSej asti kaverny boli padnuté bloky
zo stien kaverny a v laminovanych pieskoch erdzia Vyhibila koryto

\*:-._““‘3:-:_ laminované piesky, erézne plochy / laminated sand, erosion surface
piescité brekcie a piesok s kamefimi a balvanmi
sandy breccia and sand with stones a boulders

dolomity a vapence / dolomites and limestones

zelené a sivé flovce/ green and gray claystones MERADLO / SCALE

21 | SKlON Zlomov a vrstiev
205°/40° | inclination of faults and layering

Obr. 4 Interpretdcia kaverny vo vertikdlnom reze osou tunela
Fig. 4 Interpretation of a cavern in a vertical section through the tunnel
centre line

Obr. 3 Otvorend krasovd dutina v dne kaloty v staniceni 15878 tm
Fig. 3 Open karst cavity at the top heading bottom at tunnel chainage m 1587.8

In the conclusions of the engineering geological survey draws atten-
tion to the increased possibility of the occurrence of karst phenomena
at the tunnel tube level, mainly in the sections formed by limestone. In
the sections formed by dolomite, it was expected that karstification
could be bound mainly to tectonically faulted zones. In addition, the
fact was pointed out that karst phenomena could be accompanied by
increased groundwater inflows and occurrence of a greater amount of
clayey materials present in the fill of caverns.

On the basis of these conclusions, the above-mentioned problems
were paid increased attention even during the course of the tunnel
excavation and the treatment of karst phenomena was earmarked as
a separate construction object.

KARST PHENOMENA DETECTED DURING
THE EXCAVATION OF THE TUNNEL TUBE WITHIN
THE FRAMEWORK OF GEOTECHNICAL MONITORING

The occurrence of karst phenomena was confirmed during the work
on the continual geological documentation. They comprised first of all
caverns bound to systems of transverse and longitudinal faults in
Wetterstein limestone. Most manifestations of karstification were iden-
tified in the section from the southern portal to tunnel chainage m ca
290m. Caverns reached as far as under the tunnel tube bottom; the width
was variable, ranging from 0.3 up to 1.5m. The fill was clayey-sandy,
ochre-brown; even sinter coats were locally present (see Fig. 2). Pebbles
formed by granitoid rock types were encountered in some places in the
fill. This fact suggests that the system of fissures is open, communica-
ting with the Véh river valley.

The occurrence of open caverns without fill, or irregular geometry
“cave spaces”, was detected in two sections, at tunnel chainage m 1590.5
and 1587.8, viewed in the direction from the northern portal (see Fig. 3).

The most important phenomenon pointing out the karstification of
the Turecky Vrch massif was a large cavern, or a cave space, in the sec-
tion between tunnel chainage metres 1483.6 and 1496.5. It was detec-
ted at eleven headings. The identified length of the cave was 15m, the
maximum width was 10m and the height exceeded 9m. The cavern
bottom rested mainly on bedding planes with 160/30° prevailing trend.

Predisposition for walls lied in fault fissures with predominated trends
170/80° and 210/40°. The fill was formed by blocks, breccias, and sands,
exclusively from the carbonates forming the Turecky Vrch massif.
Carbonate breccias stood out at the cavern bottom. Significantly laminated
sands prevailed above them. Blocks fallen from the walls were in the hig-
her part of the cavern; erosion dug a trough in the laminated sands, which
was subsequently also filled with sand (see Figures 4 and 5). The rock was
only partially litificated (it could be ripped with a finger). Sinter coats were
observed in the cavern only at one place. No drips were observed in situ or
in fragments. The cavern fill was paid special attention because of the
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Obr. 5 Priklady Celieb v staniceni 1486,1 tm a 1490,5 tm
Fig. 5 Examples of headings at tunnel chainage m 1486.1 and 1490.5

neskdr tieZ vyplnené pieskami (obr. 4, 5). Hornina bola len Ciastocne
litifikovana (dala sa rypat prstom). Sintrové povlaky boli v kaverne
pozorované len na jednom mieste. Neboli pozorované Ziadne kvaple
ani in situ ani v dlomkoch. Kvéli stazenym podmienkam razenia bola
vyplni kaverny venovand zvySend pozornost (obr. 6). Vdaka tomu
bola skrdtend dlzka zdberu na 1 az 1,5 m. Podrobnejsie vypln a gené-
zu tejto kaverny opisal Tetik (in press).

Na zdklade uvedenych skutocnosti vznikol predpoklad, Ze doku-
mentované kaverny a krasové javy maju dosah az pod dno tunelovej
rdry, resp. pod troven pevnej jazdnej drahy. O uvedenej skuto¢nos-
ti bol obozndameny projektant stavby. Po vzdjomnej dohode medzi
zdstupcami geotechnického monitoringu, projektanta, zhotovitela
a stavebného dozoru bol vypracovany ndvrh sandcie krasovych
javov, ktory bol ndsledne schvdleny a realizovany.

IDENTIFIKACIA A SPOSOB SANACIE KRASOVYCH JAVOV

Projektant navrhol variantny spdsob sanécie krasovych javov, a to
jednak podla ich rozsahu, a tieZz podla situovania vzhladom
k tunelovej rire.

Identifikacia krasovych javov pod dnom tunelovej rtiry

Zvlastnu pozornost si vyziadala sandcia moznych krasovych javov
v tirovni cca 2-5 m pod troviou dna tunelove;j riiry, resp. pevnej jazdnej
drahy. Na zistenie pritomnosti krasovych javov v uvedenej trovni bola
zvolend geofyzikdlna metdda georadarového merania. Princip uvedené-
ho merania spoc¢iva vo vysielani vysokofrekvencného elektromagnetic-
kého impulzu a jeho odrazu v miestach zmeny horninového prostredia,
ktory sa potom spétne zachyti na pripojenti aparattiru. Merania sa vyko-
ndvali v piatich pozdlZnych rovnobeZnych profiloch v troch etapich, pre
juzny dusek, stredny Usek a severny usek tunelovej rdry (obr. 7).
Vysledkom merani boli pddorysné rezy v réznych hlbkovych trovniach,
v ktorych boli zaznamenané miesta s tektonickym poruSenim
a predpokladom vyskytu kaverien (obr. 8). V tychto miestach boli ndsled-
ne navrhnuté overovacie (injektdzne) vrty aj s ich pozadovanou hlbkou.

Vsetky vrty boli zdokumentované, pricom sa hlavne zaznamena-
vala pritomnost’ kaverien, tektonicky poruSenych udsekov, ilovitd
vyplii, vynos jadra a RQD. Celkovo bolo odvitanych 62 vrtov cel-
kovej dlzky 278,9 m. Prehlad realizovanych vrtov pre jednotlivé
etapy je v tabulke 1.

Nasledne prebehlo injektovanie kaverien a poruchovych zén pod
dnom tunelovej riry prostrednictvom injektdznych vrtov. Celkovo
bolo na injektovanie pouZzitych 22 642 litrov injektaznej zmesi.

Sanacia krasovych javov v dne tunelovej riry

Sposob sandcie krasovych javov v dne tunelovej riry bol navrhnu-
ty vzhladom na ich rozsah a priebeh. Na zdklade zisteného charakteru
krasovych javov, resp. tektonického poruSenia pocas geologickej

difficult conditions (see Fig. 6). Owing to this fact the excavation round
length was reduced to 1m — 1.5m. The fill and genesis of this cavern
were in more detail described by Tetik (in press).

An assumption originated on the basis of the above-mentioned facts
that the documented caverns and karst phenomena reach even under
the bottom of the tunnel tube, or under the level of the slab track. This
fact was announced to the construction designer. After a mutual agre-
ement between representatives of geotechnical monitoring, the desig-
ner, the contractor and construction supervision, a design was carried
out for the treatment of karst phenomena, which was subsequently app-
roved and realised.

IDENTIFICATION AND METHOD OF TREATMENT
OF KARST PHENOMENA

The designer proposed a variant method of the treatment of karst
phenomena, according to their extent and according to the position
relative to the tunnel tube.

Identification of karst phenomena under
the tunnel tube bottom

The treatment of possible karst phenomena at the level of ca 2-5m
under the tunnel tube bottom, or under the slab track, required special
attention. The geophysical measurement method using the ground
penetration radar was selected for the identification of the presence of
karst phenomena at the above-mentioned level. The principle of this
measurement lies in transmitting a high-frequency electromagnetic
impulse and its reflection from the locations of changes in the rock

Obr. 6 Pieskovd a brekciovd vyplii kaverny (1486,1 m, SK-188); v hornej Casti
Je zretelhd laminovand vyplii po erdzii, v prostrednej Casti vyénieva kamenny blok
Fig. 6 Sandy and breccia fill of a cavern (1486.1m, SK-188); laminated
filling after erosion is obvious at the top; a carbonate block protrudes in the
middle part
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Tab. 1 Prehlad overovacich — injektdznych vrtov pre jednotlivé etapy
Table 1 Overview of check injection boreholes for each stage
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environment, which is subsequ-
ently captured back on a con-
nected apparatus. The measure-

Etapa Usek (tm) Pocet vrtov Celkova dizka Vrty s overenymi Vrty ments were conducted in_ five
(m) kavernami s predpokladanymi o . .

kavernami longitudinal parallel profiles at
. . . three stages, for the southern sec-

Stage Section (tunnel  Number of Total length Boreholes with Boreholes with . . .
X . tion, middle section and northern

chainage m) borehole (m) verified caverns assumed caverns ;
section of the tunnel tube (see
. 120 - 535 31 137,5 6 8 Flg 7) The r'esult of .the measu-
rements provided horizontal sec-
ts provided h tal

Il. 1098 — 1669 16 68,9 2 3 tions at various levels of depth at
" 520 — 1109 15 795 7 which locations with tectonic

dokumenticie kaloty a stupna tunelovej riry bolo porusenie hornino-
vého masivu rozdelené na 4 typy:

L typ — jednotlivé poruchy mocnosti do 20 cm s vypliiou ilovito-
piescitou;

IL. typ — systém portich mocnosti do 20 cm so vzdialenostou cca
0,5-1 m, v okoli s poruSenym — rozpukanym materidlom;

III. typ — jednotlivé poruchy mocnosti do 0,8—1 m s vypliou ilo-
vito-piescitou;

IV. typ — jednotlivé poruchy mocnosti nad 1 m s vyplnou flovito-
piescitou.

Projektant potom navrhol spdsob sandcie pre jednotlivé typy poru-
Senia. . az III. typ bol sanovany tzv. premostenim, horninovy masiv
sa v blizkosti poruchy a poruchovej zény mechanicky rozrusil do
hibky cca 0,3 m a do uvolneného priestoru sa vlozila KARI sietovina
tak, aby bola kaverna, resp. porucha prekrytd a siet' ulozend na zdra-
vom horninovom materidli. Cely priestor sa vyplnil liatym beténom.
Typ IV a dseky s pocetnym vyskytom kaverien, resp. tektonickych
portich boli sanované vybudovanim protiklenby a ndsledne vyplnenim
liatym beténom (obr. 9). Takymto spdsobom boli upravené bloky
v stani¢eni 0 aZ 100 tm, 150 az 200 tm, 240 aZ 290 tm a 380 az 390
tm v smere od juzného portdlu.

Fig. 7 Georadiolocation survey carried out at the tunnel tube bottom

faults, thus locations where the
existence of caverns was assu-
med, were registered (see Fig. 8). Verification (grouting) boreholes and
their required depths were subsequently proposed for these locations.

All boreholes were documented. The presence of caverns, tectoni-
cally faulted sections, clayey filling, core recovery and the RGD were
the main recorded items. In total, 62 boreholes were carried out at the
total length of 278.9m. The summary of the boreholes realised for indi-
vidual stages is presented in Table 1.

Subsequently, grout was injected into the caverns and fault zones
under the tunnel tube bottom through grouting boreholes. The total of
22,642 litres of grouting mixture were used for the grouting.

Treatment of karst phenomena under the tunnel tube bottom

The method of the treatment of karst phenomena under the tunnel
tube bottom was proposed taking into consideration their extent and
course. The faulting of the rock massif was divided into the following
4 types on the basis of the character of the karst phenomena, or tecto-
nic faulting, determined during the geological documentation of the
top heading and bench of the tunnel tube:

Type I — individual faults up to 20cm high, with clayey-sandy fill;

Type II - system of faults up to 20cm high, with the spacing of ca
0.5-1m, with disturbed — fractured material around it;

Type III - individual faults up to 0.8-1m high, with clayey-sandy filling;

Type IV — individual faults over 1m high, with clayey-sandy infill.

The designer subsequently proposed the method of treating indivi-
dual faulting types. Types I to III were treated by the so-called brid-
ging; the rock mass was mechanically disintegrated in the vicinity of
the fault and fault zone to the depth of ca 0.3m and KARI mesh was
placed into the emptied space so that the cavern or fault was covered
over and the mesh lay on a sound rock material. The whole space was
filled with cast concrete. Type IV and sections with numerous caverns
or tectonic faults were treated by carrying out an inverted arch and sub-
sequent filling it with cast concrete (see Fig. 8). The blocks at chaina-
gem 0 - 100, 150 — 200,240 — 290 and 380 — 390 in the direction from
the southern portal were treated in this way.

h R T

Obr. 9 Kaverna vyplnend ilovitou vypliiou v dne tunelovej riiry (280 aZ 290 tm)
Fig. 9 Cavern filled with clay at the tunnel tube bottom (tunnel chainage
m 280 to 290)
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horizontalne rezy s izoliniami velkosti amplitidy odrazeného
georadarového signalu v réznych hibkovych trovnich

horizontal sections with isolines of the amplitude of the
reflected signal at various depth levels

georadarom merany profil s oznacenim
profile measured with a ground penetrating radar with marking
navrhnuté pozicia vrtov (oznaéenie/hibka (m)) na overenie
georadarovych anomalii s moznou detekciou krasovych javov
@2, proposed locations of boreholes (marking/depth (m)) for the
verification of georadar anomalies with the possible detection
of karst phenomena

e tunelova metraz od juzného portalu
tunnel chainage metres from the southern portal

dopravné stanicenie - traffic chainage
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Obr. 8 Priklad interpretdcie georadarového merania
Fig. 8 Example of the interpretation of georadiolocation measurement

Sanacia krasovych javov v predportalovom zareze
(zarubnej stene)

Poslednym typom sandcie krasovych javov bola sandcia otvore-
nych dutin a kaverien zistenych pri dokumentacii odkopov zdrubnej
steny v oblasti juzného portdlu. Jednotlivé kaverny a dutiny boli
z povrchu cez zistené otvory zainjektované. Celkovo bolo na sana-
ciu pouzitych 1802 litrov injektdZnej zmesi.

ZAVER

Tunelové stavby razené v prostredi karbondtovych hornin, predov-
Setkym vapencov, mozZu byt Casto sprevadzané pritomnostou kraso-
vych javov. Uvedené sposoby diagnostikovania priebehu krasovych
javov a ich dokumentdcia a sandcia su prikladom toho ako mozno
uvedené problémy spojené s pritomnostou krasovych javov riesit’a tak
zabezpelit'bezpecnu a plynuld vystavbu i v problémovych tzemiach.

RNDr. TOMAS MOLC'AN, tommolcan@gmail.com,
Mgr. FRANTISEK TETAK, Ph.D., frantisek.tetak@gmail.com,
GEOFOS, s.ro.

Recenzovali | Reviewed: doc. RNDr. Miloslav Kopecky, Ph.D.,
Ing. Branisalv Neuschl
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Treatment of karst phenomena in the pre-portal trench (the
soldier beam and lagging wall)

The last type of the treatment of karst phenomena was the treatment
of open cavities and caverns detected during the documentation of the
cutting of slope at the soldier beam and lagging wall in the area of the
southern portal. Grout was injected to individual caverns and cavities
from the surface, through identified openings. The total of 1802 litres
of grout was used for the treatment.

CONCLUSION

Tunnel structures excavated through an environment formed by car-
bonate rock types, first of all limestone, can often be accompanied by
the presence of karst phenomena. The above-mentioned methods of
diagnosing the course of karst phenomena, their documentation and
treatment are examples how the above-mentioned problems associated
with the presence of karst phenomena can be solved to ensure safe and
fluent construction even in problematic areas.
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GEOTECHNICKY MONITORING PRO CAST STOKY CO3
RAZENOU MIKROTUNELOVANIM POD KRALOVSKOU
ZAHRADOU PRAZSKEHO HRADU

GEOTECHNICAL MONITORING FOR THE PART OF SEWER CO3
DRIVEN UNDER KRALOVSKA ZAHRADA GARDEN OF PRAGUE
CASTLE USING MICROTUNNELLING

LIBOR SILA, PAVEL TUMA, RADOVAN CHMELAR

ABSTRAKT

Odlehcovact stoka CO3 byla ve své 3. ¢dsti raZend pod Krdlovskou zahradou PraZského hradu pomoci mikrotunelovdni (ben-
tonitovym §titem malého priméru). Zminény zpisob razby byl vybrdn z duvodu poZadavku Sprdvy PraZského hradu (SPH), pod
jejimiz pozemky a objekty je vyse uvedend cCdst stoky vedena. Tyto poZadavky byly vyvoldny obavami z poklesu hladiny podzemni
vody a tim moZného ohroZeni cenné vegetace v Krdlovské zahradé. Nedestruktivni technologie razby byla poZadovdna z diivodu
mozného vlivu na historické objekty, a to pusobenim seizmickych ucinku a moznych ndslednych poklesii terénu, zpiisobenych sedd-
nim nadloZi Stoly pri delSim casu realizace konvencnim raZenim. Prispévek shrnuje vysledky a zkuSenosti ziskané z geotechnické-
ho monitoringu, ktery probihal v blizkosti pamdtkové chrdnénych objektii (Letohrddek krdlovny Anny, Velkd mi¢ovna).

ABSTRACT

The 374 part of the relief sewer CO3 was driven under Krdlovskd Zahrada (Royal Garden) of Prague Castle using a microtun-
nelling technique (a small-diameter slurry shield). The above-mentioned excavation technique was selected with respect to requ-
irements of the Prague Castle Administration (PCA).The above-mentioned part of the sewer runs under the castle land. These
requirements were invoked by fears of a drop of water table, thus possible endangering of valuable vegetation in Krdlovskd
Zahrada Garden. The non-destructive tunnelling technique was required because of the possible impact on historic buildings due
to the action of seismic effects and possible subsequent settlement of terrain surface caused by the settlement of the gallery over-
burden if the period of the realisation using conventional excavation was longer. The paper summarises results obtained from the
geotechnical monitoring which was carried out in the vicinity of listed buildings (Letohrddek Krdlovny Anny — Royal Summer

Palace, Velkd Micovna — Ball Game Hall).

uvoD

Odlehcovaci stoka CO3 byla realizovdana v rdmci stavby
¢. 0065 Strahovsky tunel (2. stavba), kterd je nyni dvodni ¢asti
tunelového komplexu Blanka, navazujici na mimotdroviovou
krizovatku Malovanka.

Tato stoka o celkové délce 1355 m je rozsahem nejvétsi
razeny objekt prelozek inZenyrskych siti v rdmci zminéné
stavby a souasné je findlnim objektem, ktery zavrSuje novou
vodohospodérskou koncepci této oblasti méstského silniéniho
okruhu.

Koncepéné se jednd o pokraovani odlehéovaci stoky CO2
(budované v oblasti Malovanky), respektive propojeni mezi
touto stokou (CO2) a vodote¢i potoka Brusnice v Dolnim
Jelenim prikopu Prazského hradu, které jsou podrobné publi-
kovéany v ¢lanku Kuchafr et al. (2012). Stoka CO3 je tedy vede-
na od spojné komory na Malovance do ul. Keplerova
a ndsledné ulici Jeleni (1. ¢ast stoky CO3), kde déle pokracuje
pod vozovkou, podchdzi ul. U Pra§ného mostu a pokracuje ulici
Marianské hradby (2. cast stoky CO3). Zde odbocuje jako
3. &ast stoky CO3 jiznim smérem pod pamatkové chranéné
uzemi Prazského hradu (Kralovskou zahradu). V Dolnim
Jelenim prikopu je stoka CO3 vedena cca 110 m soubéZne
podél levého briehu otevieného koryta potoka Brusnice
a nasledné je do néj zadsténa v misté stavajiciho vtokového
objektu ,,Ple¢nik*. Situace 3. ¢4sti stoky je patrnd na obr. 1.

Nejdulezitéjsi ¢dsti geotechnického monitoringu byl hydro-
geologicky monitoring, a to z duvodu, aby vlivem raZby stoky
CO3 nedoslo ani k do¢asnym, ani k trvalym zménam stavajici

INTRODUCTION

Relief sewer CO3 was realised within the framework of project
No. 0065 Strahov Tunnel (construction lot No. 2), which is now the
initial part of the Blanka complex of tunnels and links to the
Malovanka grade-separated intersection.

In terms of the length, this sewer with the total length of 1355m is
the largest mined structure of the diversions of utility networks carri-
ed out within the framework of the above-mentioned construction lot
and, at the same time, is the final structure completing the new water
management concept for this area of the City Circle Road.

Conceptually it is the continuation of relief sewer CO2 (developed
in the area of Malovanka), or respectively the interconnection betwe-
en Brusnice, this sewer (CO2) and the creek in Dolni Jeleni Piikop
(Lower Deer Moat) of Prague Castle, which have been published in
detail in the paper Kuchar et al. (2012). Sewer CO3 is therefore led
the from merging chamber in Malovanka to Keplerova Street and
subsequently along Jelen{ Street (Part 1 of CO3 sewer), where it con-
tinues further under the roadway, passes under U Pra§ného Mostu
Street and proceeds along Marianské Hradby Street (Part 2 of CO3
sewer). Here it branches as Part 3 of CO3 sewer south, under the his-
toric district of Prague Castle (Krdlovskd Zahrada Garden). In the
Dolni Jeleni Prikop (Lower Deer Moat), sewer CO3 is led ca 110m
in parallel to the left bank of the open creek bed and subsequently is
connected to it in the location of the existing “Ple¢nik” intake struc-
ture. The plan of Part 3 of the sewer is obvious from Fig. 3.

Hydrogeological monitoring was the most important part of the
geological monitoring because of the requirement for preventing
temporary or permanent changes in the existing water table level at
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Obr. 1 Situace stoky CO3 - 3. st v ortofotomapé s vyznacenymi objekty v aredlu PraZského hradu
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Fig. 1 Layout plan of Sewer CO3 — Part 3 in an orthophoto map with buildings located on Prague Castle grounds marked in it

hladiny podzemni vody u chrdnénych objektu, tj. aby dosah pfi-
padné docasné depresni kotliny nedosahl k Letohradku kralov-
ny Anny (Krdlovskému letohradku), Micovné a k dal$im cen-
nym objektam.

Investorem stavby byl Magistrat hl. m. Prahy (odbor mést-
ského investora), zastoupeny mandatifem VIS a.s. Doda-
vatelem stavby bylo sdruzeni firem EUROVIA CS — ENERGIE
stavebni a banskd a.s. Zhotovitelem stavebnich praci celé stoky
CO3 byla ENERGIE stavebni a banska a.s. Projek¢éni prace
zajiStoval PUDIS a.s. Zhotovitelem geotechnického monitorin-
gu 1. a 2. ¢asti stoky byl PUDIS a.s. a zhotovitelem monitorin-
gu 3. casti stoky CO3 pod Krilovskou zahradou PraZzského
hradu bylo sdruZeni firem PUDIS a.s. — Angermeier
Engineers, s.r.o., pficemz vedoucim tcastnikem sdruzeni byl
PUDIS a.s. Z hlediska technického byla nejzajimavéjsi 3. ¢ast
stoky CO3, razend mikrotunelovanim (11-12/2013) v délce
necelych 200 m, kde byl pouzit razici stit AVN 1600 firmy
Herrenknecht o pruméru fezné hlavy 2 m. Nasledujici text
pojedndvd praveé o této Cdsti stoky.

INZENYRSKOGEOLOGICKA A HYDROGEOLOGICKA
CHARAKTERISITKA UZEM{

Vseobecné 1ze geologické poméry zdjmového tdzemi charak-
terizovat jako sloZzité a zna¢né proménlivé. Skalni podlozi je
tvorené sedimentarnimi ordovickymi horninami — souvrstvi
letenské. Toto souvrstvi zde md charakter stfidani lamin jilovi-
toprachovitych az pisCitych bridlic s laminami a polohami kre-
mennych piskovct a7 kfemencu. Horninu lze petrograficky
popsat jako prachovité a piscité jilovce s laminami kfemennych
piskovcu. Dosah a stupné zvétrani skalniho podloZi jsou patrné
z podélného fezu v tseku pod Krdlovskou zahradou (obr. 2.).

Na skalnim podlozi spocivajici kvartérni pokryvné udtvary
jsou tvorené navazkami, deluvidlnimi, eolickymi a fluvidlnimi
sedimenty. Navédzky jsou prevazné tvoreny stavebnim rumem,
popelem a Skvdrou a ddle prekopanymi a premisténymi zemi-
nami a horninami skalnitho podkladu. Deluvidlni sedimenty

listed buildings, so that the potential subsidence trough did not reach
Letohradek Kralovny Anny (Royal Summer Palace), Micovna (Ball
Game Hall) and other valuable buildings.

The project owner was the Prague City Hall (the Department of the
City Investor) represented by VIS a.s., the mandatary. The contractor
was a consortium of companies consisting of EUROVIA CS and
ENERGIE Stavebni a Bénska a.s. The contractor for construction
work on the whole sewer CO3 was ENERGIE Stavebni a Banska
a.s. The design was provided by PUDIS a.s. The contractor for geo-
technical monitoring of parts 1 and 2 was PUDIS a.s., whilst the con-
tractor for geotechniocal monitoring of part 3 of trunk sewer CO3
under Kralovskd Zahrada Garden of Prague Castle is a consortium
PUDIS a.s. — Angermeier Engineers, s.r.o., with the leader PUDIS
a.s. From the technical point of view most interesting was part 3 of
sewer CO3, which was driven by microtunnelling (11 — 12/2013) at
the length of less than 200m, where the Herrenknecht TBM AVN
1600 with the cutterhead diameter of 2m was used. The subsequent
text deals with this particular part of the sewer.

ENGINEERING GEOLOGICAL AND HYDROGEOLOGICAL
CHARACTERISTICS OF THE AREA

The general geological conditions in the area of operations can be
characterised as complicated and significantly variable. The bedrock
is formed by sedimentary Ordovician rock types — the Letnd
Formation. This formation in this area has the character of the alter-
nation of laminas of clayey-silty to sandy shales with laminas and
layers of quartzose sandstone to quartzite. The rock can be petro-
graphically described as silty and sandy claystone with laminas of
quartzose sandstone. The weathering reach and degrees are obvious
from the longitudinal section in the section under Kralovskd Zahrada
Garden (see Fig. 2).

The Quaternary superficial deposits resting on the bedrock are for-
med by made-ground and deluvial, aeolian and fluvial sediments.
The made-ground is mostly formed by rubble, ashes and cinder, as
well as dug up and displaced soils and bedrock rock types. The delu-
vial sediments are genetically bound to gravitational movements of
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Obr. 2 Schematicky podélny rez 3. &sti stoky CO3 pod Krdlovskou zahradou PraZského hradu
Fig. 2 Schematic longitudinal section through Part 3 of Sewer CO3 under Krdlovskd Zahrada Garden of Prague Castle

jsou geneticky vazané na gravitacni pohyby rozloZenych
a zvétralych hornin. Eolické sedimenty jsou prevazné charakte-
ru sprasi a sprasovych hlin a kryji fluvidlni terasové pleistocén-
ni sedimenty potoka Brusnice. Holocénni fluvidlni sedimenty
jsou usazeniny potoka Brusnice v Dolnim Jelenim prikopu.

V zdjmovém uzemi se rozliSuji podle charakteru horninové-
ho prostredi dvé zvodné podzemni vody. Za prvé je to zvoden
vdzand na horniny skalniho podlozi — prostfedi s puklinovou
propustnosti. Zvoden podzemni vody zde vznikd pouze
v pasmu rozvolnéni puklin v horizontu zvétralych hornin skal-
niho podkladu. Do vétsich hloubek pronikd voda jen v poru-
chovych zénéch. Vydatnost podzemni vody v ordovickych bfi-
dlicich je velmi mald. Za druhé jsou to podzemni vody vdzané
na kvartérni sedimenty (fluvidlni a deluvidlni sedimenty — pro-
stfed{ s pralinovou propustnosti). Kvartérni zvoden byla moni-
torovand predevs$im v Jelenim pfikopu v blizkosti potoka Brus-
nice. V Kralovské zahradé PraZzského hradu pred razbou stoky
CO3 nebyla tato kvartérni zvoden vyrazné€ zastiZzena. Je zdvisld
na mnozstvi atmosférickych srazek a je také ovlivnénd prito-
kem vod ze zapadu z kifdovych sedimenti v pramenné oblasti
Brusnice.

V ramci podrobného geotechnického a hydrogeologického
pruzkumu byly odebrdany vzorky podzemnich vod k che-
mickym analyzdm pro zjiSténi agresivity na betonové kon-
strukce. Vyplynulo z nich, Ze podle CSN EN 206-1, Beton —
&4st 1 byla prevdzna Cast vzorku podzemni vody hodnocena
jako slabé agresivni na beton, symbol XA1. Mensi Cast che-
mickych rozboru, a to predeviim ze zvodné ordovického skal-
niho podlozi, vykdzala stfedni stupen agresivity XA2. Vzhle-
dem k bodovym odbérim vzorki pro agresivitu prostredi
a moznosti smiSeni podzemni vody z ordovickych bridlic bylo
doporuceno pro celou stavbu uvazovat stfedni stupen agresivi-
ty tj. XA2.

decomposed and weathered rock types. The aeolian sediments are
mostly of loessal and secondary loesssal character and they cover flu-
vial terrace Pleistocene sediments of the Brusnice creek. The
Holocene fluvial sediments are sediments of the Brusnice creek in the
lower Jeleni Piikop Deer Moat.

In the area of operations, we distinguish two groundwater aquifers
according to the character of the rock environment. Firstly it is an
aquifer bound to bedrock rock types — the environment with fissure
permeability. The groundwater aquifer develops here only in the zone
of loosening of fissures in the horizon of weathered bedrock rock
types. Water penetrates to greater depths only in fault zones. The
groundwater yield in the Ordovician shale is very low. Secondly it is
groundwater bound to the Quaternary sediments (fluvial and deluvi-
al sediments — the environment with intrinsic permeability). The
Quaternary aquifer was monitored first of all in Jeleni Pfikop Moat,
in the vicinity of the Brusnice creek. This Quaternary aquifer was not
encountered in Krdlovska Zahrada Garden of Prague Castle. It
depends on the amount of precipitation and is in addition affected by
the inflow of water from the west, from the Cretaceous sediments in
the headwater area of the Brusnice creek.

Samples were collected within the framework of the detailed geo-
technical and hydrogeological survey for chemical analyses intended
for the determination of the concrete-aggression action. It followed
from them that, according to CSN EN 206-1, Concrete — Part 1, the
majority of groundwater samples were assessed as weakly aggressi-
ve to concrete, symbol XAl. A smaller part of chemical analyses,
first of all those from the aquifer in the Ordovician bedrock, exhibi-
ted medium aggression degree XA2. With respect to the spot sam-
pling system of collecting samples for the determination of the envi-
ronment aggression and the possibility of mixing with groundwater
from the Ordovician shale, it was recommended that the aggression
degree XA?2 be considered for the entire project
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STAVEBNI RESENI A RAZBA BENTONITOVYM CONSTRUCTION SOLUTION AND TUNNELLING
RAZICIM STITEM WITH SLURRY TBM
Stavebni FeSeni Construction solution

V prvni fazi vystavby 3. ¢asti stoky CO3 byla vyhloubena Shaft S03.1 (11x4m) was excavated to the depth of 38.5m in the
Sachta S03.1 (s rozméry 11x4 m) do hloubky 38,5 m, kterd first phase of the construction of part 3 of sewer CO3. It serves as
v definitivni fazi slouZi jako spadiité. P¥i hloubeni $achty $03.1 a backdrop manhole in the final phase. During the excavation of shaft
se postupné ménil pudorys Sachty, ktery se pii hlouben{ otd¢el do S03.1 the ground plan gradually changed, rotating to the direction of
sméru budouci razby Stitu. Tento smér je podélné v jiném sméru the future TBM excavation. This direction longitudinally differs from
neZ pidorys $achty na povrchu. Ve spodni &dsti achty byla vyra- the ground plan of the shaft on the surfas:e. A launching chaml?er for
Zena startovaci komora pro bentonitovy 3tit (s feznou hlavou | the slurry TBM (with the cutterhead diameter of 2m), heading to
o praméru 2 m) smérem ke Kralovské zahradé Prazského hradu Kralovskd Zahrada Garden of Prague Castle (i.e. under Maridnské

Hradby Street), was excavated in the lower part of the shaft. The
chamber is 5.9m long and ca 7.8m high. The launching chamber was
excavated using the so called horizontal sequence consisting of 3
benches. Concrete floor inclined at the gradient identical with that of
the future tunnelling, a thrust reaction block with a cut-out for the
installation of a laser as well as an entrance concrete sealing block for
the entry of the TBM cutterhead into the rock massif were carried out
in the launching chamber. A reinforced concrete block to be used as
the target portal was built in advance in the space of Jeleni Prikop
Moat (at S03.0 shaft). It was anchored to the rock massif by micro-
piles and cable anchors. The remaining section between shaft S03.0
and the “Ple¢nik” outflow structure in the Dolni Jeleni Prikop Moat
was carried out in a braced open trench.

AVN 1600 TBM
The excavation of section S03.1 — S03.0, i.e. the section under

(j. pod komunikaci Maridanské hradby). Délka komory je 5,9 m,
vyska cca 7,8 m. Razba startovaci komory byla provadéna pri
horizontdlnim ¢lenéni na tfi ldvky. Ve startovaci komore byla
vybudovéna betonova podlaha ve sklonu budouci razby, opérny
betonovy blok pro tlatnou stanici Stitu s vyfezem pro umistén{
laseru a vstupni tésnici betonovy blok pro zatsténi fezné hlavy
§titu do horninového masivu. V prostoru Jeleniho prikopu
(u $achty $03.0) byl v predstihu vybudovén cilovy portil ze Zele-
zobetonového bloku, ukotveného mikropilotami a lanovymi kot-
vami do skalniho masivu. Zbyly tsek mezi 3achtou S03.0
a vyustnim objektem ,,Ple¢nik” v Dolnim Jelenim prikopu byl
provadén v oteviené paZené ryze.

Razici 5tit AVN 1600
Razba tseku $03.1-503.0, tj. pod Krilovskou zahradou

Pra?ského hradlll’ probfhala pomOf:f m/ikro'iu,neléie = plnoprofi- | 4155k 4 Zahrada Garden of Prague Castle was carried out using the
lovym mechamzovan.yr'n b.entom.torvy{n stitem Her}renknecht microtunnelling technique — a full-face mechanised slurry shield
fady AVN 1600 v modifikaci s valivymi dldty do tvrdych hornin | pyeirengnecht AVN 1600 in a modification with disk cutters for hard

a s protlacovanymi sklolamindtovymi troubami DN 1800 délky ' 160k and with jacked 3m long glassfibre reinforced plastic (GRP)

3900 mm od firmy HOBA?- Razba V}/)rob/ihala Gipadné tubes DN 1800 manufactured by HOBAS. The tunnel was driven
v jednotném sklonu 12,5 %o. Celd sestava zafizeni Herrenknecht downhill on a uniform gradient of 12.5 %o.. The whole Herrenknecht

se sklddala z né€kolika hlavnich dilu. Z raziciho bentonitového set consisted of several main parts, namely the slurry shield with
Stitu s feznou hlavou do tvrdych hornin, kompaktni protlacova- a hard-rock cutterhead, a compact jacking station (including a thrust
cf stanice (v€etné rdmu) v Sachté a startovaci komofe, separacni reaction frame) in the shaft and the launching chamber, a bentonite
Jednotky bentonitu HKS 300 a automatického bentonitového separation unit HKS 300 and an automatic bentonite lubrication sys-
mazactho systému. Schéma pouzitého raziciho bentonitového tem. The diagram of the slurry TBM used is obvious from Fig. 3. The
Stitu je patrné z obr. 3. Za feznou hlavou stroje nédsleduje seg- block of the shield itself follows after the cutterhead. It covers the ben-
ment vlastniho $titu, ktery kryje privod bentonitové a vodni tonite and bracing water suspension feed lines and the duct removing
pazici suspenze a odvod smési rubaniny a paZzici suspenze. Déle the mixture of muck and the face-bracing suspension. A segment No.

3 with steering hydraulic cylinders
and segment No. 4 with the cutterhe-
ad driving motor follows.

Simplified technological procedure
during the shield tunnelling (see
Fig. 4): The tunnelling shield (1) was
first lowered down the jacking station
in the launching shaft and chamber
S03.1. It was pushed by pistons on
the thrust reaction frame through
a rubber sealing collar, which mini-
mised the loss of pressure of the bra-
cing suspension and its escape to the
launching chamber (2). Subsequently
a glassfibre reinforced plastic tube for
jacking manufactured by HOBAS (3)
was installed behind the shield. The
commencement of the excavation

1 - fezna hlava / cutterhead

2 - §tit / shield followed — the pumps on the feed line
3 - segment s Fidicimi hydraulickymi valci / segment with steering hydraulic cylinders and muck and slurry removal line
4 — segment s pohonnou jednotkou / segment with the driving unit were started and the cutterheat started

to rotate (4, 5). The jacking station in
Herentnecia  the launching shaft, consisting of the

Obr. 3 Schéma raziciho stitu AVN 1600 fre d U dth
Fig. 3 Diagram of the AVN 1600 tunnelling shield rame and two pistons, generated the
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prorazka do Jeleniho pfikopu 30.12.2013
breakthrough to Jeleni Prikop Moat

Obr. 4 Technologicky postup pri mechanizované razbé
Fig. 4 Technological procedure during mechanised tunnelling

ndsleduje segment 3 s fidicimi hydraulickymi vélci a segment 4
s agregdtem pohonu fezné hlavy.

Zjednoduseny technologicky postup pri razbé $titu (obr. 4):
Do tlaéné stanice ve startovaci Sachté a komoie S03.1 byl nej-
prve usazen razici §tit (1). Poté byl zatlacen pisty tlaéného ramu
pres gumovou tésnici manzetu, kterd minimalizovala ztratu
tlaku pazici suspenze a jeji vytok do startovaci komory (2).
Nasledné byla usazena za §tit sklolamindtova trouba pro protla-
¢ovani od firmy HOBAS (3). Nésledovalo zahdjeni razby —
spusténi Cerpadel privodniho (feed line) a odvodniho okruhu
téZby rubaniny a paZici suspenze (slurry line) a rozto¢eni fezné
hlavy (4, 5). Tla¢nd stanice ve startovaci Sachté sloZend z ramu
a dvou pistl generovala potfebny pritlak skrze kolonu trub
HOBAS a spoju potrubi na ¢elo vyrubu. Pfi sou¢asném zavrtd-
véani fezné hlavy pak dochézelo k rozpojovani a k odtéZovani
horniny na cele vyrubu a tim k posunu celé kolony — tedy vlast-
niho Stitu a trub HOBAS. Rubanina byla od¢erpdavand ve forme
suspenze odvodnim potrubim (slurry line) do separacni jednot-
ky (6). Na snimku (7) je uvedena fotografie rubaniny urcené ke
geologické dokumentaci a na snimku (8) je fotografie prorazky
v Jelenim pfikopu.

Podrobné je mikrotunelovani v proménlivych geologickych
podminkach popsdno v ¢lanku Franczyk (2014) a technologie
mechanizované razby je rekapitulovdna v Bartdk et al. (2014).

required thrust through the column of HOBAS tubes and the pipeli-
ne joints up to the excavation face. The ground at the excavation face
was disintegrated and loaded during the concurrent plunging of the
cutterhead into the face and the whole column — the TBM and the
HOBAS tubes — mover ahead. Muck in the form of slurry was pum-
ped through the slurry line to the separation unit (6). A photo of the
muck prepared for geological documentation is in Fig. 7; a photo of
the breakthrough in Jeleni Piikop Moat is in Fig. 8.

The microtunnelling through variable geological conditions is
described in detail in a paper by Franczyk (2014) and the mechani-
sed tunnelling technology is recapitulated in Bartdk et al. (2014).

GEOTECHNICAL MONITORING

The purpose of geotechnical monitoring (GTM) during the con-
struction of Part 3 of sewer CO3 under Kralovskd Zahrada Garden of
Prague Castle was to secure that the impacts of construction activiti-
es on the existing listed buildings, utility networks and the entire
environment were within the values prescribed as limits by the design
and relevant standards and regulations. The monitoring had to secu-
re the minimisation of defects on buildings in the vicinity, to initiate
immediate modification of construction procedures as a response to
a possible warning development of measured quantities, or to deter-
mine technical and organisational measures preventing further unfa-
vourable development. In addition to the above-mentioned technical
reasons for the realisation of the geotechnical monitoring, there were
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GEOTECHNICKY MONITORING extraordinarily important legal and societal aspects at the constructi-
on of part 3 of sewer CO3, which was located in a very exposed area
(e.g. the protection of the project owner against contingent objections
from real estate owners and the public).
The following most important activities were carried out within the
framework of the GTM during the excavation of Sewer CO3 — Part 3:
* hydrogeological monitoring;
* geotechnical and geological observation of tunnelling and exca-
vation operations;
e surveying buildings by levelling;
* monitoring of defects on buildings;
* surveying the terrain surface by levelling;
* 3D surveying of buildings;
e inclinometer measurements and measurements with sliding mic-
rometers;
* monitoring of dynamic effects;
* geoelektrical monitoring of corrosion;
e condition survey and repeated condition survey of utility net-
works;
e repeated condition survey of buildings;
 convergence measurements in shaft SO3.1 (the backdrop manhole).
In this paper, we will assess only the results of hydrogeological
monitoring, geotechnical and geological observation of the micro-
tunnelling operations and surveying buildings by levelling.

Utelem geotechnického monitoringu (GTM) pfi vystavbé 3.
¢asti stoky CO3 pod Krélovskou zahradou Prazského hradu bylo
zajisténi stavebnich Cinnosti tak, aby jejich dopady na stavajici
pamdtkoveé chranénou zdstavbu, inZenyrské site¢ a celé Zivotni
prostfedi byly v mezich a hodnotich stanovenych projektem
a prislusnymi normami a predpisy. Monitoring musel zajistit
minimalizaci poruch na okolni zdstavbé, vyvolat okamZitou
tpravu stavebnich postupt jako reakci na eventudlni varovny
vyvoj méfenych veli¢in, pfipadné stanovit technickd a orga-
nizaéni opatfeni, kterd dal§imu nepfiznivému vyvoji zamezi.
Mimo vySe uvedené technické divody pro realizaci geotechnic-
kého monitoringu byly na stavbé stoky CO3 — 3. &ast, situované
ve velmi exponovaném dzemi, také mimoradné duleZité i pravni
a spoleenské aspekty (napr. ochrana investora stavby pred even-
tudlnimi ndmitkami ze strany majiteld nemovitosti a vefejnosti).

V ramci GTM pfi razbe stoky CO3 — 3. &ast probihaly tyto nej-
dulezitéjsi Cinnosti:

* hydrogeologicky monitoring;

» geotechnické a geologické sledovani razeb a hloubent;

e geodetické sledovani objektd nivelact;

e sledovéni poruch na objektech;

e geodetické sledovani povrchu terénu nivelact;

 geodetické sledovédni objektu 3D;

 méfen{ inklinometrické a klouzavym mikrometrem; Hydrogeological monitoring
» monitoring dynamickych d¢inka; The hydrogeological monitoring was carried out on a network of
e geoelektricky korozni monitoring; monitored hydrogeological boreholes realised first within the frame-
e pasportizace a repasportizace inZenyrskych siti; work of a detailed geotechnical investigation and, subsequently, even
* repasportizace objektu; within the framework of a detailed hydrogeological survey. These
* konvergenéni méfeni v Sachté S03.1 (spadiité). hydrogeological boreholes are located with respect to important and
V tomto prispévku jsou zhodnoceny pouze vysledky hydrogeo- historically valuable surface buildings. Two boreholes monitor the
logického monitoringu, geotechnického a geologického sledova- water table in the vicinity of Letohrddek Kralovny Anny Palace and
nf raZeb mikrotunelovanim a geodetické sledovani objekti nive- Zpivajici Fontdna (Singing Fountain) (HJ 19 and HJ 16); another
laci. borehole monitors the water table in the vicinity of Nova OranZerie

(New Orangery) and partially Velkd MiCovna Ball Game Hall (HJ
20). Borehole HJ 20 monitors the water table in the vicinity of the
Empire-Style Greenhouse.
Al . D . . Monitored closest to the sewer excavation axis were boreholes HJ
Y I‘E’lmC} podrob/neho geotechm'cke/:ho poruzkumu a pote 401, HJ 402, HJ 403 and HJ15, the locations of which were within
1V ramel 'pod/robneho' hydrogef)lciglckeho pruzkumu. Tytf) hvy,d: the assumed water table depression cone. The results of the water
rog.eolo.glcke Vrt’y _]S.Oll umisteny . S ,ohledem na du?ezne table movement in these boreholes were used for operative control of
?} hlStor.ICky cenne ot/)Jekty nadzefnnl Z?Stabe' Pva IIlOI:lltOI'll- the tunnelling shield advance. In addition to monitoring the water
ji hladinu /pOfl,z?mm ,VOdy v blizkosti LetOhf?dku kral.ovny table, even the hydrostatic pressure in the 200m long sub-horizontal
Anny a Zpivajict fontdny (HJ 19 a HJ 16), dalS{ vrt monitoru- | o ehole SHJ 404, which was drilled from Jeleni Pfikop Moat in
Je hladlriu. podzemni vody v bliZk0§tl Nové oranZérie parallel with the tunnelling axis within the framework of geotechni-
a ¢dstecne i Micovny (HJ 20). V blizkosti Empirového skleni- | ) jpvestigation, was monitored. The water table level was measured
ku monitoruje hladinu podzemni vody vrt HJ 14. during the excavation using the slurry shield at daily intervals (in
NejbliZe ose razby stoky byly monitorovné vrty HJ 401, | (aqeq of significant changes even twice a day) on all boreholes moni-
HJ 402, HJ 403 a HJ15, které svou polohou byly v dosahu tored in the area of operations. The excavation of the whole section
predpokladaného depresniho kuZele h.p.v. Vysledky pohybu carried out using the slurry shield ran under the water table. The pres-

Hydrogeologicky monitoring
Hydrogeologicky monitoring byl provadén na siti monitoro-
vanych hydrogeologickych vrtu, realizovanych nejprve

hladiny podzemni vody v téchto vrtech slouZilyk operativnimu sure of the bracing suspension on the excavation face had the grea-
fizen{ postupu praci raziciho Stitu. Kromé monitoringu drovné test influence on the water table level in the boreholes, as documen-
hladiny podzemni vody byl monitorovén i hydrostaticky tlak | ted by Fig. 5, where the development of the pressures of the bracing
ve 200 m dlouhém subhorizontdlnim vrtu SHJ 404, ktery byl suspension in dependence on the chainage of the excavation face is
vyvrtdn z Jelentho prikopu rovnobézné s osou razby v rdmci illustrated and which demonstrates the time dependence of water tab-
geotechnického prizkumu. V pribéhu raZby bentonitovym §ti- | les in boreholes HJ 401, HJ 402, HJ 403 a HJ 15, the locations of
tem byla droven hladiny podzemni vody méfena v dennich which are closest to the excavation axis (and which were used for
intervalech (v pfipadé vyraznych zmén i 2x denn¢) na vsech operative control of the tunnelling shield advance), and on the pres-
monitorovanych vrtech v zdjmové oblasti. Razba celého | sure of the bracing suspension generated by the tunnelling shield. It
useku, realizovaného bentonitovym S$titem, probihala pod hla- is obvious from Fig. 5 that the excavation in the initial phase procee-
dinou podzemni vody. Nejvétsi vliv na droven hladiny pod- ded under low pressure of the bracing suspension despite the fact that
zemni vody ve vrtech mél tlak paZici suspenze na Cele razby, the close mode of the shield tunnelling process was selected from the
jak dokladad obr. 5, kde je zndzornén prubéh vyvoje tlakl paZi- SPH requirement point of view (see the chapter Geotechnical and
ci suspenze v zdvislosti na staniCeni Cela razby a dile také geological monitoring of tunnelling with the slurry shield). The low

demonstruje samotnou casovou zdvislost drovni hladiny values of the bracing suspension pressure in the initial phase of the
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Obr. 5 Vliv tlaku paZici suspenze na tiroven hladiny podzemni vody v Krdlovské zahradé
Fig. 5 The influence of the bracing suspension pressure on the water table level in Krdlovskd Zahrada Garden

podzemni vody ve vrtech HJ 401, HJ 402, HJ 403 a HJ 15,
které jsou svou polohou nejblize ose razby (a slouzily
k operativnimu fizeni postupu praci raziciho §titu), na tlaku
paZzici suspenze razictho Stitu. Z grafu na obr. 5 je patrné, Ze
v pocate¢ni fazi probihala razba pfi nizkém tlaku pazici sus-
penze i pres to, Ze z hlediska pozadavku SPH byl zvolen uza-
vieny mdd razby Stitu (viz kapitola Geotechnické a geologické
sledovani razeb bentonitovym Stitem). Nizké hodnoty tlaku
pazici suspenze v inicidlnim stadiu razby byly zachovavany
z technologického divodu. Vhledem k tomu, Ze pouze kazda
paté sklolamindtovd trouba pro protlatovani méla primazdvaci
otvory s kuzelovymi ventily, skrze které dochazelo k injektazi
mezikruzi, musel byt na zacdtku razby udrZovdn nizky tlak
pazici suspenze, kterd by vzhledem k velmi kratké vzdalenos-
ti hlavy S§titu od startovaci komory unikala mezikruzim skrze
tésnici manzetu zpét do startovaci komory. Tlak paZzici sus-
penze byl postupné navySovan aZ po zatlaCeni prvnich trub
s pfimazdvacimi otvory do vyrubu a nédsledném zainjektovani
prostoru mezikruzi mezi plastém sklolamindtové trouby
HOBAS a licem horninového masivu.

Efekt vzdédlenosti vrti od Cela razby se v grafu projevuje
riznym poklesem hladiny podzemni vody ze zaddtku raZby.
Nejvyrazn€jsi je u vrtu HJ 401, kdy se tlak pazici suspenze
pohyboval mezi 0-0,5 baru (do stani¢eni 52 m). V pripadé vrtu
HJ 401 byl tlak paZici suspenze pii pruchodu &ela razby
v bezprostiedni blizkosti pravé na hodnoté 0-0,5 baru a doslo
k bezprostrednimu vyraznému poklesu hladiny podzemni vody
ve vrtu. Geotechnicky monitoring okamzité zareagoval
a doporucil spolu s projektantem stavby tlak paZzici suspenze
nejprve navysit na hodnotu 1 baru (tento tlak odpovidd vySce
vodniho sloupce cca 10 m) a hladina ve vrtu zacala stoupat
smérem k puvodni hodnoté. Rychlost reakce pohybu hladiny
podzemni vody ve vrtu HJ 401 dokumentuje pokus realizovany
2. 12. 2013 primym kontaktem a sou¢innosti geologa s opera-
torem raziciho stroje zndzornény na obr. 6. U dalSich uvedenych
vrtd uZ nebyl tento pokles hladiny tak vyrazny diky tomu, Ze pfi
prichodu &ela vyrubu v blizkosti vrtu se pohybovala hodnota

excavation were maintained for technological reasons. With respect
to the fact that only every fifth glass fibre reinforced plastic tube for
jacking had gates with cone valves for additional lubrication, through
which the annulus was filled with grout, the low pressure of the bra-
cing suspension had to be maintained at the beginning of the excava-
tion so that it did not leak along the annulus through the sealing col-
lar to the launching chamber with respect to the short distance of the
cutterhead from the launching chamber. The bracing suspension pres-
sure was gradually increased only after jacking first tubes with the
lubrication gates into the excavation and subsequent filling the annu-
lus space between the HOBAS GRP tube jacket and the excavated
opening surface.

The effect of the distance of boreholes from the excavation face
manifests itself in the graph by different dropping of the water table
at the beginning of the tunnel excavation. It is most distinctive at
borehole HJ 401, where the bracing suspension pressure ranged from
0 —0.5bar (up to chainage m 52). In the case of borehole HJ 401, the
bracing suspension pressure during the passage of the excavation
face in the immediate vicinity was just at the value of 0-0.5bar and an
immediate significant drop of the water table happened in the bore-
hole. Geotechnical monitoring immediately reacted and recommen-
ded, together with the construction designer, that the pressure of the
bracing suspension be first increased to the value of 1 bar (this pres-
sure corresponds to the height of water column of ca 10m); the water
table in the borehole started to rise toward the original value. The
speed of the response of the groundwater table movement in boreho-
le HJ 401 is documented by an experiment realised on 02/12/2013
owing to a direct contact and collaboration of the geologist with the
tunnelling machine operator, which is presented in Fig. 6. The water
table dropping was not so significant at the other boreholes thanks to
the fact that the bracing pressure during the passage of the excavati-
on face close to the particular borehole fluctuated around the value of
1.5bar which was recommended by the monitoring and the construc-
tion designer. Despite this fact, the drop of water table level caused
by the initial lower pressure of the bracing suspension was very well
obvious with some delay.
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Obr. 6 Reakce hladiny podzemni vody ve vrtu HJ 401 na razbu Stitem 2. 12. 2013

Fig. 6 The response of water table in borehole HJ 401 to the sheet tunnelling on 02/12/2013

tlaku paZici suspenze okolo monitoringem a projektantem
stavby doporuované hodnoty 1,5 baru. Pfesto je u nich pokles
hladiny zpusobeny poédteénim niz§im tlakem paZici suspenze
s ur¢itou ¢asovou prodlevou velice dobrfe patrny.

Pred prordZkou raziciho stroje do portalu v Jelenim pfikopu
muselo dojit ke sniZen{ tlaku paZici suspenze z divodu strmé-
ho poklesu nadloZzi razby (severni svah Jeleniho prikopu)
a z duvodu pfitomnosti deluvidlnich sedimenti a navazek ve
vyrubu. Ke sniZeni tlaku do$lo ve stani¢eni 192 m. I pres to
byly 28. 12. 2013 cca od 16:00 zaznamendny vyrazné vyrony
podzemni vody (celkem cca 0,3 1/s) z portdlu v Jelenim priko-
pu. Vyrony podzemni vody probihaly jednak ze vzniklé pukli-
ny ve stifkaném betonu v levé strané zajisténi svahu a také
z pramencovych kotev zaji§tujicich betonovy blok portalu
(obr. 7). Tento pokles tlaku pazictho média ovlivnil hladiny
v nékterych vySe zminénych vrtech a doslo tak k uréitému
kratkodobému poklesu hladin podzemni vody v bezprostredn{
blizkosti razby. Timto se potvrdilo, Ze tlak pazici suspenze
pusobil nejenom na &ele vyrubu, ale i v mezikruZi mezi licem
vyrubu a povrchem kolony trub, a to po celé délce vyrubu.

The bracing suspension pressure had to be reduced prior to the
break through of the tunnelling machine to the portal in Jeleni Prikop
Moat with respect to a steep decrease of the excavation overburden
thickness (the northern slope of Jeleni Prikop Moat) and because of
the presence of deluvial sediments and made-ground in the excavati-
on. The pressure was reduced at chainage m 192. Despite this fact,
significant groundwater outflows (ca 0.3L/s in total) from the portal
in Jeleni Prikop Moat were registered on 28/12/2013, ca from 16:00
hours. The groundwater outflows continued from a crack in shotcre-
te on the left side of the slope support and also from the cable anchors
stabilising the portal concrete block (see Fig. 7). This drop of the bra-
cing medium pressure affected the water tables in some of the above-
mentioned boreholes and certain temporary drop of water tables in
the immediate vicinity of the excavation occurred. In this way it was
confirmed that the pressure of the bracing suspension acted not only
at the excavation face but also in the annulus between the surface of
the excavated opening and the surface of the column of tubes, throug-
hout the excavated opening length.

The hydrogeological monitoring of the other boreholes which were
located at listed surface buildings (Letohradek Krdlovny Anny Royal

Summer Palace or Velkd MiCovna

o Tred T T e e
| puklina ve stfikaném betonu
crack in shotcrete

vyron vody z pukliny ve
stfikaném betonu
water intrusion from [
the crack in shotcrete |

Ball Game Hall) did not register any
affecting of the excavation caused by
the excavation of sewer CO3.

Geotechnical and geological
monitoring of the slurry

ce SR . : Y wonvody [ = % shield tunnelling
= : N e Z pramencové kotvy | - T
water intrusion from

The technological excavation pro-

a cable anchor e cedure did not allow direct geological

vyron vody
4 z pramencové kotvy
water intrusion from
a cable anchor

Obr. 7 Cilovy portdl Jeleni prikop 29. 12. 2013 (tésné pred prordzZkou)

documentation as in the case of classi-
cal conventional tunnelling or the
NATM excavation. The excavation
proceeded with the pressure support
of the excavation face (the bracing
suspension) continually with cyclical
forcing of the shield itself (the cutter-
head + the mantel) and the column of
glassfibre reinforced plastic tubes,
which at the same time formed the

Fig. 7 Target portal in Jeleni Piikop Moat on 29/12/2013 (just before the breakthrough) final lining of the gallery. The access
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Hydrogeologicky monitoring na ostatnich vrtech, situovanych
u pamdtkové chrdnénych objektd nadzemni zdstavby
(Letohradek krdlovny Anny i velkd MiCovna) nezaznamenal
7adné ovlivnéni razbou stoky CO3.

Geotechnické a geologické sledovani razeb
bentonitovym Stitem

Technologicky postup razby neumoznoval piimou geologic-
kou dokumentaci jako pfi klasické konvenéni razbé nebo razbé
NRTM. Razba probihala s tlakovou podporou Celby (paZici sus-
penze) kontinualné s cyklickym zatlaovanim vlastniho Stitu
(feznd hlava + plast) a kolony sklolamindtovych trub, které zéro-
ven tvorily definitivni osténi Stoly. Pristup k nezapazenym Cas-
tem vyrubu nebyl mozny vzhledem k absenci klasické t€Zni
komory u tohoto typu stroje, proto muselo dojit ke specifikaci
metodiky geologické dokumentace a jejich vystupt. Geologické
poméry tak byly ovéfovdny neprimo na zdkladé porovndvani
promytych vzorku rubaniny odebranych z kontejneru u separaéni
jednotky a popisu horizontdlniho jadrového vrtu z pruzkumu.
Nové pristupy k inZenyrskogeologické dokumentaci razby
pomoci bentonitového Stitu shrnul Wendl et al. (2010). V pripadé
razby strojem AVN 1600 vsak nemohla byt z technickych duvo-
du dokumentovédna geologickd skladba na &ele vyrubu, jak jiz
bylo zminéno vyse. Ovérovani pevnosti hornin probihalo pomo-
ci zkouSek pevnosti hornin pfi bodovém zatiZeni, provadénych
na nepravidelnych dlomcich hornin. Dalsi technologické tdaje
razby byly hodnoceny z mnozstvi kontinudlnich dat prubéZné
zaznamenanych v opera¢ni jednotce stroje (prenos pomoci USB
rozhranf). Geotechnicky a geologicky dozor pribéZné a ope-
rativné vyhodnocoval nésledujici tidaje a neustdle porovnaval
v jednotlivych pasportech jejich vliv na vyvoj méfené hladiny
podzemni vody v aredlu Kralovské zahrady:

 inZenyrskogeologicky popis hornin vyplaveného vzorku
(odseparovéni jemnozrnné frakce, popis horniny z dlomku
a odhad procentudlniho podilu jednotlivych typt hornin);

e razici méd bentonitového S§titu (ekvivalent uzavieného
a otevieného modu);

e opatfeni, doporuceni a pozndmky k razbé (zejména vztah
razby a vyhodnoceni denniho méfeni hladin v hydro-
geologickych vrtech v Krélovské zahradé, prubéh jednotli-
vych sledovanych parametru razby jako pritlak, tlaky sus-
penze atp.);

» geologickd progndéza pro dalsi tseky razby;

¢ zédkres aktudlni polohy ¢ela vyrubu v predpoklddaném geo-
technickém fezu z pruzkumu;

e v grafické Casti pasportu byly vyhodnocovany tyto ddaje:
spotieba bentonitu [1] a tlak paZici suspenze na Cele [bar]
v zdvislosti na Case, resp. staniCeni; pritlak tlatného ramu
[bar] a sila tlacného pistu [kN] v zavislosti na stanicenf;

e fotografickd dokumentace vyplaveného vzorku rubaniny
s grafickym méfitkem a popisem.

Razba pomoci stroje Herrenknecht AVN 1600 probihala od
listopadu do konce prosince v roce 2013 v celkové délce
196.,3 m. Geologické poméry byly pribézné oveérovéany na zdkla-
dé porovnavani geologického popisu horizontdlniho jadrového
vrtu z priuzkumu se skute¢né zastizenymi horninami, které byly
odebirdny ve formé vzorka z kontejneru u separacni jednotky
Stitu. Vzorek byl vzdy po odebrani promyt na situ a nasledné
byly popsdny jednotlivé horninové typy a odhadnut jejich podil
ve vyrubu.

Geotechnickd dokumentace razby potvrdila proménlivost
mechanickych a technologickych vlastnosti hornin letenského
souvrstvi, od které se ¢aste¢né odvijela i rychlost postupu tune-
lovactho stroje. Strukturni poméry masivu nebylo mozné vzhle-
dem k technologii razby fadné dokumentovat. Pfi razbé bylo
odebréno nékolik kontrolnich vzorkd na zjisténi indexu pevnosti
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to the unsupported parts of the excavation was not possible with res-
pect to the absence of a classical extraction chamber at this machine
type. For that reason the methodology of geological documentation
and its outputs had to be specified. The geological conditions had the-
refore been verified indirectly, on the basis of comparing the washed
muck samples collected from the container at the separation unit and
the description of the horizontal cored borehole carried out as a part of
the survey. The new approaches to engineering geological documen-
tation of excavation using a slurry shield were summarised by Wendl
et al. (2010). However, in the case of the excavation using the AVN
1600 machine, the geological structure at the excavation face could
not be documented for technical reasons, as mentioned above. The
rock strengths were verified by means of point load tests conducted on
irregular fragments of rock. The other technological excavation data
items were assessed from the lots of data continually recorded in the
operating unit of the machine (transmission by means of USB interfa-
ces). The geotechnical and geological supervision continually and
operatively assessed the following data items and permanently com-
pared in individual basic data logs their influence on the development
of the water table in the Krdlovskd Zahrada Garden area:

e engineering geological description of the washed rock sample
(separation of fine-grained fraction, description of the rock based on
fractions and estimation of the percentage of individual rock types;

e excavation mode of the slurry shield (equivalent of the close and
open modes);

* measures, recommendations and notes regarding the excavation
(first of all the relationship between the excavation and the
assessment of daily measurements of water tables in hydrogeo-
logical boreholes in Krdlovskd Zahrada Garden, the develop-
ment of individual excavation parameters being monitored, such
as the thrust, suspension pressures etc.);

» geological prognosis for the next excavation section;

e plotting the current location of the excavation face in the geo-
technical section anticipated on the basis of the survey;

¢ the following data was assessed in the graphical part of the basic
data logs: the consumption of bentonite [1] and the pressure of
the bracing suspension at the excavation face [bar] in dependen-
ce on time or the chainage; the thrust of the thrust reaction frame
[bar] and the force of the jacking cylinder [kN] in dependence on
chainage;

e the photo documentation of the washed muck sample together
with the graphic scale and description.

Tunnelling using the AVN 1600 Herrenknecht machine proceeded
from November to the end of 2013 along the total length of 196.3m.
Geological conditions were continually verified on the basis of com-
paring the geological description of the horizontal cored borehole
from the survey with the actually encountered rock types which were
collected in the form of samples from the container at the separation
unit of the shield. The sample was, always after being collected, was-
hed on a sieve and the rock types were subsequently described and
their proportion in the excavation was estimated.

The geotechnical documentation of the excavation confirmed the
variability of the mechanical and technological properties of the
Letnd Formation rock types, from which even the advance rate of the
tunnelling machine was partially deduced. The structural conditions
of the rock massif could not be properly documented with respect to
the technology. Several check samples were collected during the
excavation for the determination of the geological strength index for
the verification of the rock material strength. These results in compa-
rison with the results of the sub-horizontal borehole SPJ 404 which
was carried out within the framework of the completed survey are
presented in Fig. 8. Even other data items were observed by the con-
tinual analysis of technological data from the operating unit of the
tunnelling machine. These data items were processed graphically
with respect to the clarity and the significant amount of the data. In
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horniny pro overeni pevnosti horninového materidlu. Na obr. 8 this way, the data on the consumption of the slurry mixture [1] in
jsou tyto vysledky v porovndni s vysledky ze vzorka dependence on time, the pressure of the bracing suspension at the
ze subhorizontédlniho vrtu SPJ 404, provedeného v rémci pri- excavation face [bar] in dependence on chainage, the thrust of the
zkumu. PrubéZnou analyzou technologickych dat z operaéni jed- thrust reaction frame [bar] and the force of the jacking cylinder in
notky raziciho stroje byly sledovédny i dalsi ddaje. Tyto Gdaje dependence on chainage was processed in geotechnical data logs. It
byly pro prehlednost a zna¢né mnoZstvi primarnich dat zpraco- was in addition possible to analyse other important data from the
véany graficky. Takto byla v geotechnickych pasportech zpraco- technological data, for instance the cutterhead thrust on the excavati-
vévédna data o spotrebé bentonitové smési [1] v zdvislosti na Case, on face, the development of the skin friction of the column of the
tlak paZici suspenze na Cele vyrubu [bar] v zdvislosti na staniCe- HOBAS jacking GRP tubes with the growing chainage of the exca-
ni, pritlak tlatného rdmu [bar] a sila tlatného pistu [kN] vation face (the growth of the skin friction force in dependence on
v zavislosti na staniCeni. Déle bylo mozné z technologickych dat chainage was linear; the maximum value of the friction force of 3326
analyzovat dal3i duleZité ddaje, jako napf. pritlak fezné hlavy kN was reached at chainage m 188.3 from the launching chamber),
Stitu na Celo vyrubu, plastové treni kolony sklolamindtovych pro- loads acting on the HOBAS jacking tubes due to the thrust reaction
tlatovacich trub HOBAS s rostoucim stani¢enim &ela razby (rist | frame, the excavation advance rate etc.
plastové tieci sily byl v zdvislosti na stanieni linedrni, maxi- The excavation proceeded in the close mode. The tunnelling
maln{ hodnoty tieci sily 3326 kN bylo dosaZeno ve stanic¢eni machine itself consists of the cutterhead (for the excavation under
188,3 m od startovaci komory), zatiZeni trub tlanym rdmem, Kralovska Zahrada Garden in a modification for hard rock) and the
rychlost razby apod. shield itself with other two interconnected blocks (see Fig. 3). The
Razba probihala v uzavieném mddu. Samotny razici stroj se equalisation of ground pressures is carried out by setting the pro-
skladd z rezné (razici) hlavy (pro razbu pod Kralovskou zahradou portion between the pressure and the flow rate of the suspension
v modifikaci pro skalni horniny). Dile navazuje vlastni §tit through the feed line and slurry line in the machine, owing to which
s dal¥fmi dvéma vzdjemné propojenymi segmenty (viz obr. 3). the disintegrated material is hydraulically moved in the suspension
Vyrovnavani zemnich tlakii je provadéno nastavenim poméru to the surface. Water flowing through the feed line under a certain
tlaku a priitoku suspenze pfivodniho potrubi (v anglickém origi- pressure is mixed in the cutterhead space with the disintegrated
néle ,feed line*) a od&erpdvajictho potrubi (v originéle termin ground and this suspension is subsequently pumped through the
wslurry line*) ve stroji, diky kterému dochdzi k hydrau- slurry line into the separation unit. Flow meters are installed on
lickému odt&Zovani rozpojeného materidlu na povrch v suspenzi. both lines. It means that flow rates QFL (flow rate in the feed line)
Pfivodnim vedenim protékd pod uréitym tlakem voda, kterd se | and QSL [m¥/h] (flow rate in the slurry line) can be analysed. The
v prostoru fezné hlavy promichd s rozpojenou horninou a tato sus- volume of rock extracted from the heading per a given period of
penze je nasledné odcerpavana odvodnim vedenim do separadn{ time is determined on the basis of differences between these flow
jednotky. Ob& vedeni jsou osazena pritokoméry. Cili rates. This value is divided by the coefficient of bulk increase (the
z technologickych dat mohou byt analyzovany pritoky QFL value of 1.2 was taken into consideration in this case) and the result
(prutok v pfivodnim potrubi) a QSL [m3/h] (pritok is the value of the theoretical extracted volume of ground per
v od&erpdvacim potrubf). Na zdkladé rozdili téchto pratokd se a period of time QR [m¥h].
stanovi kubatura odté%ené horniny z vyrubu za dany Easovy Overbreaks (caverns) develop assuming that the condition QFL <
tsek. Tato hodnota se vydéli koeficientem nakypreni horniny (QSL - QR) is valid. If QFL > (QSL — QR), the rock mass becomes
(zde byla uvazovéna hodnota 1,2) a ziské se hodnota teoretické- saturated with water, respectively with the suspension from the feed
ho vytézeného objemu horniny za jednotku &asu QR [m3/h]. line. The excgvat'{on qnder Krilovskd Zahrada Garden of Prague
Za predpokladu Ze plati podminka QFL < (QSL — QR) (;astle was maintained in the close mode clorresponding to the condi-
dochdzi k tvorbé nadvylomua (kavernovéni). V pripadé€, Ze tion QFL > (QSL — QR) on the basis of this fact.
QFL > (QSL - QR) dochézi k syceni horninového masivu Surveying buildings by levelling
vodou, resp. suspenzi z privodniho potrubi. Na zdkladé toho Survey monitoring by levelling was applied in the case of part 3
byla pak udrZovéna razba pod Krdlovskou zahradou Prazského of sewer CO3 to 9 buildings on the grounds of Prague Castle. All
hradu v uzavieném mddu, ktery odpovidd podmince QFL > levelling points were installed on these surface buildings prior to the
(QSL - QR). excavation under Krdlovskd Zahrada Garden. Details of the points
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Obr. 8 Pevnosti hornin v prostém tlaku podél iiseku pod Krdlovskou zahradou (pruzkum, razba)
Fig. 8 Unconfined compressive strengths of rock along the section under Krdlovskd Zahrada Garden (survey, excavation)
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Geodetické sledovani objektt nivelaci

Geodetické sledovani nivelaci se u stoky CO3 — 3. ¢asti tykalo
celkem 9 objekta v aredlu Prazského hradu. Na vSech téchto
objektech nadzemni zdstavby byly osazeny veskeré nivela¢ni body
jiz. pred zahdjenim raZeb pod Krélovskou zahradou. Z duvodu
pozadavku maximalni ohleduplnosti ke konstrukcim a povrchim
sledovanych objekta byly detaily osazeni bodu projednédny se
zastupci odboru pamdtkové péce Kanceldre prezidenta republiky
a Spravy Prazského hradu a na zdkladé dohod byly body osazeny.

Prekroceni varovného stavu bylo zaznamendno na nékolika
bodech na Letohrddku krdlovny Anny, na kterém byl z davodu
vysokého stupné ochrany nastaven velmi prisny varovny stav
(1 mm) a maximdlni pfipustnd hodnota (2 mm). Na zZddném
z bodu viak nebyla dosazena maximdlni piipustnd deformace.
Maximdlni seddni na Letohrddku krdlovny Anny bylo —1,7 mm,
coz znamenalo vyCerpani 85 % maximadlni pripustné deformace.

Na ostatnich objektech nebylo dosaZeno piislusné hodnoty varov-
ného stavu, kterd byla pro kazdy objekt stanovena individudlné.

ZAVER

Razba treti ¢asti stoky CO3 mikrotunelovdnim pri pouZziti
mechanizovaného bentonitového §titu s primérem fezné hlavy
2 m pod Krélovskou zahradou Prazského hradu probéhla bez-
pe¢né, bez mimorddnych uddlosti a splnila pozadavky Spravy
Prazského hradu na minimalizaci ovlivnéni hladiny podzemni
vody i dal§ich indukovanych G¢inka raZby na pamatkové chra-
néné objekty v Kralovské zahradé. Dodnes provddéna méreni
drovné hladiny podzemni vody prokazuji spravnost pouZzitého
zpusobu razby. Vyznamnou roli pfi realizaci stoky CO3 — 3. &dst
hral i informacni databdzovy systém monitoringu BARBORA.
Jedna se o webovou aplikaci pro spravu, prezentaci a archivaci
dat geotechnického monitoringu s GISovym rozhranim vyvijeny
spolecnosti PUDIS a.s. Geotechnicky monitoring stavby stoky
CO3 napomohl ke zdarnému a bezpe¢nému dokoncenf stavby.
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installation were negotiated with representatives of the Department
of Heritage Preservation of the Office of the President of the
Republic and the Prague Castle Administration because of
a requirement for maximum respect for structures and surfaces of
the objects being monitored; the points were installed on the basis of
the agreements.

Exceeded warning states were registered on several points on
Letohrddek Krdlovny Anny Royal Summer Palace, on which a very
strict degree of protection with the warning state value of 1mm and
the maximum permitted value (2mm) were set. Nevertheless, the
maximum permitted deformation value was reached on none of the
points. The maximum deformation on the Letohrddek Krdlovny
Anny building amounted to -1.7mm, which meant that 85% of the
maximum permitted deformation was exhausted.

The respective warning state value, which was determined indivi-
dually for each building, was not reached on the other buildings.

CONCLUSION

The excavation of the third part of Sewer CO3 by the microtun-
nelling method using a mechanised slurry shield with the cutterhe-
ad diameter of 2m under Krdlovskd Zahrada Garden of Prague
Castle was carried out safely, without extraordinary events and met
the requirements of the Prague Castle Administration for minimi-
sing the impact on the water table and other induced effects of the
excavation on listed buildings in Krdlovskd Zahrada Garden. The
till now carried out measuring of the water table level has proved
that the tunnelling technique used was correct. Important role
during the realisation of Sewer CO3 — Part 3 was played by the
BARBORA information database monitoring system. It is a web
application for administration, presentation and archiving of geo-
technical monitoring data with GIS interface being developed by
PUDIS a.s. The geotechnical monitoring of the construction of
Sewer CO3 helped to the successful and safe completion of the
works.
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Mgr. PAVEL TI}MA, pavel.tuma@pudis.cz,
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POZNATKY 2 INZENYRSKOGEOLOGICKEHO PRUZKUMU
PRO TUNEL RADLICE

KNOWLEDGE FROM ENGINEERING GEOLOGICAL SURVEY
FOR RADLICE TUNNEL

RADOVAN CHMELAR, LIBOR SILA, PAVEL TUMA, BOLESLAV BREZINA

ABSTRAKT

Radlickd radidla bude v budoucnosti propojovat praZsky silni¢ni okruh (nové ddlnice DO) a méstsky silnicni okruh. Na trase
této radidly je navrhovdn raZeny tunel Radlice o délce cca 2200 m. Bude tvoren severni a jizni tunelovou troubou a dvéma vjez-
dovymi a vyjezdovymi rampami (tunelovymi vétvemi). Jeho raZba bude probihat prevdziné ve zdravych ordovickych, silurskych
a devonskych hornindch. Velkym rizikem pro razbu bude vyskyt az 100 m hlubokych krasovych jevu, prevdzné v devonskych vdpen-
cich, které jiz v roce 1981 zpiisobily mimorddnou uddlost pri razbé kmenové stoky ,,P“, jeZ se s navrhovanym tunelem mimo-
tiroviiové kiizi. 'V soucasné dobé se provddi podrobny inZenyrskogeologicky pruzkum pro celou trasu Radlické radidly. Jeho
souldsti je i priuzkumnd $tola délky 850 m, vedend v budouci trase severni tunelové trouby tunelu Radlice. DuleZitou iilohou
prizkumné §toly je mimo jiné lokalizace mist s vyskytem krasovych jevii. Ziskand data a informace z priuzkumu budou podkladem
pro dalsi fdze projektové pripravy tunelu Radlice. Priizkumnd Stola byla k 11/2015 vyraZena v celé navrhované délce
a v soucasnosti zde probihd vriny prizkum, geotechnické zkousky a geofyzikdlni méreni.

ABSTRACT

The Radlice Radial Road will interconnect the Prague City Ring Road (newly the DO motorway) and the City Circle Road (the
Prague inner circle) in the future. The ca 2200m long Radlice tunnel is designed for this radial road route. It will consist of the
northern and southern tunnel tubes and two entrance and exit ramps (tunnel branches). It will be driven mostly through compe-
tent Ordovician, Silurian and Devonian rock types. A great risk for the excavation will lie in the occurrence of up to 100m deep
karst phenomena,mostly in the Devonian limestone, which caused as long ago as 1981 an extraordinary event during the exca-
vation of trunk sewer “P” ,which crosses in a grade-separated way the tunnel being designed. The detailed engineering geologi-
cal survey for the whole route of the Radlice Radial Road is currently underway. Its part is also an 850m long exploratory galle-
ry running along the future Radlice tunnel alignment. One of important tasks of the exploratory gallery is to locate places where
karst phenomena are to be encountered. The data and information obtained from the survey will become a source document for
the next Radlice tunnel design preparation phases. The excavation of the full exploratory gallery length was finished in 11/2015
and exploratory drilling, geotechnical tests and geophysical measurements are being carried out there.

ovob

Tunel Radlice je koncipovédn jako soucdst Radlické radidly,
kterd v budoucnu propoji méstsky silniéni okruh s prazskym
silniénim okruhem a bude pfimo navazovat na délnici D5 z Plz-
né, potazmo z hrani¢niho pfechodu se SRN v Rozvadove.
Budouci tunel Radlice bude tvoren dvéma tunelovymi troubami,
ato severni (STT) a jizni (JTT). V oblasti Smichova se pak v tu-
nelovych rozpletech budou oddélovat od obou tunelovych trub
jesté vjezdové a vyjezdové tunelové rampy (tunelové vétve).
Navrhovana délka raZzeného tunelu je 2200 m. Tunely budou
feSeny konstrukéné jako klenbové s mezistropem oddélujicim
vzduchotechnické kandly od dopravniho prostoru. Z hlediska
ochrany proti prusakim podzemni vody je navrhovdna kombi-
nace systému s tzv. deStnikovou izolaci se systémem s uzav-
fenou tlakovou izolaci v oblasti Zlichova a Div¢ich hradu, kde
se nalézd zvlasté chrdnéné uzemi prirodni pamadtka Ctirad
(Merta et al., 2011 a Dohndlek et al., 2014). Z pohledu Sitko-
vého usporaddni se jednd o tunely tfipruhové a dvoupruhové
s ra¥enym profilem pfesahujicim 150 m?2 pfi tifpruhovém uspo-
radani.

Investorem Radlické radidly je odbor strategickych investic
Magistratu hlavniho mésta Prahy, zastoupeny mandatdfem
VIS, a.s. Projektantem v8ech stupnu projektové pripravy stav-
by je sdruzeni firem PUDIS a.s. a SATRA, spol.
s 1.0. (sdruZeni PUDIS-SATRA). V soucasné dob¢ se provadi

INTRODUCTION

The Radlice tunnel is conceived as a part of the Radlice
Radial Road, which will interconnect the City Circle Road
with the Prague City Ring Road in the future and will link to
the D5 motorway from Plzen, consequently from the border
crossing with the BRG in Rozvadov.The future Radlice tunnel
will be formed by two tunnel tubes, the northern one (NTT)
and the southern one (STT). In addition, entrance and exit
tunnel ramps (tunnel branches) will separate themselves from
the two tunnel tubes in bifurcation chambers in the area of
Smichov. The design length of the mined tunnel is 2200m.The
tunnel tubes will be structurally designed as vaulted structures
with intermediate decks separating ventilation ducts from the
traffic space. In terms of the protection against groundwater
seepage, a combination of the so-called umbrella waterproo-
fing system with closed waterproofing system in the area of
Zlichov and Div¢i Hrady, where the Ctirad area, an especial-
ly protected natural monument (Merta et al., 2011 and
Dohnalek et al., 2014) is located. From the aspect of the width
geometry, it is the case of triple-lane and double-lane tunnels
with the mined cross-section exceeding 150m? at the triple-
lane geometry.

The Radlice Radial Road project owner is the Department
of Strategic Investment of the Prague City Hall, which is
represented by VIS, a.s., the mandatary. The designer of all
project design preparation degrees is a consortium consisting
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Obr. 1 Pruval zvodnélé zeminové vyplné krasovych jevu pri razbé stoky ,,P“ v roce 1981
Fig. 1 Inrush of water-bearing soil filling of the karst phenomena during the excavation of sewer “P” in 1981

Obr. 2 Casovy pritbéh Cerpdni podzemni vody po havdrii ve stoce ,,P* v roce 1981

Fig. 2 Time history of pumping groundwater after the collapse of sewer “P” in 1981

podrobny inZenyrskogeologicky prazkum pro celou Radlickou
radidlu, jehoZ soucdsti je i razba prizkumné $toly pro tunel
Radlice. Vy§§im dodavatelem tohoto prazkumu, v&etné razicich
praci na priuzkumné $tole, je spolenost Subterra a.s. Pruzkumné
prdce, jak v pruzkumné Stole, tak i pro celou trasu Radlické
radidly, zajiStuje jako podzhotovitel PUDIS a.s. Realizacni
dokumentaci prazkumné $toly zpracovala SATRA, spol. s r.0.

Jeden z mnoha argumentd pro vystavbu pruzkumné $toly je
potvrzeny vyskyt primdrnich krasovych jevi znacné hloubky
v dané oblasti. Toto riziko je zndmo jiZ z razby stoky ,,P“ v roce
1981, kterd je situovand v oblasti Divéich hrada vice neZ 100 m
pod povrchem a v podstat¢ kolmo mimoudroviiové protind
budouci trasu razeného tunelu Radlice, ve staniceni cca
0,885 km.

Pri razbé kmenové stoky ,,P* v dseku Hlubocepy — Radlice
v roce 1981 doSlo na rozhrani devonskych a silurskych vipen-
ct k nafdrani velmi hluboké lokélni predkiidové korozni kraso-
vé deprese se zvodnélou zeminovou vyplni (pisky a jily se zvét-
ralinami kfidového peruckého souvrstvi) o mocnosti az 30 m.
To zapfi¢inilo mimofddnou udalost — havérii. Vlivem pruvalu
zeminové vyplné krasového tdtvaru doslo ke vzniku kaverny
cca 800—1000 m? v nadloZi §toly. Zdval vytvofil ve stoce plo-
chy kuZel, dlouhy 140-150 m (obr. 1). Tésné po pruvalu byl
odhadovén (podle provadéného Cerpdni) pritok podzemni vody
o velikosti 50-60 1.s™'. Za cca 10 dnf klesl na 13 1.s™! , nakonec
se cca po mésici ustalil na 8 1.s™' (obr. 2). Nafdrani zminénych
hlubokych krasovych jevu s vyplni zvodnénych nesoudrznych
zemin je tedy redlnym rizikem i pro razbu navrhovaného tune-
lu Radlice.

Dal§im zdsadnim divodem pro razbu pruzkumné S$toly je
ovéreni vlivu razeb na hydrogeologické poméry v oblasti zv14s-
té chranéného tdzemi — pfirodni pamatky Ctirad pro koneéné
rozhodnuti o volbé ndvrhu izolatniho systému tunell, coz ma
vyznamny vliv na investiéni nédklady stavby (ve vazbé na
dimenzovan{ sekundédrniho osténi tunelt na pusobici hydrosta-
ticky tlak). Kromé vySe uvedenych divodu je samoziejmé
nutné podrobné prozkoumat horninovy masiv budoucich tune-
1t jak z hlediska geologické skladby, hydrogeologickych pomé-
ra, tak i stanoveni geomechanickych parametri horninového
masivu pro ndvrh razby a dimenzovan{ tuneld. V rdmci podrob-
ného inZenyrskogelogického pruzkumu byla do listopadu 2015

of PUDIS a.s. and SATRA, spol. s r.o. (the PUDIS-SATRA
Consortium). The detailed engineering geological survey is
currently being carried out for the entire Radlice Radial Road.
The excavation of the exploratory gallery is its part. The main
contractor for this survey, including the excavation work on
the exploratory gallery, is Subterra a.s. The exploratory work
both in the exploratory gallery and for the entire Radlice
Radial Road alignment is carried out by a sub-contractor,
PUDIS a.s. The detailed design of the exploratory gallery was
carried out by SATRA, spol. s r.o.

One of many arguments for the construction of the explora-
tory galley is the confirmed occurrence of significantly deep
primary karst phenomena in the particular area. This risk has
been known since the excavation of the trunk sewer “P” in
1981, which is located in the area of Div¢i Hrady, over 100m
deep under the surface and crosses in substance perpendicu-
larly, at a separate grade, the future alignment of the Radlice
mined tunnel at chainage km 0.885.

During the excavation of sewer “P” in the Hluboclepy —
Radlice section in 1981, a very deep local pre-Quaternary cor-
rosion karst depression with water-carrying soil fill (sand and
clay with solid products of weathering of the Peruc
Formation) up to 30m high was tapped at the interface betwe-
en the Devonian and Silurian limestone rock types. It caused
an extraordinary event — an emergency. A cavern with the
volume of ca 800-1000m? developed as a result of the inrush
of the soil fill of the karst unit in the gallery overburden. The
collapse created a flat cone 140-150m long in the sewer (see
Fig. 1). The groundwater inflow immediately after the inrush
was estimated (according to the pumping carried out) at 50-
60L.s!. It dropped in 10 days to 13Ls™, and, after ca a month,
it stabilised at 8L.s™' (see Fig. 2). The tapping of the above-
mentioned deep karst phenomena with a water-bearing inco-
hesive soil fill is therefore a realistic risk even for the exca-
vation of the Radlice tunnel being designed.

Another basic reason for driving the exploratory gallery is
the verification of the impact of the excavation on hydrogeo-
logical conditions in the area of the nature reservation area, the
natural monument Ctirad. The result is important for the final
decision on the selection of the design of the waterproofing
system for the tunnels, which significantly influences the pro-
ject investment costs (in relation to designing the secondary
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Obr. 3 Situace pruzkumné $toly s vyznadenymi pracemi inZenyrskogeologického pruzkumu
Fig. 3 Layout of the exploratory gallery with engineering geological survey operations marked in it

realizovdna pruzkumna Stola délky 850 m. Plocha vyrubu $toly
je 13,46 m2, ve vyhybnach 23,35 m2. Pfistup do prizkumné
Stoly je umoznén 12 m hlubokou (t€Zni) Sachtou, nachdzejici
se v blizkosti Zlichovského tunelu, ktery je soucdsti mestské-
ho okruhu. Prazkumnd $tola byla raZena v severni tunelové
troubé (STT) budouciho tunelu Radlice, az do oblasti za jeji
mimouroviové kiizeni s kmenovou stokou , P, které se
nachdzi pod profilem budouciho tunelu. Béhem néslednych
razeb tunelu Radlice bude celé osténi pruzkumné $toly postup-
né likvidovdno. Prdace na pruzkumné Stole zaCaly v Cervnu
2014 hloubenim pristupové Sachty a po cca 1,5 roce byly
uspésné dokonceny v listopadu 2015. V soucasnosti (prosinec
2015) zde probihaji vrtné prazkumné préce do jizniho tunelu
(JTT) a do predpoli severniho tunelu (STT) za koncem pra-
zkumné $toly. Ddle jsou také provadény soubory terénnich
geotechnickych zkouSek (presiometrickd méfeni ve vrtech,
zatézovaci zkousky deskou) a cely komplex geofyzikdlnich
méreni.

V dalsich kapitolach tohoto ¢lanku jsou zrekapitulovany
vybrané, doposud ziskané poznatky z inZenyrskogeologického
pruzkumu provadéného z prizkumné $toly (obr. 3).

ZASTIZENE INZENYRSKOGEOLOGICKE POMERY

Tunel Radlice je situovan prevazné do vyvySené ploSiny
Div¢ich hradu, kterd je omezena strmymi svahy (na vychodé
udolim Vltavy, na jihu Prokopskym tdolim). Aktudln¢ predpo-
klddané geologické poméry jsou dobre patrné z podélného geo-
logického fezu (obr. 4).

Horniny skalniho podloZi jsou paleozoického stari. Patii do
regiondlne geologického ttvaru zvaného Barrandien. Od vycho-
du, od tdoli VItavy na Smichové, jsou to nejprve horniny silur-
ské tektonické kry, na které po vyrazném tektonickém porucho-
vém pdsmu navazuji horniny devonské (dvorecko-prokopské
vapence a lochkovské souvrstvi), které tvori strmy srdaz domi-
nanty plo§iny Div&ich hradu. Po nich ndsleduji horniny silurské
(v pridolském — dnes nazyvaném pozarském souvrstvi, kopa-
ninském a motolském souvrstvi) a ddle ordovické horniny
(v kosovském, kralodvorském, bohdaleckém a v oblasti hloube-
nych tunell i zahofanském souvrstvi). Z hlediska stratigrafie je
sled jednotlivych souvrstvi pfesné naopak. Tyto paleozoické
horniny byly pak pfi variském vrdsnéni nejprve zvrdsnény
a posléze rozldamdny podél tektonickych linii. Pred kridovou
transgresi do$lo v oblasti Div&ich hradt k hlubokému fosilnimu
zvétrani a v nékterych devonskych vapencich i ke vzniku hlu-
bokych primérnich krasovych ttvara — lokdlné i depresi se
zeminovou vyplni, obsahujici zbytky kfidovych sedimentu
peruckého souvrstvi.

lining of the tunnels for hydrostatic pressure). Apart from
the above-mentioned reasons, it is naturally necessary to
examine the ground massif for the future tunnels both from
the aspect of the geological structure, hydrogeological con-
ditions and the determination of geomechanical parameters
of the ground mass for the design of the excavation techni-
que and sizing the tunnels. An 850m long exploratory galle-
ry was realised within the framework of the detailed hydro-
geological survey by November 2015. The excavated cross-
sectional area of the gallery is 13.46m?, whilst in passing
bays it is 23.35m?2. The access to the exploratory gallery is
possible through a 12m deep (hoisting) shaft, which is loca-
ted in the vicinity of the Zlichov tunnel, which is part of the
City Circle Road. The exploratory gallery was driven along
the northern tunnel tube alignment (NTT) of the future
Radlice tunnel, up to the area beyond its grade-separated
intersection with trunk sewer “P”, which is located under
the future tunnel profile. The whole lining of the explorato-
ry gallery will be gradually removed during the subsequent
Radlice tunnel excavation. The work on the exploratory gal-
lery started in June 2014 by excavating an access shaft. It
was successfully finished after ca 1.5 years in November
2015. Currently (December 2015) the drilling survey for the
southern tunnel tube and the advance core of the northern
tunnel tube beyond the end of the exploratory gallery is
underway. In addition, sets of field geotechnical tests (pres-
suremeter measurements in boreholes, plate tests) and the
whole complex of geophysical measurements are being con-
ducted.

The selected pieces of knowledge till now obtained from the
engineering geological survey carried out from the explorato-
ry gallery are recapitulated in the next chapters of this paper
(see Fig. 3).

ENGINEERING GEOLOGICAL CONDITIONS ENCOUNTERED

The Radlice tunnel is located mostly in the elevated plateau
of Div¢l Hrady, which is restricted in the east by the Vltava
valley and by the Prokop valley in the south by steep slopes.
The currently anticipated geological conditions are well obvi-
ous from the longitudinal geological section (see Fig. 4).

The rock types forming the bedrock are of the Palaeozoic
age. Regionally they belong to the geological unit called
Barrandiene. From the east, from the Vltava River valley in
Smichov, there are first the Sillurian age tectonic block, to
which, after a significant tectonic fault zone, Devonian rock
types follow (Dvorce-Prokop limestone and Lochkov
Formations), forming steep escarpment of the Div¢i Hrady
dominant plateau. After them, Silurian rock types follow (in
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Obr. 4 Aktudlni podélny geologicky rez tunely Radlice s vyznacenim rozsahu pruzkumné $toly
Fig. 4 Current longitudinal geological section through the Radlice tunnel tubes with the extent of the exploratory gallery marked in it

Prizkumnd Stola byla navrZena tak, aby jeji razba zastihla the Pridoli Formation — today called the Pozary Formation,

predev§im rizikovd devonska souvrstvi (dvorecko-prokopské the Kopanina and Motol Formations) and further the
véapence a lochkovské souvrstvi) a také nasledna silurska sou- Ordovician rock types (in the Kosov, Krdalav Dvur, Bohdalec
vrstvi. Jadrovy 70 m dlouhy horizontdln{ vrt z konce prazkum- and, in the area of cut-and-cover tunnels, even the Zahorany
né Stoly mél za cil ovéfit hranici mezi silurskymi horninami Formations). In terms of stratigraphy, the sequence of indivi-
a ordovickymi horninami kosovského souvrstvi. dual formations is exactly reverse. These Palaeozoic rock
Razba vlastni pruzkumné Stoly probihala od piistupové Sach- types were first folded and subsequently broken along tecto-
ty na Smichové nejprve v navétralych, posléze zdravych, des- nic lines during the Variscan orogeny. Deep fossil weathering
kovité vrstevnatych silurskych hornindch liteniského a ko- existed in the area of Div¢i Hrady before the Cretaceous
paninského souvrstvi (stfiddni vapnitych prachovitych bfidlic | transgression; even deep primary karst phenomena developed
s pevnosti zdravé horniny 25-35 MPa a vloZek vépenct in some Devonian limestone — local depressions filled with
soil containing remnants of Cretaceoussediments of the Peruc

Formation.

The exploratory gallery was designed with the objective to
encounter first of all the risky Devonian Formations (Dvorce-
Prokop limestone and Lochkov Formations) and also the sub-
sequent Silurian Formations. The 70m long horizontal cored
borehole from the end of the exploratory gallery was designed
to verify the boundaries between the Silurian and also
Ordovician rock types of the Kosov Formation.

The excavation of the exploratory gallery itself proceeded
from the access shaft in Smichov, first through slightly weat-
hered and later massive tabularly bedded Silurian rock types
of the Liten and Kopanina Formations (the alternation of
calcareous silty shale with the massive rock strength of
25-35MPa and limestone interbeds with the strength of
35-70MPa), forming the tectonic block in the area of the futu-
re Zlichov portals up to KriZzova Street. Further on, in the tec-
tonic fault zone with lower strength-related and deformational
Obr. 5 Fotografie Gela vyrubu v devonskych vdpencich lochkovského | Pparameters, the excavation continued through massive
souvrstvi, kde je patrné korozni krasové zvétrdni horninového masivu aZ do Devonian rock types (forming the terrain elevation — Div¢él
hloubek 90 m pod terénem . ) ) Hrady hill). First it passed through Dvorce-Prokop platy to
Fig. 5 Photo of the excavation face in the Lochkov Formation Devonian L. . .

tabularly jointed limestone with the strength of the rock mate-

limestone, where the corrosion karst weathering of the rock massif is obvious : ) .
up to the depth of 90m under the terrain surface rial of 40-130MPa, later through Lochkov limestone with the




Obr. 6 Pritok podzemni vody 7 krasové pukliny v lochkovském souvrstvi, ktery
zpuisobil dstecné zatopeni dna pruzkumné Stoly

Fig. 6 Groundwater inflow from a karst fissure in the Lochkov Formation
which caused partial inundation of the exploratory gallery bottom

s pevnosti 35-70 MPa), které tvori tektonickou kru v oblasti
budoucich zlichovskych portdla a7z po ul. KifZzovd. Dile
v tektonické poruchové zo6né s niz§imi pevnostnimi
i pretvarnymi parametry razba pokracovala v pevnych devon-
skych hornindch (tvorici terénni elevaci — vrch Divei hrady).
Nejprve tedy ve dvorecko-prokopskych deskovité az lavicovité
vrstevnatych vapencich s pevnosti horninového materidlu
40-130 MPa a posléze v lochkovskych vépencich s pevnosti
horninového materidlu 52-25 MPa. Ve dvorecko-prokopskych
hliznatych vdpencich (misty s vlozkami bridlic) byla zastiZena
i geologicky zajimava poloha — Zila biotitického lamprofyru —
minety. Ndasledné vapence lochkovského souvrstvi jsou zde
vyrazné masivni, lavicovité vrstevnaté, Cisté, bez vlozek bridlic,
nariZové€lé, az dolomitické. Na kiiZeni puklin a podél souvis-
Iych diskontinuit jsou vyrazné krasové zvétrany aZz do hloubky
Stoly cca 90 m pod povrchem (patrné na obr. 5).

Pii razbé v lochkovském souvrstvi byly zastizeny drobné
rozeviené dutiny do 0,5 m, misty ¢dste¢né vyplnéné na st€néach
krystaly kalcitu. Ve stani¢eni 0,517 km byla v pravé strané Cela
vyrubu nafdrdna krasovd puklina, ¢aste¢né vyplnéna piscitou
a jilovitou vyplni, ze které se otevrel soustfedény pritok pod-
zemni vody aZ cca 10 i vice 1/s (obr. 6), jenZ velmi rychle zpu-
sobil ¢éstecné zatopeni dna pruzkumné Stoly.

Pri dalSich postupech se pristoupilo k systematické realizaci
jadrovych predvrta, délky 20 m s prekryvem cca 4 m. Krasovd
korozni alterace horninového masivu byla pritomnd v celém
useku razby ve vapencich lochkovského souvrstvi. Pfi inZenyr-
skogeologické dokumentaci razby prazkumné $toly bylo zjisté-
no, Ze krasové jevy jsou vazany pouze na tyto chemicky Cistsi
lochkovské vdpence v kotyské facii. Tim vSak neni vyloucené
krasovéni razbou zastiZenych dvorecko-prokopskych védpencu.
V ur¢itém podilu vSak tyto hliznaté vdpence obsahuji jilovité
bridlice (prevdzné v obalu hliz), které mohou fungovat jako
izolatory mezi jednotlivymi puklinami, proto je zde nizs{ prav-
dépodobnost vyskytu krasovych jevu ve vétSich hloubkéch a ve
vétsim rozsahu. Vyrazné krasovéni tedy probihalo v loch-
kovském souvrstvi pouze podél systému prubéznych propoje-
nych puklin a jeho rozsah tomu odpovidal. Stdle vSak neni
vylouéena pritomnost rozsdhlejSich krasovych forem (hlubo-
kych depresi) v $ir§im okoli pruzkumné Stoly, a to predeviim
v oblasti jizniho tunelu, nebot zde se razba priblizuje k mistu
z4valu kmenové stoky ,,P*.
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strength of the rock material of 52-25MPa. A geologically
interesting layer — a biotite lamprofyre dyke (a minette) was
encountered in the Dvorce-Prokop nodular limestone (locally
with shale interbeds). The subsequent limestone of the
Lochkov Formation is significantly massive in this location,
tabularly bedded, clear, without shale interbeds, pinkish, up to
dolomitic. It is significantly karstically weathered at intersec-
tions of cracks and along persistent discontinuities up to the
gallery depth of ca 90m under the surface (visible in Fig. 5).

Small open cavities up to 0.5m high, locally partially filled
with calcite crystals on the walls, were encountered during the
excavation through the Lochkov Formation. A karst fissure,
partially filled with sand and clay, was tapped at chainage km
0.517 on the right side of the excavation face. The concentra-
ted inflow of groundwater up to ca 10L/s or more which ope-
ned from the fissure (see Fig. 6) caused very quickly partial
inundation of the exploratory gallery bottom.

Systematic realisation of 20m-long cored boreholes into the
advance core, overlapping ca 4m, started during the subsequ-
ent advance steps. The karstic corrosive alteration of the rock
mass was present throughout the length of the excavation
through the Lochkov Formation limestone. It was identified
during the engineering geological documentation of the
exploration gallery that karst phenomena are bound to this
chemically clearer Lochkov limestone in the Kotys facies.
Nevertheless, this fact does not mean that the karstification of
the Dvorce-Prokop limestone encountered by the excavation
is excluded. However, this nodular limestone contains
a certain proportion of clayey shale (mainly in the coating of
the nodules), which can function as isolators between indivi-
dual fissures. For that reason the probability of the occurren-
ce of karst phenomena at greater depths and to greater extent
is lower here. Significant karstification therefore proceeded in
the Lochkov Formation only along the system of continually
interconnected fissures and the extent corresponded to it. The
presence of more extensive karst forms (deep depressions) in
the wider surroundings of the exploratory gallery is still not
excluded, first of all in the southern tunnel tube area because
we get there closer to the location of the trunk sewer “P” col-
lapse location

It was detected during the subsequent excavation that the
karstic disturbance of the rock massif already disappears
after the transition from the Lochkov Formation (Devonian)
to Silurian rock types of the Pridoli (Pozary) Formation at
chainage km 0.661. The Pridoli (Pozary) Formation is cha-
racterised here by the alternation of calcareous silty shales
with the strength ranging from 7MPa to 17MPa and bitumi-
noferous limestone with the strength of 61MPa to 115MPa.
At chainage km 0.700, the excavation of the gallery passed
to the Kopanina Formation represented by calcareous grey-
black, silty-clayey shale, in the beginning with dark grey,
fine-grained limestone interbeds, the proportion of which in
the excavated profile gradually decreased. At the end of the
passing bay at chainage km 0.771, the fourth in the order,
a layer of light grey to dark green-grey diabase, more preci-
sely a lava granulated material (Palaeozoic sub-marine tuffi-
tic extrusive basalt) was encountered. These volcanic origin
layers further appeared at the interface between the
Kopanina and Motol formations (Silurian). The strength of
the rock material of this diabase (granulated lava material)
varied between 23—-68MPa. Light grey, laminated tuffitic
shale to siltstone was documented in this section together
with the lava granulated material. With respect to the litho-
logical similarity of the rock forming the base of the
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Obr. 7 Strukturni analyza horninového masivu metodou klicovych bloku
Fig. 7 Structural analysis of rock massif using the Key-Block Method

Pfi ndsledné razbé bylo zjisténo, Ze pri prechodu z loch-
kovského souvrstvi (devon) do silurskych hornin pridolského
(pozarského) souvrstvi ve stani¢eni 0,661 km krasové poruseni
horninového masivu jiz mizi. Pfidolské (pozdrské) souvrstvi je
zde charakterizovdno stfiddnim vdpnitych prachovitych bridlic
s pevnosti horninového materidlu 7—17 MPa a bituminéznich
vépencu s pevnosti 61-115 MPa. Ve staniceni 0,700 km presla
razba Stoly do kopaninského souvrstvi, zastoupeného vapnity-
mi, SedoCernymi, prachovitojilovitymi bridlicemi, zpo&atku
s vloZkami tmavé Sedych jemnozrnnych vdpencu, jejichZ podil
ve vyrubu postupné klesal. Na konci v poradi ¢tvrté vyhybny,
tj. ve staniCeni 0,771 km, byla zastiZzena poloha svétle Sedého
az tmavé zelenoSedého diabasu, presnéji lavového granuldtu
(paleozoické submarinni tufitické vylevné bazalty). Dale se
tyto polohy vulkanického puvodu objevovaly na rozhrani
kopaninského a motolského souvrstvi (silur). Pevnost hornino-
vého materidlu téchto diabasa (ldvovych granuldti) se pohy-
bovala v rozmezi 23-68 MPa. Spole¢né s lavovym granuldtem
byly v tomto tdseku dokumentovany svétle Sedé, laminované
tufitické bridlice az prachovce. Vzhledem k litologické podob-
nosti hornin baze kopaninského souvrstvi a litenského sou-
vrstvi byla hranice predbézné definovana poslednim vyskytem
lavového granuldtu ve staniceni 0,884 km. Sedoerné pracho-
vitojilovité bridlice litenského souvrstvi mély vy$si obsah
organického uhliku a obsahovaly hojné zdvalky, Zilky aZ shlu-
ky pyritu a byly tektonicky proklouzané s ohlazy na plochdch
diskontinuit.

Pri razbé byly dokumentovany vyrazn€jsi nesoustredéné pri-
toky podzemni vody na Cele vyrubu, a to pfevdzné jen v oblasti
tektonické kry silurskych hornin v dvodni ¢asti razby prizkum-
né Stoly, tedy cca az po ul. Kfizovd, kde je stdle nizké nadlozi.
Po ndsledném piechodu razby do devonskych vdpencu, kde

Kopanina Formation and the Motol Formation, the boundary
was preliminarily defined by the last occurrence of the
granulated lava material at chainage km 0.884. The grey-
black silty-clayey shale of the Motol Formation had a higher
content of organic carbon and contained numerous coal
pebbles, veins to clusters of pyrite and were tectonically
polished with slickensides on discontinuity surfaces.

More significant non-concentrated groundwater inflows
were documented at the excavation face during the excavati-
on, mostly only in the area of the tectonic block of Silurian
rock types in the initial part of the exploratory gallery exca-
vation, ca up to KfiZzova Street, where the overburden was still
low. After the subsequent passage of the excavation to
Devonian limestone, where the gallery overburden steeply
rises, the excavation face was dry, locally moist. The con-
centrated inflow from a karst cavity at chainage km 0.517, at
the beginning of the Lochkov Formation limestone, was an
exception. This fact corresponds to the theory that the water
table in these Devonian rock types is bound to a near-surface
aquifer (ca 10m under the terrain surface in the area of Div¢i
Hrady) and groundwater gets to the depths at which the explo-
ratory gallery is excavated mostly only along open persistent
karstified discontinuities. No more significant groundwater
inflow was recorded during the realisation of safety cored
boreholes into the advance core from the excavation face — the
boreholes were mostly dry.

Corrosion degree XAl has been confirmed for the time
being for the samples of ground water from the inflows in the
exploratory gallery from Devonian rock types and degrees
XA1 to XA2 for Silurian rock types.

The structural analysis of the rock massif using the Key-
Block Method was also conducted within the framework of
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Obr. 8 Schéma umisténi vrtu v presiometrickém profilu a fotografie z prubéhu presiometrické zkousky ve stole
Fig. 8 Chart of the positions of boreholes in a pressuremeter profile and photos from the course of a pressuremeter test in the gallery

strmé stoupd nadloZi nad $tolou, bylo ¢elo vyrubu suché, misty
vlhké. Vyjimku tvoril soustfedény pritok z krasové dutiny ve
stani¢en{ 0,517 km na zacdtku vdpencu lochkovského souvrstvi.
To koresponduje s teorii, Ze hladina podzemni vody je v téchto
devonskych hornindch vdzana na pripovrchovou zvoden (cca
10 m pod terénem v oblasti Div&ich hrada) a do hloubek, ve kte-
rych je razena pruzkumna $tola, se podzemni voda dostdva pre-
védzné jen po rozevienych, prubéZnych zkrasovatélych diskonti-
nuitdch. Pfi realizaci bezpe¢nostnich jadrovych predvrtu z elby
nebyl zaznamendn vyraznéjsi pritok podzemni vody — vrty byly
prevazné suché.

U analyzovanych vzorki podzemni vody =z pfitoku
v pruzkumné Stole byl zatim potvrzen pro devonské horniny
stupen agresivity XAl, pro silurské horniny stupen agresivity
XAl az XA2.

V rdmci inZenyrskogeologického prazkumu byla také prova-
déna strukturni analyza horninového masivu metodou kli¢o-
vych bloku. Na zékladé podrobného vyhodnocen{ diskontinuit
v horninovém masivu byla tato strukturni kinematickd analyza
nezajisténého horninového masivu prubézné provadéna
s ohledem na moZné vyjizdéni a vypaddvdni horninovych bloku
v nezajistené Casti Cela vyrubu $toly (obr. 7). Podrobnou struk-
turni analyzou horninového masivu bylo zji$téno, Ze pri zasti-
7ené kombinaci prubéznych ploch vrstevnatosti a tektonickych
puklin dochdzi k tvorbé uvolnénych horninovych bloka
v nezaji§teéné asti vyrubu.

Nasledné bude ve vybranych profilech provedena i predikce
pro vyruby samotnych tuneld. Nezaji§tény vyrub podzemnich
dél, razenych v rozpukanych blokovitych horninovych masi-
vech, je Casto poruSovan vyjizd€jicimi a vypaddvajicimi bloky
hornin (ddle jen kliny) podél systému diskontinuit. Kliny vzni-
kaji na kiiZzeni vyznamnych strukturnich prvka, jako jsou plo-
chy vrstevnatosti, tahové, tlakové ¢&i stfizné pukliny a tek-
tonické poruchy (zlomy-poklesy, presmyky, poruchova pasma).
Tyto strukturni prvky rozdéluji horninovy masiv na diskrétni
horninové celky. Pfi razbé podzemniho dila dochdzi k re-
distribuci napéti v horninovém masivu, ke zméné okrajovych
podminek a navySeni stupfit volnosti jednotlivych klina.
V dusledku téchto zmén muZe dochédzet k vyjizdéni a vy-
paddvéni jednotlivych klina do vyrubu.

PRUZKUMNE VRTY DO OBLASTI JIZN[HO TUNELU

Po vyraZeni pruzkumné Stoly se v dobé psani &ldnku
v podzemi realizuji subhorizontdlni jadrové vrty do vytipova-
nych oblasti jizniho tunelu a jeden vrt je situovdn do oblasti
severniho tunelu za koncem pruzkumné §toly (patrné na situaci

the engineering geological survey. This structural kinematic
analysis of unsupported rock mass was continually carried out
with respect to possible sliding and falling of rock blocks in
the unsupported part of the gallery heading determined on the
basis of the detailed assessment of discontinuities in the rock
mass (see Fig. 7). A similar structural analysis of rock mass
determined that loosened rock blocks are created in the unsup-
ported part of the excavation at the combination of persistent
bedding planes and tectonic fissures.

Subsequently, even the prediction for the excavation of
the tunnels themselves will be carried out in selected profi-
les. The unsupported excavation of underground workings
mined through fractured blocky rock massifs is often dama-
ged by rock blocks slipping and falling from it (hereinafter
mentioned as rock wedges) along discontinuity systems.
The wedges originate at the intersections of significant
structural elements, such as bedding planes, tension, pressu-
re or shear fissures and tectonic faults (faults-dips, overt-
hrusts, zones of fracture). These structural elements divide
the rock massif into discrete rock blocks. The redistribution
of stresses occurs in rock mass during underground excava-
tion, boundary conditions are changed and degrees of free-
dom of individual wedges are increased. Slipping of indivi-
dual wedges into the excavation can happen as a result of
these changes.

SURVEY BOREHOLES INTO THE AREA
OF THE SOUTHERN TUNNEL TUBE

After the completion of the exploratory gallery excavati-
on, sub-horizontal cored boreholes into tipped areas of the
southern tunnel tubeare being carried out and one borehole
is located in the area of the northern tunnel tube beyond the
end of the exploratory gallery (obvious in the plan in Fig. 3).
These boreholes (50 to 75m long) were submitted to pressu-
remeter tests up to the depth of 20m and a set of geophysi-
cal measurements (ground penetration radar, seismics) is
subsequently being conducted throughout their lengths. The
survey sub-horizontal cored boreholes into the area of the
southern tunnel tube have concrete objectives, for example
to verify the risk interface between Silurian rock types of
the Pridoli (Pozary) Formation and the karstified limestone
of the Lochkov Formation. Sub-horizontal seismic perradia-
tion is carried out between these boreholes. Even the other
areas in the southern tunnel tube, e.g. the area of tunnel
bifurcations, are surveyed in a similar way.
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Obr. 9 Sestava rozpérné zatézovaci zkousky do stén pruzkumné toly
Fig. 9 The set for the transverse plate load test of the exploratory gallery sidewalls

obr. 3). Tyto vrty (délky 50 az 75 m) jsou do 20 m odzkouseny
presiometrickymi zkouskami a v celé délce je v nich ndsledné
provadén soubor geofyzikdlnich méfeni (georadar, seizmika).
Pruzkumné subhorizontdlni jadrové vrty do oblasti jizniho tune-
lu maji konkrétn{ cile, naptiklad ovéfit rizikové rozhrani mezi
silurskymi horninami pridolského (pozdrského) souvrstvi
a zkrasovatélymi vdpenci lochkovského souvrstvi. Mezi témito
vrty se provddi subhorizontdlné seizmické prosveécovani.
Obdobné se prozkoumadvaji i dalsi oblasti v jiZznim tunelu napf.
oblast tunelovych rozpletu.

VYSLEDKY GEOTECHNICKYCH ZKOUSEK
Z PRUZKUMNE $TOLY

Presiometrické zkousky

V trase prazkumné Stoly bylo realizovdno celkem sedm vrt-
nych profila (patrné na situaci obr. 3), v nichZ byly uskutedné-
ny série presiometrickych zkouSek pro vySetfeni pevnostnich
a predevsim pretvarnych vlastnosti horninového masivu v okoli
télesa pruzkumné Stoly i budouciho tunelu. Kazdy z pre-
siometrickych profild je umistén v roviné kolmé na podélnou
osu Stoly a sestdva ze ¢tyr radidlné orientovanych vrtu o délce
7-20 m do obou stén, stropu a pocvy Stoly, jak dokumentuje
obr. 8. Nésledné byla v téchto presiometrickych vrtech realizo-
véana geofyzikdlni méfeni (georadar, seizmika, seizmicka tomo-
grafie mezi vrty).

Do konce roku 2015 byla jiz uskute¢néna mereni ve vSech
sedmi profilech PP-1 az PP-7, umisténych ve stratigraficky
a strukturné odliSnych typech geologického prostredi.

Profil PP-1, jenZ byl rozdélen na PP-1A a PP-1B v ruznych sta-
ni¢enich, byl situovan v prostredi sloZité geologické stavby silur-
ské tektonické kry souvrstvi litenského a kopaninského
s prevladajicim vyvojem zdravych prachovitojilovitych vapnitych
bridlic a mikritickych kalovych védpencu s velkou az velmi velkou
hustotou diskontinuit a ¢asto s intenzivnim tektonickym poruse-
nim. Hodnoty naméfenych presiometrickych moduli se zde
pohybovaly v rozmezi Egerp = 63-619 MPa (J168 MPa). Pro
nésledné odvozeni doporucenych hodnot modulu pretvarnosti
Eqger z namérenych presiometrickych modula bylo vyuZito reduké-
nich souciniteld vystihujicich malé prostorové a ¢asové méfitko
presiometrické zkousky, empiricky zjisténych v obdobnych geo-
technickych podminkéch. Doporucend hodnota modulu pretvar-
nosti pro horninovy masiv pak zde Cinila Eger = 100 MPa.

Profil PP-2 byl umistén ve vyrazné kompaktnéj$im prostredi
dvorecko-prokopskych vdpenct (devon) ve vyvoji zdravych

RESULTS OF GEOTECHNICAL TESTS FROM
THE EXPLORATORY GALLERY

Pressuremeter tests

The total of 7 borehole profiles (obvious in plan in Fig. 3)
were realised on the alignment of the exploratory gallery and
series of pressuremeter tests for examining the strength-rela-
ted and, first of all, deformational properties of the rock mass
surrounding the exploratory gallery body and the tunnel were
conducted in them. Each of the pressuremeter profiles is posi-
tioned in a plane perpendicular to the longitudinal axis of the
gallery and consists of 4 pieces of 7-20m long radially orien-
ted boreholes into both sidewalls, the roof and bottom of the
gallery, as documented by Fig. 8. Geophysical measurements
(ground penetrating radar, seismics, seismic tomography bet-
ween boreholes) were subsequently conducted in these pres-
suremeter boreholes.

By the end of 2015, the measurements were completed in all
7 profiles PP-1 — PP-7 located in stratigraphically and struc-
turally different types of geological environment.

Profile PP-1, which was divided into PP-1A and PP-1B at
various chainages, was located in an environment with com-
plicated geological structure of the Silurian tectonic block of
the Liten and Kopanina Formations with prevailing develop-
ment of massive silty-clayey calcareous shale and micritic
slurry limestone with close to very close spacing of disconti-
nuities and often with intense tectonic faulting. The values of
the measured pressuremeter moduli varied here between Eger p
= 63-619MPa (J168MPa). Reduction coefficients grasping
the small spatial and time-related scale of the pressuremeter
test, which were determined empirically in similar geotechni-
cal conditions, were used for the subsequent derivation of
recommended values of the modulus of deformation Egef from
the measured pressuremeter moduli. In this case, the modulus
of deformation value recommended for the rock mass amoun-
ted to Eger = 100MPa.

Profile PP-2 was located in a significantly more compact
environment of the Dvorce-Prokop Formation limestone
(Devonian) in the development of fresh micritic slurry limes-
tone with medium to close spacing of discontinuities; the
values of the moduli measured here amounted Egefrp =
438-2511MPa (& 1400MPa). The size of the resultant modu-
lus of deformation recommended here for the rock mass was
Edet = 800MPa.

Profile PP-3 (the area of future tunnel bifurcations in the
NTT) in the environment of the Dvorce-Prokop Formation
limestone (Devonian) was characterised by the occurrence of
fresh micritic slurry limestone with sporadic interbeds of cal-
careous shale and mostly close spacing of discontinuities. The
values of the measured pressuremeter moduli varied here bet-
ween Egerp = 142-1247MPa (& 678MPa). The values of the
measured pressuremeter moduli varied within the range of
Edefp = 142-1247MPa (J 678 MPa); the modulus of deforma-
tion value Eger = 540MPa was recommended for the rock
mass. Significantly more compact environment was encounte-
red in the location of fan PP-4 at fresh massive dolomitic
limestone of the Lochkov Formation (Devonian). The values
of the pressuremeter moduli measured in this location varied
between Egerp = 720-4924MPa (& 2770MPa); the modulus of
deformation value of Eger = 1660MPa was subsequently re-
commended for the rock massif.

Pressuremeter profile PP-5 was located in the next part of
the exploratory gallery, in Silurian rock types of the Pridoli
(PoZary) Formation, which is here characterised by majority
representation of fresh calcareous silty shale and minority




mikritickych kalovych vdpencu, s hustotou diskontinuit stfedn{
az velkou a naméfené hodnoty moduli zde Cinily Egefp =
438-2511 (I 1400) MPa. Velikost vysledného modulu pretvér-
nosti pro horninovy masiv zde byla doporu¢ena hodnotou Egef
= 800 MPa.

Profil PP-3 (oblast budoucich tunelovych rozpletd v STT)
v prostiedi dvorecko-prokopskych vdpenct (devon) byl cha-
rakterizovdn vyskytem zdravych mikritickych kalovych vadpen-
cu s ojedinélymi vlozkami vdpnitych bridlic a prevdazné velkou
hustotou diskontinuit. Hodnoty nameérenych presiometrickych
modult se zde pohybovaly v rozmezi Egerp = 142-1247
(&2 678) MPa a pro horninovy masiv zde byla doporuc¢ena hod-
nota modulu pretvdrnosti Edqer = 540 MPa. Vyrazné kompakt-
néj8i prostiedi pak bylo zastizeno v misté véjire PP-4
u zdravych masivnich dolomitickych vdpencu lochkovského
souvrstvi (devon). Zde byly naméreny hodnoty presiometric-
kych modulti v intervalu Egefp = 720-4924 (& 2770) MPa a pro
horninovy masiv byla ndsledné doporucena hodnota modulu
pretvdrnosti Eqer = 1660 MPa.

Presiometricky profil PP-5 byl umistén v dalsi &dsti pru-
zkumné §toly, v silurskych hornindch pridolského (pozarského)
souvrstvi, zde charakterizovaného majoritnim zastoupenim
zdravych vépnitych prachovitych bridlic a minoritnim zastou-
penim bituminéznich vépenct, u nichZ zde byly naméfeny hod-
noty presiometrickych modula v intervalu Egerp = 600-2021
(& 850) MPa. Vyrazné vySsi hodnoty modult byly zjistény
u vloZzek pevnéjsich vdpencu, které zde predstavovaly jen
lokdlni nehomogenity stfedniho méfitka a pri nasledné inter-
pretaci deformacnich vlastnosti celého horninového masivu
byla doporu¢ena hodnota modulu pretvarnosti bliZsi vdpnitym
bridlicim tj. Eger = 550 MPa.

Dominantnim horninovym prostfedim presiometrického
profilu PP-6 pak byla rovnéZ zdrava prachovitd az prachovito-
jilovita véapnitd bridlice, stratigraficky vSak jiz ndlezejici do
silurského souvrstvi kopaninského, charakterizovaného v této
oblasti ponékud homogennéjsi skladbou. Této skutenosti
odpovidaly i zfetelné priznivéj$i hodnoty presiometrickych
moduldl zdravé horniny v intervalu Egerp = 679-2712 (& 1242)
MPa. Vyrazné vy$§i zde byly hodnoty moduli zjist€nych
u lokélnich vloZek pevnéjSich vdpencu. Pro horninovy masiv
byla nédsledné (obdobné jako u PP-5) doporuena hodnota
modulu pretvarnosti Eger = 800 MPa.

Posledni presiometricky profil PP-7 na trase prazkumné $toly
byl realizovadn v prostredi hornin liteniského souvrstvi (silur)
s majoritnim zastoupenim vdapnitych prachovitych bridlic
a s lokdlnimi vloZkami vépencu, resp. paleozoickych vulkanita
(lavové submarinni granulaty). Hodnota modulu pretvarnosti
Eder, stanovend po vyhodnoceni vSech 60 zkouSek v profilu, je
zde priblizné obdobnad jako v predchézejicim profilu PP-6.
Statické zatézovaci zkousky deskou

Souddsti terénniho méfeni pretvarnych charakteristik horni-
nového masivu (pfesnéji prvka horninového masivu
o rozmérech fadoveé piiblizné 0,1 az 1 m) v pruzkumné Stole je
i série statickych zatéZovacich zkouSek deskou. Zkousky jsou
realizovéany jako rozpérné, s horizontalné umisténou zatéZova-
ci kolonou a vyvozovdnim tlaku pomoci dvou protilehlych
zatézovacich desek o plose 0,20 a7 0,50 m2 do protilehlych
boku pruzkumné Stoly, v nichZz byla pro realizaci zkouSek
vytvorena ¢tvercovd okna v osténi o rozmérech 1x1 m, jak je
patrné z obr. 9. Celkem je navrzena realizace rozpérnych zate-
Zovacich zkouSek na osmi mistech staniCeni Stoly, z nichZ jiz
prvni série dvou zkouSek pfinesla cenné vysledky, potvrzujici
zcela zdsadni vliv orientace diskontinuit na velikost pretvar-
nych parametrt v daném sméru zatiZenf.

representation of bituminous limestone, at which the values of
pressuremeter moduli were measured varying in the interval
Ederp = 600-2021MPa (& 850MPa). Significantly higher
values of the moduli were determined at interbeds of stronger
limestone, which represented only local medium scale non-
homogeneities; the modulus of deformation value closer to
calcareous shale, i.e. Eqer = 550 MPa, was recommended
during the subsequent interpretation of deformational proper-
ties of the whole massif.

The dominant rock environment of the pressuremeter profi-
le PP-6 was also fresh silty to silty-clayey calcareous shale,
stratigraphically already belonging to the Silurian Kopanina
Formation characterised in this area by a slightly more homo-
geneous structure. The distinctly more favourable values of
pressuremeter moduli of fresh rock within the interval Egerp =
679-2712MPa (& 1242MPa) corresponded to this fact.
Significantly higher were in this location the values of modu-
li determined at local interbeds of stronger limestone.
The value of the modulus of deformation subsequently
recommended for the rock massif was Eger = 800MPa (simi-
larly to PP-5).

The last pressuremeter profile PP-7 on the exploratory galle-
ry alignment was realised in the environment of the Liten
Formation (Silurian) rock types with the majority representati-
on of calcareous silty shale with local interbeds of limestone,
respectively Palaeozoic volcanites (sub-marine granular lava
materials). The modulus of deformation value Eqer, which was
determined after assessing all 60 tests in the profile, is here
approximately similar to that in the previous profile.

Static plate loading tests

A series of static plate load tests is part of the field measu-
rements of deformational characteristics of the rock mass
(more precisely of the elements of the rock massif with the
dimensions in the order of 0.1 to 1m) in the exploratory gal-
lery. The tests are conducted transversally, with a ho-
rizontally installed column, inducing pressure to the opposi-
te side walls of the gallery by means of two opposing loa-
ding plates with the area of 0.20 to 0.50m2. Square recesses
Ix1m were cut in the lining for the purpose of carrying out
the tests, as obvious from Fig. 9. The loading tests are pro-
posed for 8 points of the gallery chainage. Already the first
series of two tests brought valuable results, confirming the
crucial influence of the orientation of discontinuities on the
values of deformational parameters in the particular directi-
on of loading.

GEOPHYSICAL MEASUREMENTS

Geophysical measurements from the surface before
the exploratory gallery excavation

A set of geophysical measurements from the terrain surface
was conducted in advance, before the subsequent excavation
of the exploratory gallery, throughout the exploratory gallery
alignment length. These measurements comprised a complex
of geophysical measurements using seismic, geoelectric, gra-
vimetric and methods. The objective of the above-mentioned
measurements was to locate the courses of fault zones, first of
all indicate primary karst phenomena (sinkholes, corrosion
discontinuities, caverns with various soil fills) in advance of
the exploratory gallery excavation. The interpretation of the
assessment of geophysical measurements allowed in advance
for determining the excavation sections with the potential risk
of the possibility.of the excavation instability in terms of tap-
ping water-bearing or non-water-bearing fault zones or karst
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GEOFYZIKALNI MERENI{

Geofyzikalni méreni z povrchu pied razbou priizkumné stoly
Pred ndslednou razbou prizkumné $toly byl v predstihu pro-
veden soubor geofyzikdlnich méfeni z povrchu terénu podél
celé trasy pruzkumné $toly. Tato méfeni zahrnovala komplex
geofyzikdlnich méfeni za pouziti seizmickych, geoelektric-
kych, gravimetrickych a georadarovych metod. Cilem zminé-
nych méfeni bylo v predstihu pied razbou pruzkumné Stoly
lokalizovat prab¢hy poruchovych zén a predevsim indikaci pri-
marnich krasovych jevu (zavrta, koroznich diskontinuit, kave-
ren s riznou zeminovou vyplni). Interpretace vyhodnoceni geo-
fyzikdlnich méfeni umoznila v predstihu stanovit useky razby
s potencidlnim rizikem moznosti nestability vyrubu z hlediska
nafarani zvodnélych i nezvodnélych poruchovych pasem ¢i
krasovych kaveren a také rozsah téchto rizikovych oblasti
v oblasti jak STT, tak i jizniho tunelu JTT.

Vysledky téchto geofyzikdlnich méreni, provadénych
z povrchu, ukézaly v predstihu fadu problematickych dseku.
Rizikové dseky jsou z vysledku geofyzikalnich méfeni patrné
v nésledujicich oblastech severniho a potazmo i jizZniho tunelu:

e usek cca 0,500-0,600 km v STT — zkrasovatélé vapence
lochkovského souvrstvi v nadloZi Stoly;

e Usek cca 0,650-0,750 km v STT — hranice zkrasovatélého
lochkovského souvrstvi (devon) a pozarského (pridolské-
ho) souvrstvi (silur), kterd je na terénu patrnd morfologic-
kou depresi, jejiz linie sméfuje k mistu havdrie stoky ,,P*
v roce 1981, kde byly zastizeny hluboké krasové jevy,
vyplnéné zvodnénymi zeminami.

Geofyzikalni méfreni v bezpecnostnich jadrovych
pifedvrtech z Cela stoly
Od staniceni 0,517 km, tj. po nafdrani krasové pukliny ve
vapencich lochkovského souvrstvi, bylo realizovano celkem
14 bezpenostnich jadrovych predvrta o délce 20 m, u kterych
byl provddén geologicky popis hornin, laboratorni zkousky hor-
nin, sledovan pritok podzemni vody a také geofyzikalni méren{
sestavajici ze seizmického méfeni (obr. 10) a vrtného georadaru.
Geofyzikalni méfeni ve vrtech do jizniho tunelu

Dalsi geofyzikédlni méfeni probihd v dobé psani ¢lanku na vrt-
nych profilech sméfovanych do jizniho tunelu. Vrty pro geofyzi-
kélni méfeni byly nejprve zaméteny inklinometrem pro stanove-
ni jejich skute¢ného prubéhu, ktery je nutny pro stanoveni geo-
metrie. Ndsledné byla v téchto vrtech realizovdna vrtnd georada-
rova méfeni, seizmokarotaZ a seizmické prosvécovani mezi vrty
— seizmickd tomografie. Tato méfeni pomohla s interpretaci tek-
tonickych linif a rozhrani jednotlivych litologickych celku.

ZAVER

Dosavadni vysledky inZenyrskogeologického prizkumu prova-
déného formou pruzkumné §toly pro tunel Radlice ukazuji prede-
v§im na to, Ze pravdépodobné nejrizikovejsi oblasti z hlediska
moZného zastiZeni krasovych jeva v horninovém prostredi se jevi
oblast vyskytu chemicky &istych vapenct lochkovského souvrst-
vi (devon). Na situaci (obr. 3) je tato oblast v severnim tunelu
a jeji predpoklad v tunelu jiznim Sedé zvyraznéna. Ve vdpencich
lochkovského souvrstvi byla potvrzena pfitomnost drobnych kra-
sovych jeva v hloubce a7 cca 90 m pod terénem. Ve staniceni
0,517 km doglo v pruzkumné §tole k nafdrdni krasové pukliny ve
vapencich s pritokem podzemni vody, ktery &asteéné zaplavil
Stolu. Rizikovym tsekem je samoziejmé i hranice lochkovského
souvrstvi (devon) a pozarského (pridolského) souvrstvi (silur). Pro
rizikovost tohoto mista hovoti i morfologickd deprese v terénu —
linie této tektonicky predisponované deprese vede k mistu havdrie
kmenové stoky ,,P“ v roce 1981, kde byly na rozhrani zminénych
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caverns and also the extent of these risk areas in the areas of
both the NTT and the southern tunnel tube STT.

Results of these geophysical measurements carried out from
the surface showed in advance several problematic sections.
Te risk sections are obvious from the results of geophysical
measurements in the following areas of the northern and also
southern tunnel:

e The section between chainages km ca 0.500 — 0.600 in the
NTT — Kkarstified limestone of the Lochkov Formation in
the gallery overburden;

¢ The section between chainages km ca 0.650 — 0.750 in the
NTT — the boundary of the karstified Lochkov Formation
(Devonian) and Pozdry (Pridol) Formation (Silurian),
which is obvious on the surface through a morphological
depression the line of which leads to the location of the
collapse of trunk sewer “P” in 1981, where deep karst
phenomena filled with water-bearing soils were encoun-
tered.

Geophysical measurements in safety cored boreholes
into the gallery advance core

The total of 14 20m long safety cored boreholes into the
gallery advance core were carried out from chainage km
0.517, i.e. up to the point of tapping the karst fissure in the
Lochkov Formation limestone. Geological describing of rock
types, laboratory testing of rock types, monitoring of ground-
water inflows and geophysical measurements consisting of
seismic measurement (see Fig. 10) and ground penetration
radar were carried out in these boreholes.

Geophysical measurements in boreholes
into the southern tunnel

Other geophysical measurement is currently underway in
borehole profiles aiming to the southern tunnel tube. The
boreholes for geophysical measurements were first surveyed
by an inclinometer for the determination of the actual path,
which is necessary for the determination of the geometry.
Ground penetration radar measurements, seismic logging and
seismic perradiation between boreholes — seismic tomography
were subsequently carried out in the boreholes. These measu-
rements helped with the interpretation of tectonic lines and
interfaces of individual lithological units.

CONCLUSION

The current results of the engineering geological survey
carried out in the form of the exploratory gallery for the
Radlice tunnel point out first of all the fact that the probably
most risky area from the aspect of the possible encountering
karst phenomena in the rock environment seems to be the
area of the occurrence of chemically pure Lochkov
Formation (Devonian) limestone. In the map (see Fig. 3) this
area is in the northern tunnel tube and its assumption in the
southern tunnel tube is highlighted grey. The presence of
minor karst phenomena has been confirmed in the Lochkov
Formation limestone at the depth up to ca 90m under the ter-
rain surface. A karst fissure was tapped in limestone at chai-
nage km 0.517 of the exploratory gallery, with the ground-
water inflow which partially inundated the gallery. The boun-
dary between the Lochkov Formation (Devonian) and the
Pozary (Pfidol) Formation (Silurian) is naturally another risk
section. The morphological depression in the terrain — the
line of this tectonically predisposed depression leads to the
location of the collapse of the trunk sewer “P” in 1981, where
deep karst phenomena filled with water-bearing soils were
encountered at the interface between the above-mentioned
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Obr. 10 Schematickd projekce seizmického rychlostniho Fezu z bezpecnostniho jadrového predvrtu do ela vyrubu pruzkumné Stoly
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Fig. 10 Schematic projection of the seismic section from a safety cored borehole into the advance core of the exploratory gallery

souvrstvi zastizeny hluboké krasové jevy, vyplnéné zvodnénymi
zeminami. Do téchto vyjmenovanych rizikovych oblasti v jiZznim
tunelu by mély sméfovat dals{ prizkumné prace.

V dobé psani ¢lanku je pruzkumna Stola v severnim tunelu
vyraZena na uvazovanych 850 m a probihaji dal§i prazkumné
price z podzemi, které by mély byt vyhodnoceny v prabéhu
roku 2016. Uz nyni je v8ak jisté, Ze pruzkumnd $tola jiz dala
velmi cenné vysledky, které vyrazné prispeji pro bezpeény
navrh tunelu Radlice.
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ZJISTENI NAPJATOSTI HORNINOVEHO MASIVU METODOU
ODLEHCENI STOLOU PRO PRVNI PODTUNELOVANI REKY VLTAVY
METREM V ROCE 1973

DETERMINATION OF ROCK MASSIF STATE OF STRESS USING
THE STRESS-RELIEF GALLERY METHOD FOR THE FIRST PASSAGE
OF METRO TUNNELS UNDER THE VLTAVA RIVER IN 1973

JIRI HUDEK

ABSTRAKT

V roce 1973 se pripravovalo prvni podtunelovdni Vitavy trasou A praZského metra. Razba byla situovdna do horninového pro-
stredi ordovickych jilovitych bridlic s nizkou pevnosti a velmi velkou hustotou diskontinuit. Specifikem zde bylo prototypové pouZi-
ti mechanizovaného §titu TSEB-3, ktery vyrub vyztuZoval osténim z monolitického lisovaného betonu. Tento viak byl nearmovany
a neumoznoval pokldddni vodotésné izolace, a proto jej bylo nutné dimenzovat s bezpecnosti i proti vzniku trhlin. ZatiZeni na obe-
zdivku je v pocdtecni fdzi urdeno tlakem lisovdni a v konené je zdvislé na privodnim napéti v horninovém masivu. JelikoZ osténi
bylo kruhového prirezu, bylo treba zjistit predevsim pomér horizontdlnich a vertikdlnich sloZek napéti, tj. soucinitel tlaku v klidu
Ko. K jeho stanoveni byla zvolena velkoobjemovd metoda odlehcenim Stolou, jednalo se zde o prvou aplikaci v nasi republice.
Metoda vyZaduje pred razenim Stoly osadit do vrti v okolnim horninovém prostredi mérici body. Vylom kruhové odlehcovaci stoly
(o priumeru 2 m) byl provddén s uplnym vyloucenim trhacich pract a bez podchycovdni nosnou vyztuZi. PFi vyhodnocovdni vysled-
kit zjisténého pretvoreni anizotropniho a heterogenniho horninového masivu v dusledku vyraZeni Stoly byla pouZita tehdy jesté zcela
novd metoda konecnych prvkii.

ABSTRACT

In 1973, the first passage of the Line A metro tunnels under the Vitava River was under preparation. The excavation was to pass
through a rock environment formed by the Ordovician claye shales with low strength and very closely spaced discontinuities. The
specifics of this work was the prototype application of the mechanised shield TSEB-3, which provided the support of the excavated
opening with a cast-in-place compressed concrete lining. Since the concrete was not reinforced and did not allow for installing
waterproofing, it was necessary to design the dimensions of the lining to be safe even against cracking. The load acting on the
lining in the initial phase is determined by the concrete compression and, in the final phase, it depends on the original stress in the
rock mass. Because the lining was circular in the cross-section, it was first of all necessary to determine the proportion of hori-
zontal components of stress to vertical ones, i.e. the coefficient of pressure at rest Ko. The large-volume relief gallery method was
chosen for its determination; it was the first application in our republic. This method requires the installation of measurement
points in boreholes in the surrounding rock environment in advance of the gallery excavation. The excavation of the circular reli-
ef gallery (2m in diameter) was carried out with the total exclusion of blasting operations and without supporting with structural
reinforcement. The at that time completely new Finite Element Method was applied to the assessment of the results of the detected
deformations of the anisotropic and heterogeneous rock mass resulting from the gallery excavation.

uvob

V padesatileté historii projektového ustavu PUDIS Praha
byly vzdy vyznamnou sloZkou ¢&innosti také pruzkumy.
Napriklad pro prazské metro byl PUDIS v letech 1967 az 1977
generdlnim dodavatelem inZenyrskogeologickych pruzkuma
a autor tohoto prispévku byl hlavnim zpracovatelem jejich
geotechnické Cdsti. Celkovy prehled pruzkumnych Einnosti
PUDIS pro podzemni stavby byl jiZ stru¢né popsan v ¢asopisu
Tunel ¢. 3/2007 [1]. Tento prispévek by vsak chtél pripome-
nout zajimavy priklad, ktery md vazbu i na sou¢asné problémy
v oboru podzemniho stavitelstvi.

V roce 1973 probihaly pripravy na prvni podtunelovani feky
Vltavy trasou A prazského metra. Prislusny tsek byl situovin
mezi budoucimi stanicemi na levém bfehu Malostranska
a pravém Staroméstskd, a to v horninovém prostredi ordovic-

INTRODUCTION

Surveys were always important parts in the fifty-year his-
tory of the activities of PUDIS Praha design institute. For
example, PUDIS was the general contractor for engineering
geological surveys for the Prague Metro in 1967 through to
1977 and the author of this paper was the main author of the
geotechnical parts. The overall overview of the surveying
activities of PUDIS was already briefly described in TUNEL
journal issue No. 3/2007 [1]. This paper would wish to
remind the readers of an interesting example, which is rela-
ted even to current problems in the field of underground con-
struction.

In 1973, the preparations for the first tunnelling work
under the Vltava River for the Line A of Prague metro were
underway. The respective section was located between futu-
re stations Malostranskd (on the left bank) and Staroméstska

kych prachovitojilovitych bfidlic charakteru az s nizkou pev-
nosti a velmi velkou hustotou diskontinuit. Novym specifikem
zde byl predpoklad prototypové razby mechanizovanym
Stitem (sovétské vyroby) TSEB-3, ktery vyrub vyztuzoval
osténim z monolitického lisovaného betonu. Tento vSak byl

(on the right bank), in a rock environment formed by the
Ordovician silty-clayey shales with the characteristic low
strength and very closely spaced discontinuities. The new
specific feature of this work was the assumption of
a prototype application of the Soviet-production mechanised
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nearmovany a s ohledem na pritomnost tlakové podzemni shield TSEB-3, which provided the support of the excavated
vody a nemoznost pokladani vodotésné izolace bylo potom opening with a cast-in-place compressed concrete lining. But
nutné dimenzovani s bezpec¢nosti i proti vzniku a rozeviran{ this concrete was not reinforced and, with respect to the pre-

trhlin. Vliv této technologie byl projektantem analyzovan — viz sence of pressurised groundwater and impossibility of instal-
lit. [2] a bylo poukdzdno na to, Ze zatiZzeni na obezdivku je ling a waterproofing system, it was necessary to design the
ddno reaktivnim tlakem horniny proménlivym v case. Jeho dimensions of the lining to be even safe against the develop-
pocdte¢ni hodnota je urCena hlavné tlakem lisovani (pfi dru- ment and opening of cracks. The influence of this technolo-

hém stupni 1,5 MPa) a kone¢nd (po doznéni pracovnich stadif gy was analysed by the designer — see. Ref. [2] and it was
vyvoje horninového tlaku a dosazeni stavu dlouhodobého pointed that the load acting on the lining was given by the

pisobeni) je pffmo zdvisld na velikosti a rozd€leni piivodnich rock pressure varying with time. The initial value of the
napéti v horninovém masivu. JelikoZ osténi bylo projektovano pressure is mainly determined by the pressure exerted by the
kruhového pruiezu, bylo tieba stanovit predev§im pomér hori- concrete compression (1.5MPa during the second degree)
zontdlnich a vertikdlnich slozek napéti, tj. soucinitel tlaku and the final value (after the working stages of the rock pres-
v klidu K,. Jeho ovéfeni v heterogennim a anizotropnim pro- sure development fade out and the state of the long-term
stredi rozpukanych skalnich hornin néleZi vSak mezi nejndroc- stress action is achieved) directly depends on the magnitude
néjsi geotechnické terénni zkousky. V tomto pripadé byla zvo- and distribution of the original stresses in the rock mass.

lena velkoobjemova metoda odlehcenim Stolou (viz schéma na
obr. 1). Pro zhodnoceni a interpretaci naméfenych posunuti
bylo aplikovdno matematické modelovani metodou konecnych
prvku — v té dobé jesté pouZivané rovnéZ prototypove.
Na teSeni uvedené ndro¢né geotechnické problematiky se
podilely predevsim tyto firmy:
e PUDIS Praha — ndvrh metody, fizeni realizace, interpreta-
ce a zhodnoceni vysledku;
e HYDROPROJEKT Praha — matematické modelovani
metodou kone&nych prvki;
e METROSTAV Praha — razba pristupovych dél a vlastni
pokusné odlehCovaci Stoly.

Since the circular cross-section was designed for the lining,
it was necessary to determine first of all the proportion of the
horizontal components to vertical components of the stress,
i.e. the coefficient of pressure at rest Ko. The verification of
this coefficient in the heterogeneous and anisotropic envi-
ronment of fractured rock belongs among the most deman-
ding geotechnical field tests. The large-volume stress-relief
gallery method was chosen in this particular case (see the
chart in Fig. 1). Mathematical modelling using the Finite
Element Method, which was also used as a prototype at that
time, was applied to the assessment and interpretation of the
measured displacements.

The following firms participated mainly on the solution to

STRUCNA CHARAKTERISTIKA HORNINOVEHO i . T
the above-mentioned exacting geotechnical issue:

PROSTREDI .
OS/. ) o ) . ) . e PUDIS Praha — the method design, control over the
V zdjmové oblasti jsou vodorovne osy/tunel}l metra situova- implementation, interpretation and evaluation of results;
ny priblizné 22 m pod prumérnou tdrovni hladiny Vltavy. Byly « HYDROPROJEKT Praha — mathematical modelling

razeny ve zdravych prachovitojilovitych bridlicich vinickych
vrstvach, které ndlezeji do ordovické barrandienské synklindly.
Jejich orienta¢ni ilustraci umoznuje napriklad ¢ast Celby foto-
graficky zachycend na obr. 2 a 3. Zakladni material téchto brid-
lic vykazuje pevnost v jednoosém tlaku nejcasteji v rozpéti 10
az 25 MPa a jedna se tedy o horninu s nizkou az stfedn{ pev-

using the Finite Element Method,;
¢ METROSTAV Praha — excavation of access adits and
the experimental stress-relief gallery itself.

BRIEF CHARACTERISTICS OF ROCK ENVIRONMENT

nosti. Jsou prevazn€ tence deskovité vrstevnaté, Sikmo ukloné- The longitudinal axes of the metro tunnel tubes in the area
né (prumérny sklon k jihu 50°) a jsou prostoupeny systémem of interest are located approximately 22m under the average
puklin, ohlazi a tektonickych poruch, které zplsobuji znaénou level of the Vltava River surface. The tunnels were driven
nehomogenitu pietvarného chovéni. Horninovy masiv se skla- through the Vinice Formation silty-clayey shales existing in
d4 z nepravidelnych bloku a vyraznych diskontinuitnich ploch | the Ordovician Barrandean Syncline. Their approximate
s ohlazy. Horninové bloky maji velmi velkou az velkou husto- illustration is possible, for example, on the part of the exca-
tu diskontinuit, tektonické poruchy jsou tvoreny rozdrcenou vation face captured in Figures 2 and 3. The basic material
horninou (s extrémné velkou hustotou diskontinuit). of these shales exhibits the uniaxial compressive strength

Celkovd mocnost bridlic od erozni bdze Vltavy k k vodorov- within ranging from 10 to 25MPa, which means that it is
né ose tratovych tunelt je cca 13 m. Z této mocnosti zaujimaji low to medium strength rock. It is mostly thinly tabularly
horizonty s patrnym dosahem zvétrdvacich procest 7 m (pri- bedded, dipping (the average dip to the south is 50° and the
blizné 1 m rozlozené, 2 m zvétralé a 4 m navétralé bridlice). rock mass contains pervasive systems of fissures, slickensi-

Nad erozni bdzi se nachdzeji pleistocénni sedimenty ddoln{ des and tectonic faults causing significant non-homogeneity
terasy Vltavy (hrubozrnné Stérky a piscité Stérky) a vySe pak of the deformational behaviour. The rock mass consists of

holocénni ndplavy (piscité Stérky, pisky a lokdlné bahno). irregular blocks and marked discontinuity surfaces with
- slickensides. The spacing of discontinuities in the rock
VOLBA ZKUSEBNI METODY blocks with small to very small spacing; the tectonic faults
V predstihu byly na uvedeném podzemnim pracoviti ovéfe- | are formed by crushed rock (with extremely small spacing
ny moznosti aplikace tehdy Spi¢kovych metod provadénych | of discontinuities).
renomovanym pracovi§tém. Proto byla tdloha objedndna The total thickness of the shales from the Vltava erosion
u Hornického tdstavu Ceskoslovenské akademie véd. Piislusné basis up to the axis of the running tunnels is ca 13m. Of this
vysledky jsou shrnuty v expertize o stavu napjatosti hornino- thickness, horizons with obvious reach of weathering pro-
vého masivu v prirozeném uloZeni metodou odlehéeného vrt- cesses capture 7m (approximately 1m of decomposed shale,

ného jddra, doplnénou o méfeni ultrazvukem — lit. [3]. 2m of weathered shale and 4m of slightly weathered shale).
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Z této expertizy vyplyva:

¢ Pro stanoveni napjatosti je zastizené prostredi ve znacné
slozitych a nepfiznivych podminkdch. Komplikace zpu-
sobuje predevs$im heterogenita — hojny vyskyt poruse-
nych z6n a proménlivost ve sméru i tklonu vrstev
s vyraznou anizotropif.

e Metodou odleh¢eni jadra pro kone¢nou délku vrtu (5,47 m)
bylo stanoveno vertikdlni napéti oy = 0,21 MPa a ho-
rizontdlni oy, = 1,58 MPa. Tato mimorddné vysokd hodno-
ta vodorovného napéti byla pfisouzena koncentraci napéti
na hrané zdfezu VItavy nebo vlivu nedalekych letenskych
svahu.

¢ Metoda ultrazvukova pro dané prostredi s velmi nizkou
drovni napjatosti neumoznila pfimé stanoveni absolutnich
hodnot napéti.

K interpretaci téchto vysledku lze dodat, Ze pro horninovy
masiv se horizontdlni napéti jevi nerealné vysoké a vertikdlni
nizké. Soucinitel tlaku v klidu by zde dosdhl extrémni hodno-
ty Ko = 7,52, na coz by samozfejm¢ nearmovany beton neby-
lo moZné nadimenzovat. Prislu$né hodnoty vystihuji jen
napjatost horninovych dlomku a pro horninovy masiv je treba
vybrat podstatné rozmerové vétsi metodu ovéren.

Z metod zjitovani napjatosti bylo tedy pro feSeny dkol treba
vybrat takovou, kterd by spliiovala ndsledujici tfi podminky:

1. moZnost zjistovan{ puvodni napjatosti;

2. velkoobjemové méritko;

3. citlivost pro nizka napéti.

Ad 1. Ukol zjistit slozky pivodni napjatosti vylu¢oval moz-
nost pouZziti téch metod, které k instalaci aparatur vyzaduji pri-
stupovd dila ménici primdrni napjatost jiz pred zaldtkem
méfeni. Patfi sem v§echny metody, pfi nichZ jsou pristroje osa-
zovdany na lic vyrubu nebo do pdsma zmenSenych ¢i zvySenych
napéti. Je to napriklad Casto pouzivané odlehCeni horninového
bloku ryhami s kompenzaci pretvoreni vloZenymi plochymi
lisy. Vysledky téchto méfeni zde reprezentuji zménény stav
napjatosti po vyrazeni pripravného dila.

Ad 2. Znacny stupen rozpukdni a heterogenita zastizeného
horninového prostredi znemoznovaly ziskani reprezentativ-
nich vysledk metodami pracujicimi s malym objemem horni-
ny. Velikost objemové jednotky, jejiZ napjatost bylo nutné stu-
dovat, byla v tomto piipadé minimalné fddu 10 m? az 100 m3.

Ad 3. Z malé hloubky uloZeni samoziejmé vyplyvaji nizké
absolutni hodnoty napéti vyvolaného tihou nadlozi. Vertikalni
napéti v drovni vodorovné osy tunelu metra je zde priblizne
0,5 MPa. Proto citlivost metody musi byt podstatné vyssi nez
pro piipady vysokych napéti ve znaénych hloubkéch dulnich
podminek. Tato okolnost napriklad znemoZznovala ziskani
smérodatnych vysledka nékterymi geofyzikdlnimi metodami.

Uvedenym tfem podminkam vyhovuje zvolend varianta
metody odlehceni horninového masivu Stolou. Jeji schéma je
vyznaceno na obr. 1. Patfi mezi deformaéni metody a odvozuje
primdrni napjatost na podkladé velikosti a sméri deformaci
horninového prostredi v okoli odlehcovaci §toly zpusobenych
jejim razenim. Metodu navrhl a poprvé realizoval prof. Leo-
pold Miiller ze Salcburku — lit. [4]. V Ceskoslovensku se jed-
nalo o prvni aplikaci a v této varianté¢ s mérnymi body situova-
nymi v horninovém prostredi podél celé razby dosud jedinou.
Jednodussi varianta podle Merril-Pettersona s mérnymi body
pouze pri usti odlehovaci Stoly, ktera poskytuje soubor vysled-
ku jen pro jeden profil determinovany uvedenymi okrajovymi
podminkami, byla pozdéji aplikovana vicekrat — naposledy pro
Kralovopolsky tunel, Pavlik, 2012 [5]. Pouzitd modifikace
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The Pleistocene sediments of the Vlitava flood-plain terra-
ce (coarse-grained gravels and sandy gravels) are above the
erosion base; the Holocene fluvial deposits (sandy gravels,
sand and locally mud) are above them.

SELECTION OF TESTING METHOD

The possibilities of the application of at that time top met-
hods were verified in advance by a renowned workplace. For
that reason the order for the verification was placed with the
Mining Institute of the Czechoslovak Academy of Sciences.
The respective results are summarised in the expert opinion
on the stress state of rock mass in natural bedding condition
using the de-stressed drilling core method, which was com-
plemented by ultrasound measurements — Ref. [3].

It follows from the expert opinion:

e The conditions of the environment encountered is quite
complicated and unfavourable for the determination of
the state of stress. Complications are caused first of all
by the heterogeneity — the abundant presence of fault
zones and the variability of the trend and dip of layers
with marked anisotropy.

e Applying the de-stressed drilling core method to the
final borehole length (5.47m), the vertical stress was
determined at oy = 0.21MPa and the horizontal stress at
op = 1.58MPa. This extraordinarily high value of the
horizontal stress was attributed to the concentration of
stress at the upper edge of the Vltava River cutting or the
influence of nearby Letnd slopes.

e The ultrasound testing method did not allow the direct
determination of absolute values of the measurements for
the particular environment with very low level of stress.

It is possible to add to the interpretation of these results
that the horizontal and vertical stresses appear to be unrea-
listically high and low, respectively, for the rock mass. The
coefficient of pressure at rest reached here the extreme value
of Ky = 7.52, for which, of course, unreinforced concrete
could not be designed. The respective values only give
a picture of the state of stress of rock fragments and it is
necessary to select a verification method with substantially
larger dimensions of rock mass blocks.

It was therefore necessary for the problem being solved to
select such a method of verifying the state of stress which
would fulfil the following three conditions:

1. the possibility of determining the original state of stress;

2. a large-volume scale;

3. sensitivity to low stresses.

Ad 1. The task to determine the components of the origi-
nal state of stress excluded the possibility of using the met-
hods which require access adits changing the primary state
of stress for the installation of apparatuses already before the
commencement of measurements. Among them belong all
methods at which the apparatuses are installed on the surfa-
ce of the excavated opening or in the zone of reduced or inc-
reased stresses. It is, for example, the frequently mentioned
rock mass block de-stressing by grooves with the compensa-
tion of deformations by flat jacks. The results of these mea-
surements represent here the changed state of stress after the
completion of the preparatory working.

Ad 2. The significant degree of fracturing and the hetero-
geneity of the rock environment encountered precluded obta-
ining representative results using methods operating with
small volumes of rock. The minimum magnitude of the volu-
me unit the state of stress of which had to be studied was in
this case in the order of 10m3 to 100m3.
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Obr. 1 Schéma poufité modifikace metody stanoveni primdrni napjatosti horninového masivu odlehcenim Stolou

Hudek, J., 1973

Fig. 1 Chart of the used modification of the method of determining the primary state of stress by means of the stress-relief gallery method

experimentu se zde liSila od pavodni verze L. Miillera systé-
mem méfen{ pietvofeni a zpusobem jejich vyhodnoceni.

POUZITA MODIFIKACE STANOVENI NAPJATOSTI
ODLEHCENIM STOLOU

Metoda vyZzaduje pred raZzenim $toly osadit do okolniho hor-
ninového prostredi méfici body. Ve stadiu pripravnych praci
byly proto nejprve z pristupové chodby vyvrtany Etyri paprs-
kovité se rozbihajici vrty délky 8,5 m. Jejich osy sviraly
s horizontdlni i vertikdlni rovinou, jdouci osou pristupové
chodby, thel 6°. Do téchto vrti byly zasunuty trubky
z polyvinylchloridu o relativné malé tuhosti. Na jejich konci
byla umisténa zdrovka s matnici. Uvnitf byly ve vzdjemné
vzddlenosti 2 m fixovény cilové znacky tvorené nitkovym kii-
Zem z ocelovych vldken. Detail instalace této mérici optické
aparatury do vrtu ¢. 1 (levy horni) zachycuje fotografie na
obr. 2 (na konci elektrické osvétleni nitkovych kifzu). Cilové
znaCky byly situovany ve Ctyfech méfenych pri¢nych profilech
oznacenych A, B, C a D. Vzddlenost cilovych znacek od star-
tovaciho Cela Stoly se zvétSovala od profilu D az k profilu
A. Tésny kontakt PVC trubek se sledovanou horninou byl
zajistén vyplnovou injektazi. Déle byly v zadni ¢dsti pristupo-
vé chodby vybetonovany bloky se zdkladnimi znackami nulo-
vého Cteni.

Ad 3. Of course, low absolute values of the stress induced
by the weight of overburden are a consequence of the small
depth of embedding. The vertical stress at the metro tunnel axis
level is approximately 0.5MPa here. For that reason the sensiti-
vity of the method has to be significantly higher than thyat for
the cases of high stresses at great depths existing in mines. This
condition, for example, precluded obtaining competent results
using some geophysical methods.

The above-mentioned three conditions are met by the selected
method variant — the rock mass de-stressing by a gallery method.
Its chart is presented in Fig. 1. It belongs among deformational
methods and derives the primary state of stress on the basis of
magnitudes and directions of rock environment deformations in
the surroundings of the de-stressing gallery caused by its excava-
tion. The method was proposed and for the first time implemented
by Prof. Leopold Miiller from Salzburg — Ref. [4]. It was the first
application in Czechoslovakia and, in this variant with measure-
ment points located in the rock environment throughout the exca-
vation length, till now the only. A simpler variant according to
Merril-Petterson with measurement points only at the mouth of the
de-stressing gallery, which provides a set of results only for one
profile determined by the above-mentioned boundary conditions,
was applied later several times — last time to the Kralovo Pole tun-
nel, 2012 [5]. The experiment modification used differed there
from the original version by L. Miiller in the system of deformati-
on measurements and the method of their assessment.
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Hudek, J., 1973
Obr. 2 Instalace optické mérici aparatury do vrtu é. 1 — na konci elektrické
osvétlent nitkovych kiizi

Fig. 2 Installation of the optical measurement apparatus into borehole No. 1
— electrical illumination of cross hair targets is seen at the end

Pro sledovanf horizontdlnich a vertikdlnich posuva cilovych
znadek byl pouZit teodolit umistovany do pruseciku os pozo-
rovacich vrtu. Stabilizace stanovisté stroje byla zaji$téna beto-
novym blokem v po¢vé chodby s centraéni znackou. Stroj byl
velmi presné centrovdn s pomoci specidlniho zarizeni
Ing. Vencovského z Hornického tistavu CSAV. Urovnani podle
rotani osy umoznovalo vysokou presnost centrace v mezich
+ 0,1 mm. Celkova piesnost systému méfeni posuvu byla pred
zabudovéanim zafizeni do podzemi odzkouSena v laboratori
a vyslednd chyba nepresdahla + 0,14 mm. Vzdjemné odliSeni
jednotlivych cilovych znacek v jednom vrtu necinilo zddné
obtiZe, protoZe v zéné ostrosti dalekohledu teodolitu se nacha-
zela vZdy jen jedna z nich.

Po dokonceni prfipravnych praci a zdkladnim zdvojeném
nulovém zaméreni vSech znacek bylo zahdjeno razeni kruhové
odlehovaci Stoly o priméru 2 m. Vylom byl provddén
s uplnym vylouéenim trhacich praci po zaberech délky 0,5 m.
Celo vyrubu bylo udrzovano stéle piiblizné svislé. Odleh&ovaci
Stola nebyla podchycovdna vyztuzi. VloZend bezpecnostni kru-
hové vystroj (osazovand ve vzdjemné vzddlenosti 1 m) nebyla

Hudek, J., 1973
Obr. 3 Pohled na bridlici vinickych vrstev na cele odlehcovaci $toly po vyra-
Zeni délky 2 m

Fig. 3 A view of the Vinice Formation shale at the excavation face of the
stress-relief gallery after the completion of the excavated length of 2m

THE MODIFICATION USED FOR STRESS STATE
DETERMINATION BY STRESS-RELIEF GALLERY METHOD

The method requires measurement points to be installed in
the surrounding rock environment prior to the gallery exca-
vation. For that reason 4 radially parting boreholes 8.5m long
were first carried out from an access adit at the preparation
work stage. Their axes formed an angle of 6°with the hori-
zontal and vertical planes passing through the axis of the
access adit. Polyvinylchloride tubes with relatively low stiff-
ness were inserted into the boreholes. Light bulbs with
a ground-glass screen were installed at their ends. Steel cross
hair targets were fixed inside the tubes at the spacing of 2m.
A detail of the installation of this optical measurement appa-
ratus into borehole No. 1 (left, top) is captured by photo in
Fig. 2 (electrical illumination of the cross hairs is seen at the
end). The targets were located in four measurement cross-
sections marked as A, B, C and D. The distances of the tar-
gets from the starting face of the gallery grew from cross-sec-
tion D up to cross-section A. The tight contact of the PVC
tubes with the rock mass being examined was provided by
annular grouting. Further on, concrete blocks with basic
marks of the zero reading were cast in the rear part of the
access adit.

A theodolite installed in the intersection points of axes of
the observation boreholes was used for the monitoring of
horizontal and vertical displacements of the targets. The sta-
bilisation of the theodolite set up was secured by a concrete
block with a central mark embedded in the adit bottom. The
theodolite was centered very precisely by means of special
equipment designed by Ing. Vencovsky from the Institute of
Mining of the Czechoslovak Academy of Sciences. Setting
the theodolite according the axis of rotation allowed for high
precision of the centering within precision limits of £ 0.1 mm.
The total accuracy of the measurement of displacement was
tested in a laboratory before the incorporation of the equip-
ment into the underground and the resultant error did not
exceed + 0.14mm. Differentiation of individual targets in one
borehole made no problems because only one of them was
always found in the theodolite telescope focus zone.

The excavation of the circular 2m-diameter stress-relief galle-
ry commenced after the completion of the preparatory work and
the doubled basic survey of all targets. The excavation was car-
ried out with completely excluded blasting operations, with
excavation rounds 0.5m long. The excavation face was continu-
ally maintained approximately vertical. The stress-relief gallery
was not provided with excavation support. The incorporated cir-
cular safety support frames (installed at 1m spacing) were not
tightened against the rock, therefore they remained unloaded,
which was in addition continually checked by a system of stra-
in gauge transducers glued on the steel sections. The conditions
with the excavation face at the distance of 2m and after comple-
te excavation of the length of 10.3m are captured by the photos
in Fig. 3 and Fig. 4, respectively.

The movement of the rock mass in the direction of the stress-
relief gallery occurred as a result of the excavation. The move-
ment was copied even by the tubes with the targets. The targets
were surveyed after the completion of every other excavation
round. The targets were observed for additional 30 days after the
completion of the excavation for the purpose of recording the
elastic recovery.

The movements of the targets were assessed depending on
the distance of the excavation face from the measured cross-
section and the time. The first measurable displacements appe-
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Obr. 4 Celkovy pohled do odlehcovaci Stoly po vyraZeni délky 10,3 m
Fig. 4 Overall view down the stress-relief gallery after the completion of the
excavated length of 10.3m

dotahovdna k horniné, a tudiZ nezatiZend, coZ bylo prubézné
jesté kontrolovdno systémem tenzometrickych snimacu nalepe-
nych na ocelovych profilech. Stav s ¢elem vyrubu ve vzdale-
nosti 2 m zachycuje fotografie na obr. 3 a po celkovém vyraze-
ni 10,3 m je na obr. 4.

V dasledku razeni dochdzelo k pohybu horninového masivu
smérem k odlehovaci Stole, ktery kopirovaly i trubky
s cilovymi znackami. Tyto byly zaméfovany po kazdém dru-
hém zabéru. Pro podchyceni slozky dopruzovani byly znacky
po dokoné&eni razeni sledovany jesté dal§ich 30 dnua.

Pohyby cilovych znacek byly vyhodnocovany v zavislosti
na vzdalenosti ¢ela vyrubu od méfeného profilu a na Case.
Prvni méfitelné posuvy se objevovaly jiz 2 az 1 m pred Celem,
pii prichodu vyrubu pod cilovymi zna¢kami dosahovaly tyto
posuvy jiZ cca 15 % kone¢nych celkovych hodnot a pfi postu-
pu 2 m za znalkami (tj. jeden primér Stoly) cca 55 %. Priklad
postupného vyvoje posunu pro nejvzdalenéjsi profil A je
vyznaCen v obr. 6. Ve vrtu ¢. 1 (levy horni) byla namérena
konec¢na svisld slozka posuvu 0,9 mm a vodorovnd 0,3 mm.
U vrtu ¢. 4 (pravy dolni) bohuzel doslo k poruSe osvétlovaci-
ho zafizeni, a proto prislu§ny diagram v obrazku chybi.

K systému méfeni pretvoreni uvedenou geodetickou meto-
dou je tfeba upozornit, Ze pro dané prostfedi poskytlo jeste
vyhovujici vysledky. Ale pro horninovy masiv s vyssi tuhosti
(napriklad s moduly pruznosti vét§imi nez cca 300 MPa) je
nutné pouzit presnéjsi metodu.

SOUVISEJICI DOPLNUJICI GEOTECHNICKE ZKOUSKY
A MERENI

Souddsti dopliujiciho inZenyrskogeologického prizkumu
pro razbu tratovych tuneli mechanizovanym S$titem pod fecis-
tém Vltavy byla jesté rada dal$ich praci. Mimo podrobné geo-
logické dokumentace prilehlych predstihovych razeb to byly
systematické odbéry horninovych vzorku pro standardni labo-
ratorni zjiStovani popisnych, zdkladnich fyzikdlnich a me-
chanickych vlastnosti. Déle v predstihu v blizkosti odleh¢ova-
ci Stoly byla situovdna rozrdzka pro sérii terénnich zkouSek
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ared already 2 to 1m before the excavation face; during the
excavation passage under the targets the displacements already
reached 15% of the final total values and ca 55% when the
excavation face advanced 2m beyond the targets (i.e. one dia-
meter of the gallery). An example of the gradual development
of displacements for the most distant cross-section A is presen-
ted in Fig. 6. The final vertical and horizontal components of
displacement measured in borehole No. 1 (left, top) amounted
to 0.9mm and 0.3mm, respectively. Unfortunately, a defect of
the illumination equipment occurred in borehole No. 4 (right,
bottom). For that reason the respective diagram is missing in
the picture.

Regarding the system of measuring deformations using the
above described survey method, it is necessary to point out that
it provided results still satisfactory for the particular environ-
ment. However, a more accurate method has to be used for rock
mass with higher stiffness (for example with moduli of elasti-
city greater than ca 300MPa).

RELATED COMPLEMENTARY GEOTECHNICAL TESTS
AND MEASUREMENTS

A number of other work operations were parts of the com-
plementary engineering geological investigation for the exca-
vation of running tunnels under the Vltava ricer bed using the
mechanised shield. Apart from detailed geological documenta-
tion of adjacent advanced excavation operations, there was the
systematic collection of rock specimens for standard laborato-
ry determination of descriptive, basic physical and mechanical
properties. In addition, a tunnel stub was carried out in advan-
ce in the vicinity of the stress-relief gallery for a series of field
rock mechanics tests. Apart from common plate loading tests
(with the area up to 5000cm?) and shear tests with the prede-
termined failure surface (along the bedding planes, weakness
planes or planes with general orientation by a rock block),
large-volume field tests on cylindrical or prismatic blocks
(1.0m high and with the transverse dimension of 0.5m) with the
free development of a failure surface — first of all under unia-
xial and triaxial compression (with detailed measurement of
deformation) were conducted. A field torsional test (combined
with compression) was even carried out for anisotropic (or
transversally isotropic) environment. The shear modulus of
deformation G 4.r was determined by this test.

The results of the particular tests and measurements are
incorporated into the survey report [6] including information
obtained from the stress-relief gallery. These materials were
further interpreted as input values for respective static assess-
ments (including FEM calculations).

In the context of designing dimensions of compressed conc-
rete lining in the section of the metro line A passage under the
Vltava river bed, the problems of stability of the pre-stress int-
roduced into the rock mass were solved. For that reason a series
of 4 long-term (120 days) modified plate load tests (the area of
5000cm?) for obtaining information on yielding of the above-
mentioned shale and, in the context of it, even on the develop-
ment of the relaxation of the introduced pre-stress were reali-
sed. A detailed description of the respective methodologies, the
obtained results and conclusions from their interpretation is
presented in the report Ref. [7].

The information is presented in the form of tables with the
values of individual basic physical, deformational and
strength-related characteristics for individual genotypes (desc-
ribing even, for example, the conditions in tectonic and fault
zones) is summarised in the overall report [8] for the purpose
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mechaniky hornin. Mimo bézné zatéZovaci zkousky deskou
(plochy az 5000 cm?) a smykové s preduréenou plochou poru-
Seni (podél vrstevnatosti, puklinatosti ¢i s obecnou orientaci
horninovym blokem) se jednalo o velkoobjemové polni zkous-
ky na valcovych ¢i hranolovych blocich (vysky 1,0 m
a pri¢ném rozmeéru 0,5 m) s volnym vyvinem plochy poruSeni
— predevsim v jednoosém a tfiosém tlaku (s podrobnym mere-
nim pretvoreni). Pro anizotropni prostredi (resp. transverzalne
izotropni) byla dokonce prototypove realizovdna terénni
zkous$ka v krouceni (kombinované s tlakem) a touto byl stano-
ven smykovy modul pretvarnosti Gaer.

Vysledky prislusnych zkousek a méreni jsou zaClenény do
pruzkumné zprivy [6] a to vCetné informaci z odlehcovaci
Stoly. Tyto materidly byly ddle interpretovany jako vstupni
hodnoty do prislusnych statickych posudku (véetné vypoltu
metodou kone&nych prvku).

V souvislosti s dimenzovanim osténi z lisovaného betonu
v tseku podchodu trasy A metra pod fec¢istém Vltavy byla rov-
néz reSena problematika stabilnosti vneseného tlakového pred-
péti do horninového masivu. Proto zde byla realizovdna série
¢tyt dlouhodobych (120 dni) modifikovanych zatéZovacich
zkousek deskou (plochy 5000 cm?) pro ziskan{ informaci o do-
tvarovéni vySe popsané bridlice a v souvislosti s timto i o pru-
béhu relaxace vneseného predpéti. Podrobny popis prislusnych
metodik, zjisténych vysledku a zdvéru z jejich interpretace je
v pruzkumné zpraveé lit. [7].

Pro ucely vypoctu napjatosti horninového masivu (a déle
i projektového statického posouzeni konstrukce) byly vySe
uvedené informace celkové shrnuty ve zprave [8]. Zde jsou
tabelarné uvedeny pro jednotlivé geotypy (vystihujic{
i napriklad poméry v tektonickych a poruchovych zénach)
hodnoty jednotlivych zdkladnich fyzikdlnich, pretvdrnych
a pevnostnich charakteristik. Pro ilustraci jsou jejich hloubko-
vé prubéhy také vyneseny do vybranych pri¢nych fezu.
Sledované vlastnosti byly vstupnimi hodnotami do statickych
vypodtu, a to predevsim pfi interpretaci matematického mode-
lovéni metodou kone¢nych prvku.

MATEMATICKE MODELOVANI POKUSU METODOU
KONECNYCH PRVKU

Uvedeny matematicky model zpracoval projektant tohoto
useku prazského metra — Hydroprojekt Praha, konkrétné jeho
$éf specialistka M. Dolezalova. *)

Charakter zastizeného horninového masivu (se znacnou
nehomogenitou) a provedeného velkoobjemového dlouhodo-
bého geotechnického pokusu vyZzadovaly adekvdtni zpusob
pro vyhodnoceni vysledku. Jednalo se vlastné o matematické
modelovdni pokusu s pfihlédnutim k vysledkim ostatnich
terénnich zkouSek. Uvedenym poZadavkum nejlépe vyhovova-
la metoda kone&nych prvka.

Pro feSeni byl prijat zjednodusujici predpoklad rovinného
feSeni pro dobu, kdy nastalo dplné vydechnuti horninového
masivu. Déle byla akceptovdna podminka, Ze v zdjmové z6né

*) Ing. Marta DoleZalovd, CSc. (pozdéji obdrZela v rodném
Madarsku i titul vysokoskolského profesora) byla v nast republice
priitkopnici matematického modelovdni metodou konecnych prvkii
(jiz od zacldtku sedmdesdtych let minulého stoleti) a celoZivotné
v této geotechnické specializaci mimorddné vynikala, coz? platilo
i v mezindrodnim mé¥itku (zejména pro podzemni stavby). BohuZel
Jiz neZije, zemrela 23. 12. 2013. Prislusnd kapitola je zde proto
sestavena na podkladé jejich vysledkii z roku 1974, soustiedénych
predevsim ve zprdvé [9].
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Obr. 5 Sit’konecnych prvku
Fig. 5 Finite elements network

of the calculation of the rock mass stress (and further even for
the structural analysis of the structure by the designer). For
illustration, their values varying with depth are also plotted in
cross-sections in the report. The respective properties became
the input values for structural analyses, first of all for the inter-
pretation of the FEM mathematical modelling.

MATHEMATICAL MODELLING OF THE EXPERIMENT
USING THE FINITE ELEMENT METHOD
The respective mathematical model was prepared by the

designer for this Prague metro section - Hydroprojekt Praha,
more specifically by its chief, specialist M. Dolezalova. *)

*) Ing. Marta DoleZalovd, CSc. (she later received even the title of
a university professor in native Hungary) was a pioneer of mathe-
matical modelling using the Finite Element Method (as long ago as
the beginning of the 1970s) and exceptionally excelled in this geo-
technical specialisation for the whole life. This applied even on the
international scale (namely to underground structures). Unfortu-
nately, she is no more alive, she died on 23/12/2013. The respective
chapter is for that reason compiled on the basis of her results from
1974, which were concentrated mainly in the report [9].
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The character of the rock mass
encountered (with a significant inho-

| } 1f
208

0 0.2 04 06 08 10 mm

NO mm 10 08 06 04 02

mogeneity) and of the large-volume
219 long-term geotechnical experiment
required an adequate method for

0.2 A -]

0.4 Y |

06 \

-~
1 ~|o
L

08

10
mm

mm D
10

08

-

| ISt

*-“-—.

04

=

=1z —

2 04 06 08 10 mm

assessing the results. It was actually
the mathematical modelling of the
Sl o4 experiment taking into consideration
the results of other field tests. The
0.6 Finite Element Method (FEM) met
08 the requirements best of all.
] A simplifying assumption was
adopted for the solution for the
time when the total stress relief due
to excavation was over. In additi-
on, the condition was accepted that
atoai the yield point was not exceeded in
the zone of interest, therefore that
the linear variant of the FEM could
be used. The problem was formula-
ted as an iteration problem, i.e. the
magnitude and distribution of
geostatic stresses were set at ran-
dom and the resultant field of cal-
culated displacements was compa-
red with the measured displace-
ments.
The expected stress gradients,
geological conditions and, first of
all, exact placement of measure-
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/ ment points (of them, the nods 67,

208 and 219 are marked in Figures
5 through to 9 for the last measu-
red cross-section A) were respec-
ted when the domain was being
divided into the finite elements.

Ko=0,25

’ The domain was divided in great
Ko=o035 detail — the total number of ele-
K, = 0,50 ments was 690 and the number of

nodes was 397 — see Fig. 5. The
borders were selected at the distan-
ce of 5 to 6-times the diameter of
the opening so that the influence of

Obr. 6 Porovndni mérenych a vypoctenych posuvi v profilu A

Fig. 6 Comparison of measured and calculated displacements in cross-section A

nebyla prekrocena mez kluzu, a miZe byt tedy pouZita linedr-
nf varianta metody koneénych prvkd. Uloha byla formulovana
jako iteracni, tj. velikost a rozdéleni geostatickych napéti se
zaddvalo zkusmo a vysledné pole vypodétenych posuvu se
porovnalo s namérenymi.

Pii déleni oboru na kone¢né prvky byly respektovdny oceka-
vané gradienty napéti, geologické podminky a hlavné presné
umisténi mérnych bodu (z téchto jsou v obr. 5 aZz 9 vyznaceny
pro posledni méfeny pri¢ny fez A uzly 67, 208 a 219). Obor byl
délen velmi podrobné — celkovy pocet prvkua byl 690 a po&et uzl
397 — viz obr. 5. Hranice byly zvoleny ve vzdalenosti 5-6ndsob-
ku praméru otvoru tak, aby na nich byl jiz vliv odleh&ovaci toly
na primdrni napjatost bezvyznamny. Jako zatiZeni bylo predpo-
klddéno jen pusobeni vlastni tthy horninového masivu.

Pro zdravé rozpukané bridlice vinického souvrstvi byl
aplikovan transverzalné izotropni model pretvarnych
a pevnostnich vlastnosti (s pomérem moduli pruZnosti ve
sméru vrstevnatosti a kolmo na ni v hodnoté 1,5).

Doletalr& M7 the stress-relief gallery on the pri-

mary state of stress was unimpor-
tant on them. The load was assu-
med to consist only of the rock mass dead weight.

A transversally isotropic model of deformational and
strength-related properties (with the proportion between
moduli of elasticity in the direction of bedding and perpendi-
cularly to it amounting to 1.5) was applied to the fresh Vinice
Formation fractured shale.

The modulus of elasticity (parallel with the bedding)
E = 300MPa, Poisson’s ratio v = 0.26, shear parameters in
the direction of bedding ¢ = 25° and ¢ = 0.05MPa and
perpendicularly to the bedding ¢ = 31° and ¢ = 0.07MPa and
the unit weight y = 24.5 were introduced in the basic set of
input geotechnical characteristics for fresh Vinice Formation
shales.

Graphical comparison of calculated and measured values
of deformation for the coefficients of lateral pressure
Ky =0.25,0.35 and 0.50 being verified is for the represen-
tative most distant cross-section A assembled in Fig. 6. The
assessment of the magnitude and direction of displacements
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Obr. 7 Vektory posuvii v profilu A pii K, = 0,32
Fig. 7 Vectors of displacements in cross-section A at K, = 0.32

V zékladni sestave vstupnich geotechnickych charakteristik
byl pro zdravé bridlice vinickych vrstev zavddén modul pruz-
nosti (rovnobézné s vrstevnatosti) E = 300 MPa, Poissonovo
¢islo v = 0,26, smykové parametry ve sméru vrstevnatosti
¢ =25°ac=0,05MPa a pro kolmo k vrstevnatosti ¢ = 31°
ac =0,07 MPa a objemovd ttha y = 24,5 KNm-3.

Grafické porovndni vypocétenych a naméfenych hodnot
deformaci pro ovérované soucinitele bo¢niho tlaku Ko = 0,25;
0,35 a 0,50 je pro reprezentativni nejvzdalenéjsi pricny profil
A sestaveno do obr. 6. Vyhodnoceni velikosti a sméru posuvi
je do znatné miry ovlivnéno volbou smérodatného tuseku.
Prazkumem byly zjistény i sloZky posuvu, které vznikly
v uvazovaném profilu jesté pred vyjmutim horniny. Ty jsou
vsak vyvolany prostorovou soustavou sil, jejiz smer je jiny nez
po provedeni vyrubu. Proto ve vypoctech byly za smérodatné
pokladédny jen Cdsti z této druhé faze pretvoreni.

Z porovnani vysledku ve tfech zdjmovych bodech byl stano-
ven prumérny soucinitel tlaku v klidu Ko = 0,32. Pro tuto hod-
notu byl déle stanoven vysledny stav pretvoreni a napjatosti
vyznaceny v obr. 7 a 8.

ZAVER

Pro ucely projektu tratovych tuneld trasy A prazského metra
pod fecistém Vltavy se v letech 1973-1974 podafilo velkoob-
jemovou metodou odlehceni S$tolou s vypoctem metodou
kone&nych prvku stanovit soucinitel tlaku v klidu. V prostiedi
zdravych mékkych jilovitych bridlic vinickych vrstev (ordovik)
s velmi velkou az velkou hustotou diskontinuit byla zji§téna
prumérna hodnota K, = 0,32.
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Obr. 8 Stav napjatosti v profilu A pri K, = 0,32
Fig. 8 State of stress in cross-section A at K, = 0.32

is affected to a great extent by the selection of the decisive
section. Even the components of displacements which
originated in the particular cross-section before the removal
of rock were identified by the survey. However, these com-
ponents are caused by a spatial system of forces the directi-
on of which is different than that for the execution of the
excavation. For that reason only the parts from this second
phase of deformation were considered as decisive in the cal-
culations.

The average coefficient of pressure at rest Ko = 0.32 was
determined on the basis of the comparison of results in
three points of interest. The resultant state of deformation and
stress presented in Figures 7 and 8 was further determined for
this value.

CONCLUSION

The coefficient of pressure at rest was successfully deter-
mined for the purpose of the design for the Prague Metro
Line A running tunnels under the Vltava river bed using the
large-volume stress-relief gallery method, with the calculati-
on using the Finite Element Method. The average value of
Ky =0.32 was determined in the environment formed by fresh
Vinice Formation (Ordovician) clayey shales with very close
to close spacing of discontinuities.

It is possible on the basis of the terrain morphology and
geological history to expect the absence of residual stresses
in the vertical direction. It follows from the overburden
weight that the normal stress at the level of the stress-relief
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Z morfologie terénu a geologické historie 1ze v zdjmové gallery oy = 0.49MPa. After multiplying by the above-men-
oblasti predpokladat absenci rezidudlnich napéti ve vertikalnim tioned Ky, the horizontal stress at rest o, = 0.16MPa.
sméru. Z tihy nadloZi vyplyvé v drovni osy odlehcovaci Stoly A similar value was also obtained by the calculation from
normdlné vertikdlni napéti o, = 0,49 MPa. Po vynasobeni vyse the well known relationship u o, = 0, .v /(1 - v) - with the

uvedenym K, vychdzi horizontélni klidové napéti o, = 0,16 MPa.
Obdobnd hodnota byla ziskdna i vypoctem ze zndmého vztahu
op =0, .Vv /(1 -v)-prizavedeni vySe uvedeného Poissonova
Cisla zjisténého terénnimi zkouSkami na horninovych blocich
v = 0,26. Toto dokazuje i absenci rezidudlnich napéti v ho-
rizontdlnim sméru.

Uvedeny priklad predstavuje vhodné spojeni experimen-
talnich mereni in situ s matematickym modelovanim meto-

dou koneénych prvku pro feSeni problému mechaniky hor- i ) o )
nin. Metoda odleh&eni §tolou se jevi jako vhodn4 k urdenf gallery method appears to be suitable for the determination of

above-mentioned Poisson’s ratio determined by field tests on
rock blocks v = 0.26 introduced into the calculation. This
fact in addition proves the absence of residual stresses in the
horizontal direction.

The example presented above represents a connection of
experimental in situ measurements with mathematical model-
ling using the Finite Element Method, which is suitable for
the solution to rock mechanics problems. The stress-relief

sloZek napjatosti i v komplikovaném prostiedf heterogennich | the state of stress in a complicated environment formed by
a anizotropnich skalnich hornin. Re$i problematiku v mé- heterogeneous and anisotropic rock. It solves the problems in
fitku z hlediska budovéni podzemnich dél adekvatnim pred- a scale adequate from the aspect of building underground
stavam horninového masivu (do vyhodnocovaného pretvar- workings to the image of the rock mass (a volume exceeding
ného procesu byl zapojen objem vétsi nez 100 m3) a lze ji 100m3 was involved in the deformational process). It can be
pouzit i v prostredi intenzivné rozpukanych az rozdrcenych applied even to the environment formed by intensely fractu-
hornin. Vzhledem k ndro¢nosti vSak jeji aplikace je opravné- red up to crushed rock. Although, with respect to the exac-
nd jen v pifpadech priizkumu pro velmi exponovany pod- tingness, its application is justified only in the cases of
zemni objekt s vyraznou zdvislosti na sloZkdch primdrni a survey for a highly exposed underground structure with

napjatosti.

Pro komplexnost Ize dodat, Ze zjiStény soucinitel horninové-
ho tlaku v klidu K = 0,32 je ve statickych vypoctech pro praz-
ské bridlice bézné interpretovan i v soucasné dobé. O zde uve-
dené problematice bylo v roce 1977 referovano na mezindrod-
nim sympoziu Italské geotechnické spole¢nosti — viz lit. [10].

marked dependence on the components of primary state of
stress.

For the reason of complexness it is possible to add that the
determined coefficient of rock mass pressure at rest Ky = 0.32
is commonly interpreted in structural analyses for Prague
shales even today. The problems described above were repor-

Ing JIRI HUDEK, CSc jiri.hudek@pudis.cz ted at the international symposium of the Italian Geotechnical
. s ., Jiri. .z,
PUDIS a.s. Association in 1977 — see Ref. [10].
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PRIKLAD PLASTICITNIHO POSOUZENI DULNI OCELOVE VYZTUZE
OBDELNIKOVE STAVEBNI SACHTY PODLE CSN EN 1993-1-1
EUROKOD 3 S VYUZITIM STABILITNIHO VYPOCTU

EXAMPLE OF PLASTICITY ASSESSMENT OF STEEL COLLIERY
SUPPORT OF A RECTANGULAR CONSTRUCTION SHAFT ACCORDING
TO CSN EN 1993-1-1 EUROCODE 3 USING A STABILITY CALCULATION

JAKUB DOLEJS, MICHAL SEDLACEK

ABSTRAKT

V soucasné dobé je jedinym platnym predpisem pro ndvrh a posouzeni ocelovych konstrukci CSN EN 1993-1-1 — Eurokdd 3: Navrhovdni
ocelovych konstrukei — Cdst 1-1: Obecnd pravidla a pravidla pro pozemni stavby. PoZadavky uvedené v této normé se vztahuji i na ocelové kon-
strukce pouZivané v podzemnim stavitelstvi, jako jsou napriklad vdlcované profily dulni vyztuZe, které se pouzivaji pri razbé stol, pri hloubent
Jjam a Sachet. Ze statického hlediska md ocelovd dulni vyztuZ, za predpokladu dokonalé aktivace vlastniho paZeni, schopnost prendset zatizeni
zemnim tlakem ihned po jeji instalaci. V prispévku je uveden plasticitni pristup pro posouzeni obdélnikové stavebni Sachty s vyuZitim stabilitni-
ho vypoctu.

ABSTRACT

The currently only applicable regulation for the design and assessment of steel structures is CSN EN 1993-1-1 — Eurocode 3: Design of steel
structures — Part 1-1: General rules and rules for buildings. The requirements contained in this standard are related even to steel structures used
in underground construction, such as for example, rolled-steel colliery support sections used in driving galleries, excavation of pits and shafts.
From the static point of view, steel colliery supports, under the assumption of perfect activation of excavation bracing, is capable of transferring
ground pressure loads immediately after their installation. The paper presents a plasticity approach to the assessment of a rectangular construc-

tion shaft using a stability calculation.

ovob

Jednim z nejcastéjSich duvodua pro budovéni stavebnich
Sachet je rekonstrukce ¢i novd vystavba inZenyrskych siti
(kanalizace, vodovod, energetika). Primdrni konstrukce téchto
stavebnich Sachet je Casto tvofena dulni ocelovou vyztuZi
v kombinaci s prisluSnym pazenim podle zastizené geologie
(napf. ocelové ¢&i drevéné paziny nebo stfikany beton
s betonarskou siti). Nasledujici text se vénuje plasticitnimu
posouzeni tohoto typu konstrukci podle v soucasné dob¢ jediné
platné normy CSN EN 1993-1-1 Eurokéd 3: Navrhovani oce-
lovych konstrukci — Cast 1-1: Obecnd pravidla a pravidla pro
pozemni stavby [1] (déle jen norma). Voln€ navazuje na ¢lanek
[2], ktery se zabyvd obecnym postupem provedeni globalni
analyzy ocelové konstrukce a konzervativnim, pruZnym posou-
zenim dulni ocelové vyztuze (obr. 1).

Obr. 1 Sachta vyztuZend ocelovou dilni vyztuzi
Fig. 1 Shaft reinforced with steel colliery support

INTRODUCTION

One of the most frequent reasons for carrying out constructi-
on shafts is the reconstruction or new development of utility
networks (sewers, water lines, power engineering structures).
Construction shafts are frequently formed by steel colliery fra-
mes in combination with respective bracing. The primary struc-
tures of construction shafts are frequently formed by steel col-
liery supports in combination with relevant lagging correspon-
ding to the geology encountered (e.g. steel or wooden lags or
shotcrete with reinforcing mesh). The following text deals with
the plasticity assessment of this type of structures according to
the currently only valid standard CSN EN 1993-1-1 — Eurocode
3: Design of steel structures — Part 1-1: General rules and rules
for buildings [1] (hereinafter referred to as the Standard). It fre-
ely builds on the paper [2], which deals with a general proce-
dure for the execution of a global analysis of a steel structure
and conservative, elastic assessment of steel colliery support
(see Fig. 1).

CONDITIONS FOR THE APPLICATION OF PLASTICITY
CALCULATION

As already indicated above, the authors used conservatively
elastic stress distribution through the cross-section in the paper
[2]. If the cross-section meets criteria for class 1 or class 2
according to the Standard, it will have rotational capacity suf-
ficient for plastic distribution of stress. The issue of rotational
capacity of a steel support capacity in long mine workings was
dealt with by Janas et al. [3, 4, 5]. They concluded that a similar
rolled-steel “top hat” profile of colliery steel support can be
categorised as cross-sectional class 1 (see Fig. 2).

The categorisation of common geometries is carried out
according to simplified criteria (limitation of the proportion of
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Obr. 2 Detail deformace prurezu TH 29 [3]

Fig. 2 Detail of TH 29 cross-section deformation [3]

PODMINKY PRO POUZITI PLASTICITNIHO VYPOCTU

Jak jiZ bylo naznaceno vySe, v ¢ldnku [2] autori pouzili kon-
zervativné pruzné rozdéleni napéti po prurezu. Pokud prufez
bude splnovat kritéria pro 1., resp. 2. tfidu podle normy, bude
mit prurez dostate¢nou rota¢ni kapacitu pro plastické rozdélen{
napéti. Otdzkou rotadni kapacity prafezu ocelové vyztuze
v dlouhych dulnich dilech se zabyval Janas a kol. [3, 4, 5]. Dosli
k zdvéru, ze obdobny valcovany profil dulni ocelové vyztuze
korytkového tvaru lze zaradit do tiidy prufezu 1 (obr. 2).

Zatridéni se pro bézné tvary provadi podle jednoduchych kri-
térii (omezeni poméru Sitky a tloustky kazdé tlafené c&asti),
u nestandardnich prifezii 1ze bud uvaZzovat zjednodusené tvary,
na néz se prislusnd kritéria pouZiji, nebo je potfeba provést
naro&néjsi stabilitni vypodet, ktery prokdZe chovéni prufezu pri
vétsich deformacich. VyuZitim plastické rezervy muZe byt
u prufezu obdobného tvaru dosaZzeno vyrazné vyS§i dnosnosti.

CISELNY PRIKLAD

Konstrukce §achty

Sachta, na niZ bude demonstrovén plasticitni posudek, ma
obdélnikovy pudorys o rozmérech 2,2 x 3,2 m a hloubku 19 m.
Ohlubnovy rdm je tvofen ocelovymi profily IPN 200, které jsou
usazeny do vodorovné polohy. Na ohlubnovy rdm jsou instalo-
vany zaveésy z ploché oceli P 80/10 mm a na tyto zavésy je usa-
zen prvni vodorovny ram Sachty. Dalsi vodorovné ramy jsou
pomoci z&ve€si osazovédny pri postupném hloubeni Sachty.
Vodorovné ramy musi byt okamzité po instalaci aktivovdny,
napfiiklad pomoci dfevénych klinu. PaZeni je tvofeno ocelovy-
mi paznicemi Union tl. 3 mm.

KaZdy vodorovny rdm Sachty se skldd4 ze Sesti dilu vdlcova-
né dulni vyztuze profilu K21. Spojeni jednotlivych dilt rdmu
dulni ocelové vyztuZe se provede tfmenovym spojem (obr. 2).
Numericky model

Pro veskeré kroky numerické analyzy konstrukce byl pouZzit
program Scia Engineer 15.

Vodorovny rdm Sachty je modelovdan pomoci prutovych
prvki, geometrie rdmu je ddna jeho stfednici.

Rém je po obvod¢ uloZen na radidlnich a tangencidlnich podpo-
rach. Radidlni podpory k.4 pasobi pouze v tlaku a jsou linedrné
pruzné, tuhost podepreni je uvaZzovana hodnotou k,q =5 MN / m3.
Tangenciélni podpory jsou uvolnéné, tieni zjednoduSené neni uva-
zovéano. Vsechny kroky vypoCtu jsou provadény na rovinnych
modelech.

ZatiZeni je aplikovdno jen na pfimé &asti vyztuze, v rozich
(v zaoblenych Castech) zatiZeni neni uvaZovano.
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the width to the thickness of each compressed part; at non-stan-
dard cross-sections it is possible either to consider simplified
geometries to which the respective criteria are to be applied or
it is necessary to carry out a more exacting stability calculati-
on, which will prove the behaviour of the cross-section in the
case of greater deformations. Significantly higher loading
capacity cross —sections with a similar geometry can be achie-
ved by using the plastic reserve.

NUMERICAL EXAMPLE

Shaft structure

The shaft which the plasticity assessment will be demonstra-
ted on is rectangular in plan view, with the dimensions of
2.2x3.2m and the depth of 19m. The pit bank is formed by IPN
200 steel profiles, which are installed horizontally. Flat steel
hangers are fixed to the pit bank frame and the first horizontal
shaft frame is attached to them. The next horizontal frames are
installed by means of hangers during the course of the gradual
sinking of the shaft. The horizontal frames have to be activated
immediately after the installation, for example by means of
wooden wedges. The shaft support is formed by 3mm thick
Union steel lags.

Each horizontal shaft frame consists of six parts of rolled-
steel colliery section K21. Individual parts of the frame will be
interconnected by sliding joints (see Fig. 2).

Numerical model

Scia Engineer 15 software was used for all steps of the nume-
rical analysis of the structure.

The horizontal frame of the shaft is modelled by means of the
framework elements; the geometry of the frame is defined by
its centre line.

The frame is mounted around the circumference on radial
and tangential carriers. The radial carriers k4 act only in com-
pression and are linearly elastic; the support rigidity is consi-
dered by the value k,,; = 5MN / m3. Tangential carriers are rela-
xed, friction is not assumed for simplification. All calculation
steps are performed on planar models.

Loads are applied only to the straight part of the excavation
support, no load is assumed in corners (rounded parts).

The closed frame is formed by four sides and four rounded
corner parts. All joints of connecting beams are modelled as
stiff elements. Cross-sectional characteristics of the “K21” sec-
tion are presented in Table 1. Double values of the area A and
the moment of inertia Iy are introduced into the calculation in
the locations of joints (the cross-section “Joint”).

Assessment procedure

The assessment of the steel support will be carried out using
two methods:

e using the analysis of the structure without imperfections

(GNA);

e using direct solution of imperfect structure by 2nd order of

calculation (GNIA).

GNA (Geometrically Nonlinear Analysis) — Geometrically
nonlinear elastic analysis represents a procedure where balance
is determined on a deformed structure under the assumption of
linear behaviour of the material. The method is commonly used
under the assumption of small deformations (displacements
and rotation of nodes) and usually is referred to as 2nd order
theory. Great displacements (and rotation) are usually taken
into consideration only at cable structures.

GNIA (Geometrically Nonlinear Analysis of the Imperfect
Structure) — Geometrically nonlinear elastic analysis on
a nonlinear structure represents a method which takes into con-
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Tab. 1 Zdkladni prurezové charakteristiky profilu K21
Table 1 Basic cross-sectional characteristics of the profile K21

oznaceni jednotky hodnota
marking  units  value

materidl ocel 11500 — mez kluzu fy MPa 295
material steel grade 11500 — yield strength

hmotnost / weight G kg/m® 20,74
plocha / area A mm? 2642
moment setrvaénosti ly mm* 3191000
moment of inertia

vzdalenost hornich viaken od tézisté Yh mm 51,89
distance of upper fibres from centre of gravity

vzdalenost dolnich viaken od téZisté Yd mm 52,11

distance of lower fibres from centre of gravity

pruzny prifezovy modul homich vidken Wh,y, e mm® 61500

elastic section modulus of upper fibres

pruzny prifezovy modul dolnich vidken Wa,y, el mm® 61240
elastic section modulus of lower fibres
staticky moment plochy v téZisti Sy mm® 42130
moment of area in the centre of gravity
$itka profilu v misté fezu vodorovnou t mm 13,96

téZistovou osou / profile width in the location
of the section through the horizontal gravity
centre axis

Uzavieny rdm tvori Ctyfi strany a Ctyfi rohové obloukové
¢asti. Viechny spoje navazujicich pruti jsou modelovédny jako
tuhé. Prafezové charakteristiky prufezu ,,K21% jsou uvedeny
v tab. 1. V mistech spoju (prufez ,,Spoj) jsou zaddny dvojna-
sobné hodnoty plochy A a momentu setrvacnosti Iy.

Postup posouzeni

Posouzeni ocelové vyztuze bude provedeno dvéma zpusoby:

e s vyuzitim analyzy konstrukce bez imperfekci (GNA);

e s vyuzitim primého feSeni imperfektni konstrukce II.

fddem (GNIA).

GNA (Geometrically Nonlinear Analysis) — Geometricky
nelinedrni pruznd analyza predstavuje postup, kdy se rovnova-
ha stanovuje na deformované konstrukci za predpokladu line-
drniho chovani materidlu. BéZné se metoda pouZiva za predpo-
kladu malych deformaci (posunt a natoCeni uzli) a byvd ozna-
¢ovéna jako teorie II. fadu. Velké posuny (a natoceni) se zpra-
vidla uvazuji jen u lanovych konstrukei.

GNIA (Geometrically Nonlinear Analysis of the Imperfect
Structure) — Geometricky nelinedrni pruznd analyza na imper-
fektni konstrukci predstavuje metodu, kterd zohlednuje vliv
imperfekci a vliv G&inku II. fd4du. Oproti metodé GNA jsou
zavedeny imperfekce konstrukce do vypocetniho modelu.
Prvni zplisob - analyza konstrukce bez imperfekci (GNA)

Postup posouzeni obsahuje tyto zdkladni kroky:

Stabilitni vypocet

Klasifikace soustavy

Nelinedrni globalni analyza GNA (vypocet vnitfnich sil)
Posouzeni rdmu v meznim stavu tinosnosti

Posouzeni spoje, tzn. odporu vyztuZe proti prokluzu

. Posouzeni v meznim stavu pouZitelnosti

Stabilitni vypocet

Stabilitni vypocet bude vyuZit jednak pro klasifikaci rdmu,
jednak pro stanoveni Stihlosti, resp. soucinitele vzpérnosti.
Stabilitni kombinace je tvofena pouze jednim zatéZovacim sta-
vem, vodorovnym konstantnim ndvrhovym zatiZzenim
o velikosti pg,; = 40 kN/m pusobicim po celém obvodu ramu.

AN N AW =
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sideration the influence of imperfections and 2nd order effects.
In comparison with the GNA method, structural imperfections
are introduced into the analysis model.

The first procedure — structural analysis without imper-
fections (GNA)

The analysis procedure comprises the following basic steps:

1. Stability calculation

2. System classification

3. Nonlinear global analysis GNA (calculation of internal

forces)

4. Assessment of the frame in the ultimate limit state

5. Assessment of the joint, i.e. support resistance to yielding

6. Assessment in the limit state of serviceability

Stability calculation

The stability calculation will be used both for the frame clas-
sification and for the determination of slenderness, respective-
ly the buckling coefficient. The stability combination is formed
only by one loading case, the horizontal constant design
PEd = 40kN/m acting around the whole frame circumference.

With respect to the fact that the horizontal carriers of the
frame are assumed to act only in one direction (pressure in the
direction toward soil), it is necessary, in the meaning of the ter-
minology used in the majority of commercial static programs,
to carry out the nonlinear stability calculation. The majority of
software programs recommend in such a case that the stability
calculation is carried out “manually” by gradual increasing the
external loading and monitoring the nonlinear response of the
model. The critical load is reached and the deformation corres-
ponds to the first natural mode shape of the stability buckling
at the moment when the magnitude of the load is such that the
structure collapses. This procedure was applied here only for
the determination of the basic shape of the frame buckling (lon-
ger sides are deformed in the direction inside the shaft, shorter
sides are pressed into the soil). In this case the modified
Newton-Raphson method (MNR) with ten loading increments
was used; less than 100 iterations were carried out in each step.
Internal forces were calculated for the initial geometry of the
structure, i.e. for a structure without imperfections. It is appro-
priate to recall the fact that it is still a materially elastic global
analysis, which takes into consideration neither the contingent
plasticisation of cross-sections (development of plastic hinges)
nor its influence on the redistribution of internal forces.

After it was evident in which way the frame would collide, the
model for subsequent calculations was modified: the linear carriers
on the longer sides were removed (they do not come in useful) and,
on the contrary, they remained on the shorter sides and were chan-
ged to the “elastic” type, it means for compression as well as ten-
sion (which situation, however, will not come about). This modifi-
cation allowed for carrying out standard linear stability calculation,
which is very important for the following assessment.

This procedure was applied to the determination of the coef-
ficient of critical load o, = 40.7 and definition of the first natu-
ral shape of the stability buckling of the frame (see Fig. 6). The
importance of the coefficient is obvious from relationship (1).

Xera = h ’ (D
" Nga
where N, 1is the elastic critical force of the beam with non-
weakened cross-section for the respective man-
ner of buckling and
NEg4 is the normal force in the same beam at the acti-
on of the design load

The first natural shape exhibits significant deformation of the
longer sides of the rectangle and corresponds to the stability
failure of longer beams.
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Vzhledem k tomu, Ze vodorovné podepreni rdmu je uvazova- Calculation of internal forces
no jen v jednom sméru (tlak smérem do zeminy), je nutno ve Further on, the geometrically nonlinear analysis of the same
smyslu ndzvoslovi uzivaném ve vétsiné komercnich statickych structure was carried out for the design load (magnitude
programu provést nelinedrni stabilitni vypocet. Vétsina softwa- PEea =40 kN/m). The results of the analysis is the internal force
ri doporucuje v takovém pripadé provedeni stabilitniho vypo- diagram for an ideal structure with gradual deformation due to
Stu ,ruéné“ postupnym zvySovanim vnéjsiho zatiZeni the acting load taken into consideration (Fig. 7).
a monitorovdnim nelinedrni odezvy modelu. V okamZiku, kdy System classification
je velikost zatiZeni takovd, Ze dojde ke kolapsu konstrukce, je The classification of the system in the meaning of the
dosaZeno kritického zatiZeni a deformace odpovidd prvnimu Standard (paragraph 5.2.1 of the Standard) was described in
vlastnimu tvaru stabilitniho vyboCeni. Zde byl tento postup | more detail in [2]. In brief, if the value of coefficient ocr is
pouZit jen pro stanoveni zdkladniho tvaru vyboceni ramu (delsi smaller than 10 (respectively 15 in the case of plastic global
strany se deformuji smérem do Sachty, kratsf strany se zatlaCu- analysis), it is necessary during the course of the global analy-
ji do zeminy). V tomto piipadé byla pouzita modifikovand sis to consider the effect of the structure deformation on the
Newton-Raphsonova metoda (MNR) s deseti pfiriistky zatiZe- | variation of internal forces. It can be carried out in several
ni, v kazdém kroku bylo provadéno nejvyse 100 iteraci. Vnitin{ ways; details can be found in the Standard.
sily byly vypoCteny pro po&itecni geometrii konstrukei, tedy It follows from this fact that the value of the coefficient of
pro konstrukci bez imperfekei. Je namisté pfipomenout, Ze se critical load can vary for various beams within the framework
stdle jedna o materidlové pruznou globdlni analyzu, kterd nezo- of one model. Taking into consideration the buckling shape we
hlediiuje pfipadnou plastifikaci prifezi (vznik plastickych obtained (and hence the presumed weakest point of the structu-
kloubti) a jeji vliv na prerozdélent vnitinich sil. re), the beam on the longer side of the frame was considered for

Poté, co bylo ziejmé, jakym zpusobem rdm zkolabuje, byl
model pro navazujici vypocty upraven: liniové podpory na del-
§ich strandch byly odebrdny (neuplatni se), naopak na kratSich
strandch byly ponechdny a upraveny na typ ,,pruznd“, tedy Ner = Ngg- @ = 42.3-40.7 = 1722kN .
v tlaku i v tahu (ktery ale nenastane). Tato Gprava umoZnila
provést standardni linedln{ stabilitni vypocet, ktery je pro dals{

posouzeni velmi vyznamny.

the further calculation.
The resultant value of N¢r is then

Despite the fact that the value of coefficient a,,; is not smal-
ler than 10, the frame deformation will be taken into account in
the subsequent calculation. Here the authors chose the use of

Timto postupe.m byl stanoven souinitel kr.it.ického zat{Zent the Geometrically Nonlinear Global Analysis (GNA). Of cour-
a.r = 40,7 a definovan prvni vlastni tvar stabilitniho vyboceni se, the same type of analysis was carried out already in the

rdmu (obr. 6). Vyznam soutinitele je patrng ze vztahu (1). “manual” stability calculation, which means that the classifica-

Ner (1 tion of the system has practically no importance in the concre-
Nea' tely presented numerical example (nevertheless, the geometri-
cally nonlinear analysis was carried out).

Assessment of the frame in the ultimate limit state

The beam on the longer side of the rectangle will be assessed.
The basic frame is interrupted in the point of the greatest ben-
ding moment and internal forces are transferred only by a K21
cross-section strap. According to the Standard it is necessary

for the beam assessment to meet the following conditions:

Aerq =

kde N, je pruzna kritickd sila prutu neoslabeného prurezu
pro piislusny zpusob vybo&eni a
Ngy je normélovd sila v témZe prutu pri pusobeni ndvr-
hového zatiZeni.
Prvni vlastni tvar vykazuje vyraznou deformaci delSich stran
obdélniku a odpovida stabilitnimu poruseni del§ich prutu.
Vypo et vnitinich sil

Dile byla obdobnym zptusobem provedena geometricky neli- Ngq o M gy = . 5
nedrni analyza stejné konstrukce pro ndvrhové zatiZeni (veli- X NRk vy Xt M s an 2
kosti pgg = 40 kN/m). Vysledkem jsou pribéhy vnitfnich sil na o = S
idedlni konstrukci s uvdZenim postupného pretvareni vlivem Y Ymi
pusobl’c.:l?lo zatizeni (obr. 7). N My,Ed ;

Klasifikace soustavy +k s, 3)

Klasifikace soustavy ve smyslu normy (v normée odst. 5.2.1) i Sl

byla autory podrobnéji popsédna v [2]. Struéné feceno, pokud je mi w1
hodnota soucinitele ., mensi nez 10 (resp. 15 v pripadée plas- where
tické globdlni analyzy), je nutno pfi provadéni globalni analy- NEga and My, ga are design values of the compressive force
zy uvézit vliv pretvoreni konstrukce na prubéhy vnitinich sil. and the greatest moment relative to the y-y
To je mozno provést nékolika zplisoby, podrobnosti je moZné axis which act on the beam;
najit v norme. Nrir and Mgy are characteristic values of compression

Z toho plyne, Ze hodnota soucinitele kritického zatizeni se (respectively bending) load-carrying capaci-
miiZe pro rizné pruty v rdmci jednoho modelu liit. S ohledem ty of the cross-section;
na ziskany tvar vyboceni (a tedy pfedpoklddané nejslabsi misto Xy and x; are buckling coefficients at planar buckling;
konstrukce) byl pro dal3i vypodet uvazovan prut na del3f strané Xir is coefficient of tilting;
ramu. kyy, kzy are coefficients of interaction.

Hodnota N, potom vychazi The excavation support is secured against tilting continually

by bracing, it will therefore be necessary for the assessment to
determine only the values of buckling coefficients yy and x:

Ney = Ngg.aor = 42,3.40,7 = 1722 kN .

Prestoze hodnota soudinitele a.,; neni mensi nez 10, bude and values of interaction coefficients kyy and kzy. The characte-
v dal§im vypoctu zohlednéna deformace ramu. Autori zde zvo- ristic values of the compressive, flexural and shear loading
lili pouziti geometricky nelinedrni globdlni analyzy (GNA). capacity of the cross-section (using plasticity) are:

V konkrétné uvadéném Ciselném prikladu byl ovSem stejny typ NpLRk = A . fy = 2642 . 295 = 779.4kN and
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analyzy proveden uZ pfi ,,ruénim* stabilitnim vypo&tu, fakticky
zde tedy klasifikace soustavy nemd Zaddny vyznam (provedena
byla kazdopadné geometricky nelinedrni analyza).

Posouzeni ramu v meznim stavu inosnosti

Bude provedeno posouzeni prutu na delsi stran¢ obdélnika.
V misté nejvétsiho ohybového momentu je zakladni rdm preru-
Sen a vnitini sily prendsi pouze piiloZka s prufezem K21. Podle
normy je pro posouzeni pruti nutno splnit nasledujici podminky:

=l 34 )

— <1, 3)

kde

Neaa My gg jsou ndavrhové hodnoty tlakové sily a nejvét-
$iho momentu k ose y-y, pisobici na prutu;
jsou charakteristické hodnoty Gnosnosti pru-
fezu v tlaku, resp. v ohybu;

jsou soulinitele vzpérnosti pri rovinném
vzpéru;

Xir je soucinitel klopentf;

kyy, kzy jsou soucinitele interakce.

Proti klopeni je vyztuZ prubéZné zajiSténa paZenim, pro po-
souzeni bude tedy tfeba stanovit pouze hodnoty vzpérnostnich
soudinitell x, a x: a hodnoty interakénich soucinitelt kyy
a kzy. Charakteristické hodnoty dnosnosti prufezu v tlaku, ohybu
a smyku (za vyuziti plasticity) jsou

Npire = A . fy = 2642 .295=T779 4 kN a

My pi Rk = Wpiy . fy= 84211 . 295 = 24,84 kNm

Stanovi se soucinitele vzpérnosti x, a ). ProtoZe ve sméru
osy Sachty je vyztuZ pribéZné zajiSténa proti vyboceni, je

x:=1.

Soucinitel vzpérnosti yy pro vyboceni v roviné ramu je
moZné stanovit naptiklad s vyuZitim vysledku stabilitniho
vypoctu. Pomérnou Stihlost 1ze stanovit ze vztahu

- A-f; 2 642-295
Ay = ‘—L = ’— = 0,67.
Nerq 1722000
Soudinitel vzpérnosti y (kfivka ,,c* pro U prufez):
xy=0,74.

Pro zajimavost je mozné vypocitat vzpérnou délku odpovida-
jici Stihlosti stanovené stabilitnim vypoctem.

_ _ E _ 210 000 _
h=id=nlt d=n froom 067 = s62,
Liy = A L = 562. ‘% = 1953 mm,

coZ pro délku prutu 3200 mm odpovida zhruba

Lery =061 L.

Dile se vypoctou soucinitele kyy a kzy. Pro jejich stanovenf se
vyuZzije doporuéend priloha B normy. Nejprve se stanovi podle
tabulky B.3 normy souclinitel ekvivalentntho momentu Ciy
(tab. 2).

ProtoZe momenty v rdmovém rohu a uprostred del$i strany
maji zhruba stejnou absolutni velikost (liSi se znaménkem),
vychazi

Cny=01-08.%5-(-1)=0,1-08-(-1)=09.

Soucinitele kyy a kzy jsou podle doporucené prilohy B.1
normy (tab. 3). ProtoZe je rdm po celé délce kontinudlné pode-
pren, neni nachylny ke zkrouceni, navic lze uvazovat souéini-
tel klopeni hodnotou X;7= 1.

Nprik a Mgy

Xy aXz

TuHel

My pirc= Wpiy . fy= 84211 . 295 = 24 84kNm

The coefficients of buckling y, and y. will be determined.
Because the reinforcement is continually secured against buck-
ling in the direction of the shaft axis,

.=1.

The coefficient of buckling x, for buckling in the frame plane
can be determined, for examplé, with the use of the results of
the stability calculation. The relative slenderness can be deter-
mined from the relationship

== A ’2 642 .295
AJ' _ 2 pg AR . 0'67
Nera 1722 000

The coefficient of buckling y, (curve ,,c* for U-section):

xy=0.74. '

For interest, it is possible to calculate the buckling length
corresponding to the slenderness determined by the stability
calculation

Ay=2.1 = nF A== /———-—“"”“” . 0.67 = 56.2,
fy 295
Loy =2y iy = 562+ |20 _ 1953,

Which, for the beam length of 3200mm, roughly corresponds to

Lery =0.61 L.

Further, coefficients kyy and k; will be calculated. The recom-
mended annexe B of the Standard will be used for the determi-
nation. First the coefficient of the equivalent moment Cpyy will
be determined according to table B.3 of the Standard (Table 2).

Because the size of the points in the frame corner and in the
middle of the longer side is approximately identical (they dif-
fer in the sign), the result is

Cmny=0.1-08.x5-(-1)=0.1-0.8-(-1)=0.9.

Coefficients kyy and k; are according to the recommended
annexe B.1 of the Standard (Table 3). Because the frame is con-
tinually carried throughout its length, it is not prone to twisting;
in addition, it is possible to assume the torsional index value
Xir=10.

- o Ngg
Cmy| 1+ (4, —0,2) ﬁ\,‘m
Vg
kyy = min T | =
NE(I
Cmy 1+ 0,8m
¥M1
09(1+(067 0,2) s )
= min ’ ‘ 0747794 =0.93
B 0,9 (1 +0,8 33 ) .
! " 0,74.779,4

kzy =0.6 kyy =0.6.0.93 =0.56
After inserting into the interaction conditions, the following
results:

Nea Mgg 423 223
Nk YY ¥irMypipke  0.74-7794 + 0983 —5 =
"y YM1 1,0 oA
=0.07+083=090=<1
and
Nﬁ'r} Mf-_‘d 23 423 223 =
Nk 2V xpr-Mypipe ~ 1.0x779.4 +0.56 2484
v M1 1.0 1.0

=0.05+050=055=<1.
The frame conforms to the combination of compression and
bending.
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Tab. 2 Soucinitele C,, ekvivalentniho konstantniho momentu
Table 2 Coefficients Cy, of the equivalent constant moment

pribéh momentu rozsah Cry @ Crnz @ Crir
moment curvature scope Cry and Cnz and Gt
rovhomeérné zatizeni soustfedéné zatizeni
uniform load concentrated load
d=sys<1 0,6 +0,4y <04
O<soas=<1 A<y=<1 0,2+0,8as> 0,4 0,2+0,8as> 0,4
1=as<0 O=sy=1 0,1-08a,=<0,4 -0,8a > 0,4
-1<y<0 0,1(1-y) - 0,8, > 0,4 0,2(-y) - 0,852 0,4
0O< h=<1 dA<sys=<1 0,95 + 0,05, 0,90 + 0,10¢x,
1< oy, <0 O<sys<1 0,95 + 0,05¢, 0,90 + 0,10¢x,
a, - M /M, 1<y<0 0,95 + 0,050, (1+27)) 0,90 + 0,10, (1+27))

Soucinitel ekvivalentniho konstantniho momentu pfi vyboceni s posuvem styéniki se ma uvazovat Gy = 0,9 nebo G, = 0,9.
The coefficient of equivalent constant moment at buckling with displacement of joints is to be considered Cmy = 0.9 or Cnz = 0.9.

Cry, Cmz @ Cri7 S€ maji stanovit v zavislosti na pribéhu momentu mezi pfislusnymi body podepfeni nasledovné:
Cry, Crz and Ciir are to be determined in dependence on the development of the moment between respective carrier points as follows:

soucinitel: osa ohybu: body podepfené ve sméru:
coefficient: bending axis: points carried in the direction:
Cmy y-y VAYA

Crnz zz y-y

CmLT Y-y y-y

Tab. 3 Interakcni soucinitele kij pro pruty, které nejsou ndchylné ke zkrouceni
Table 3 Interaction coefficients kij for the beams which are not prone to twisting

interakéni typ prifezu pfedpoklady navrhovani / design assumptions
soucinitele cross-section type
interaction pruznostni navrh — priifezy tfidy 3 a 4 plasticitni ndvrh — priifezy tfidy 1 a 2
coefficients elastic design — cross-section classes 3and 4 | plastic design — cross-section classes 1 and 2
kyy | prafezy, pravodhlé o (a6 o c (1 [Z 0 2) Ngg
- _ Ved #(2y=02)]——=E
duté prafezy my| T+ EOAY ZyNeic / 7w ] g ! XyNric / Y
| —sections, rectangular N Neg
hollow sections Croy|1+06———E4 s Cry[1408———
) my[ ’ XyNrk /Y B XyNrk 7 7m1
P | prifezy, pravodhlé duté prafezy kzz 0,6 kzz
& | —sections, rectangular hollow sections
K | prafezy, pravouhlé duté prifezy 0,8 kyy 0,6 kyy
2 | —sections, rectangular hollow section
| prifezy C (1+ 272 -06)—Ed__ ]
|-sections i ( T )XzNRk /Y
N
= Neq =C, [1+14—E°‘ ]
Cz|1+064; ———— L ’
) mz( + z ¥N 7 7o ] XzNek / 7wt
2z N
R $Cp|1+06——F2— Cug14+ (12 -02)—Nea
pravouhlé duté prarezy W[ 22 New /},m] mz +{ : )Xank / T
rectangular hollow sections N
<Cpp| 1408 ——Fd
XzNr 7 7

Pro | a H-prlfezy a pro pravouhlé duté prifezy namahané osovym tlakem a rovinnym ohybem My,eq mize byt kzy = 0.
For |- and H-cross sections and for rectangular hollow cross-sections subjected to axial compression and planar bending Mygq, it is possible that kzy = 0.
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Obr. 3 Modelovdni deformace prurezu MKP [3]
Fig. 3 FEM modelling of a cross-section [3]

Cmy[ 1+ (4, —02) Ffﬂ
e
kyy = min B | =
N,
Cmy | 1408 f;ik
¥YM1
42,3
~fos (1 +(067 - 02) = 4)
=il ish =093
0,9 (1 0, —)
+ 085727794

kzy = 0,6 kyy = 0,6 . 0,93 = 0,56
Po dosazeni do interakénich podminek vychazi:

N M 423 v
Ed B = + 093 ——— =

+ k
N Rk YY xirMypirk

0.74-779.4 2484
Y v ¥M1 1,0 Lo. 1.0
=0,07+0,83=090<1
a
N, M 42,3 22,3
ki ——— = +0,56——— =
NRk XLr-Mypirk 1,0x779.4 1.0 x 228
Xz U x
¥YM1 YM1 1,0 1.0

=0,05+0,50=0,55=<1.
Ram na kombinaci tlaku a ohybu vyhovuje.
Unosnost priifezu ve smyku se stanovi podle odstavce 6.2.6
normy
i 295
v, = Ay —=— = 1499, —m——
plLRd vz \fi]’mo @'1’0

Jesté je potreba posoudit kombinaci momentu, osové sily
a smyku:

Vpird = 2553 KN > 2V, =2 .47 kN = 94 kN.

Vyhovuje, jednd se o maly smyk.

Posouzeni spoje

Spojeni jednotlivych dilu dulni ocelové vyztuze je provede-
no tfmenovym spojem. Tento spoj je primdrné navrZen jako
poddajny, tzn. Ze pri dosaZzeni uréité sily dojde k prokluzu
spoje. Unosnost timenového spoje (tzn. odpor vyztuZze proti
prokluzu) je ddna predevS§im utahovacim momentem a me-
chanickymi vlastnostmi spojovaciho materidlu, tzn. tfmene,
spojky a matic. Pro vySe uvedeny tfmenovy spoj je nejnizsi
prumérnd hodnota odporu vyztuZe proti prokluzu 150 kN,
normdlova sila v misté spoje je 42,28 kN, spoj tedy bezpecné
vyhovi.

Vypocet pruhybu

Pretvoreni konstrukce je stanoveno nelinedarnim vypo&tem pro
zatiZenf sniZené souCinitelem zatiZeni yy= 1,5. ZatiZeni po obvo-
du rdmu md tedy charakteristickou hodnotu pg, = 26,7 kN/m,
maximdlni posun pro charakteristickou kombinaci je 12 mm, coz
odpovidd zhruba L/266.

= 2553 kN > Vgg = 47 kN.

REZ 1-1

Obr. 4 Geometrie Sachty
Fig. 4 Shaft geometry

The shear loading capacity shall be determined according to
paragraph 6.2.6 of the Standard

Voipa =4 b = 1499 o
P V310

In addition it is necessary to assess the combination of

moment, axial force and shear:
Vpi,Ra = 255.3kN > 2Vgg =2 ATkN = 94kN.

It is satisfactory, the shear is small.

Joint assessment

The connection of individual elements of the colliery steel
reinforcement is carried out by a joint. This joint is primarily
designed as a yieldable joint, which means that the joint yields
when a certain force is reached. The loading capacity of the
sliding joint (i.e. resistance of the joint to yielding) is given
first of all by the tightening torque moment and mechanical
properties of the joining material, i.e. the yoke, the intercon-
necting piece and nuts. The lowest average value of the rein-
forcement resistance to yielding is 150kN, the normal force at
the point of the joint is 42.28kN; the joint is therefore safely
compliant.

Deflection calculation

The deformation of the structure is determined by
a nonlinear calculation for loading reduced by the load coeffi-
cient yr=1.5. The loading around the frame circumference has
therefore the characteristic value pg, = 26.7kN/m, the maxi-

Obr. 5 Prutovy numericky model
Fig. 5 Numerical beam-based model
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Obr. 6 Prvni tvar stabilitniho vyboceni ramu
Fig. 6 First shape of stability deviation of the frame

Druhy zpasob - piimé fedeni II. Fadem

Zasadnim rozdilem oproti vySe uvedenému zpusobu posou-
zeni je zahrnuti imperfekci pfimo do vypocetniho modelu.
Pokud se zavedou globdlni (naklonéni soustavy) i lokdlni (pro-
hnuti prutt) imperfekce do geometrie konstrukce, posuzuji se
potom uZ pouze prutezy, zatimco v predchozim postupu se pro-
vddélo posouzeni prutd. Postup posouzeni timto zplisobem
obsahuje tyto zdkladn{ kroky:

1. Stabilitni vypocet
Zavedeni celkovych imperfekci
Nelinedrni globdlni analyza (vypocet vnitinich sil)
Posouzeni prufezu rdmu v meznim stavu Gnosnosti
Posouzeni spoje, tzn. odpor vyztuZe proti prokluzu
. Posouzeni v meznim stavu pouZitelnosti

Stabllztm vypocet

Stabilitni vypocet se provede na pocdtecnim tvaru rdmu.
Postup i vysledky jsou tedy stejné jako v predchozim pripadé.

Zavedeni celkovych imperfekci

Norma rozliSuje dva zdkladni typy imperfekci zavddénych do
vypoctu: globdlni a lokdlni. Jejich aplikace je pomérné snadnd
\ pfl’padech tradi¢nich rdmu (nakloném’ soustavy a prohnutl'

......

oma W

obtlzne a navic nejednozna¢né. Norma proto umoznuje pouZit
obecnou alternativu k vySe uvedenému postupu. Je mozné jako
jednu spolecnou globdlni a lokdlni imperfekci uvazovat kritic-
ky tvar vyboceni konstrukce v pruZném stavu reprezentovany
funkci n.,. Absolutni velikost imperfekce je mozné stanovit
Z vyrazu:

T’ e Ncr T? €o NRk T’
init = €T Her == 70 Her 4)
Elncr,max AZ Elncr,max (
kde _
— X_';lz
YMa
ep = a(A—0,2 — 7
( )NRk 1= .22 PoA>02, )
= Ayit,k
A= i je pomérnd Stihlost konstrukce, (6)
cr

a je imperfekce pro prislusnou kfivku vzpérné pevnosti, x je
soucinitel vzpérnosti pro prislu§nou kfivku a prarez,

itk j€ nejmensi ndsobek soustavy osovych sil Ng,; v prutech
pro dosazeni charakteristické inosnosti v nejvice namahaném
prufezu (bez vlivu vzpéru), tedy
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mum displacement for the characteristic combination is
12mm, which corresponds approximately to L/266.
The second procedure - direct solution by the 2nd order

The basic difference against the above-mentioned method of
assessing is the incorporation of imperfections directly into the
calculation model. When global (tilting the system) and local
(deflection of beams) imperfections are introduced into the
structure, only structures are assessed, whilst the assessment of
beams was carried out in the previous procedure. The assess-
ment procedure consists of the following basic steps:

1. Stability calculation

2. Introduction of global imperfections

3. Nonlinear global analysis (calculation of internal forces)

4. Assessment of the frame cross-section in the ultimate

limit state
5. Assessment of the joint, i.e. The resistance of the reinfor-
cement to yielding

6. Assessment in the ultimate state of applicability

Stability calculation

The stability calculation is carried out on the initial shape of
the frame. The procedure and results are therefore identical
with the previous case.

Introduction of global tmperfecttons

The Standard distinguishes two basic types of imperfecti-
ons introduced into the calculation: global and local ones.
Their application is relatively easy in the cases of traditional
frames (the system tilting and deflection of beams); their int-
roduction can be difficult and, in addition, unambiguous for
more complicated structures. The Standard therefore allows
for using a general alternative to the above-mentioned pro-
cedure. It is possible to consider the critical shape of struc-
ture deflection in elastic state represented by function 7., to
be one common global and local imperfection. The absolute
magnitude of imperfection can be determined from the
expression:

T? - Ncr n e €q N.‘?k ??
5 v el | ey e [ SR e D
EI??C?',I?IHI /'{2 EI??C?",HIQ.‘[ ’ (4)
where _
1 = )(.,12
er = a(l—0.2 . _
0 ( )Nﬁl_Xy,mxwz )
o au!t,k . .
A= is relative slenderness of the structure, 6)

aC‘-"

a is imperfection for the respective buckling strength curve,
x 1s the buckling coefficient for the respective curve and cross-
section,

oyt 18 the smallest multiple of the system of axial forces
Npg, in beams for achieving the characteristic loading capacity
in the most stressed cross-section (without the buckling effect),
therefore
" Ngi

witi: == )

N Ed

a.r 1s the lowest multiple of the system of axial forces in
beams for achieving the critical buckling at the elastic calcula-
tion, therefore

Ncr )
Neq

Where N, is the critical force in the critical beam and Ng, is
the design value of the normal force at the same place,

Ao = (8)
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Obr. 7 Nelinedrni kombinace NCI, konstrukce bez imperfekci, N, (vlevo
nahore), My, (vpravo nahore) a V_gq (dole) (Pozn.: Hodnoty normdlovych sil
v obloukovych Cdstech rdmu nejsou vyznaceny)
Fig.7 Nonlinear combination NC1, structure without imperfections, N, (left
top), My, (right top) and Vg4 (bottom) (Note: The values of normal forces in
the curved parts of the frame are not indicated)
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Obr. 8 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfekci,
ohybovy moment My,

Fig. 8 GNIA, nonlinear combination NC2, structure with the overall imper-
Section, bending moment M,

My, is the characteristic flexural loading capacity of the cri-
tical cross-section, usually M,; g or M, gy, Ng;. is the characte-
ristic load bearing strength of the critical cross-section when an
axial force acts, usually N, gy

The multiple in the denominator expresses the bending
moment at the critical cross-section caused by imperfection 7.,
therefore

MEd — E”?c.r,max. (9)

Even this procedure has its limitations. In general, it is not
possible to verify with absolute certainty whether the first natu-
ral shape represents the most unfavourable variant. Of course, it
is possible to examine a larger number of natural shapes, which
surely increases the time demands on the structural analysis.

Safely assumed is the lower value of the normal force on the
longer side of the frame:

Nggz =423 kN.
Further calculated is
Npi 7794 184 and
T r— T e— . an
Qylt,k Npq 423
g 53
§ 3% ¢
[ | 1 | |
& 5
53,93 | ] -390
5,77 | N | 53,74
1 /- i
5,77 | | | 53,74
53,93 | )_ 53,90
[ | "3 [ |
i ¥ 7

Obr. 9 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfekci,
normdlovd sila Ny, (Pozn.: Hodnoty normdlovych sil v obloukovych Cdstech
rdmu nejsou vyznaceny)

Fig. 9 GNIA, nonlinear combination NC2, structure with the overall imper-
Jection, normal force N, (Note: The values of normal forces in the curved
parts of the frame are not indicated)
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a., je nejmensi ndsobek soustavy osovych sil Ng, v prutech
pro dosazZeni kritického vyboceni pfi pruzném vypoctu, tedy

Nr:r
Ngg

kde N, je kritickd sila v rozhodujicim prutu a Ng, je ndvrho-
va hodnota normélové sily v témze miste,

My je charakteristickd inosnost rozhodujiciho prufezu v ohybu,
zpravidla M, g, nebo M, gy, Ngy je charakteristickd Gnosnost roz-
hodujictho priifezu pfi piisobeni osové sily, zpravidla N, g.

Sou¢in ve jmenovateli vyjadfuje ohybovy moment
v rozhodujicim prufezu vyvolany imperfekci 7, tedy

Mgq = E!né;',max- ®

I tento postup vSak md svd omezeni. Nelze obecné s absolutni
jistotou oveérit, Ze prvni vlastni tvar vyboceni reprezentuje nej-
nepriznivéjsi variantu. Je samozfejmé mozné vySetfit vetsi
pocet vlastnich tvar, coZ ov§em vyrazné zvySuje Easové ndro-
ky na staticky vypocet.

Bezpecéné je uvazovana niz$i hodnota normaélové sily na dels{
strané ramu:

UAer =

®)

Ngg=423 kN.
Dale se vypocita
Nrxe 7794

=2k -2 184
Guler = =753 :

_ j 18,4
T = Qyit,k _ = 0,67.

> J G 40,7

Této relativni $tihlosti odpovida pro vzpérnostni kfivku ,,c* hod-
nota xy = 0,74. Imperfekce pro kiivku ,.c a = 049. ProtoZe je
relativni Stihlost Ay, > 0.2, je moZno vy¢islit amplitudu imperfekce

.
T Rk Y
w=all -0 R Tk =

24 840 000
779 400

Nelinedrni globdlni analyza imperfektni konstrukce (GNIA)

Zatizeni bylo totozné jako v predchozim pripadé u NCI1.
Pouzity software (SCIA Engineer 15) umoznuje zadat zatiZen{
na konstrukci, na niZ je aplikovano pocéte¢ni zakfiveni kon-
strukce: zvoli se konkrétni stabilitni tvar a amplituda imperfek-
ce. Ndsledné byl proveden nelinedrni vypocet Modifikovanou
Newton-Raphsonovou metodou, stejné€ jako v predchozim pri-
pad¢. Vysledky vnitinich sil (NC2) jsou na obr. 8-10.

Posouzeni pruiezu v meznim stavu iinosnosti

Posouzeni prufezu na kombinaci momentu a normdlové sily
se provede podle odstavce 6.2.9 normy. Zakladni vztah ma tvar

Mgy < My gas (10)

kde My gy je navrhovy plasticky moment tinosnosti reduko-
vany v dasledku pusobeni osové sily Ng,.

Hodnotu redukovaného momentu dnosnosti lze vycislit
nésledovné

Nea \ 42,1\2
= = by 2 5 e = (el ) P
My za = My a4 (1 (Npma) ) 24,34(1 (7?9_4) ) 24,76 kNm > 22,6 kNm,

=0,49(0,67 — 0,2) 1=74mm.

prifez vyhovuje.
Unosnost prufezu ve smyku se provede obdobné jako
v predchozim piipadé
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Quiek
s 4 40.7

Value yy = 0.74 corresponds to this relative slenderness for
buckling curve “c”. The imperfection for curve “c” a = 0.49.
Because the relative slenderness is )»y > 0.2, it is possible to
enumerate the imperfection amplitude

X_)l?.
w Mg, ~ 75
eo = a(d, — 0.2 L =
0 ( y )NRk 1 —X }12
24 840 000
= 049(067 - OZJW 1=74mm,

Nonlinear global analysis of an imperfect structure (GNIA)

The load was identical with that used in the previous case at
NCI1. The software used (SCIA Engineer 15) allows for intro-
ducing load on a structure to which the initial curvature of the
structure is applied: the concrete stability shape and amplitude
of the imperfection is chosen. Subsequently the nonlinear cal-
culation using the Modified Newton-Raphson Method was car-
ried out, identically with the preceding case. The results of
internal forces (NC2) are in Figures 8-10.

Assessment of the cross-section in the ultimate limit state

The assessment of the cross-section for the combination of
a moment and a normal force is carried out according to paragraph
6.2 of the Standard. The basic relationship has the following form:

Mgq < My gas (10)

where My g, is the design plastic loading capacity moment
reduced as a result of the action of normal force Ng,.

The value of the reduced loading capacity moment can be
enumerated as follows:

Nei Y 0 ot VO N
My.na = My1aa (I - (ﬁ) ) = z4.34(1 - (m) ) = 24.76kNm > 22.6kNm.

The cross-section is satisfactory.

The shear capacity of the cross-section is carried out similar-
ly to the preceding case
Vi g & 140 e

e V310

The cross-section is satisfactory. In addition, it is necessary to
assess the combination of the m loment, axial force and shear:

Voira = 255.3kN > 2V, =2 . 47.3kN = 95kN

It is satisfactory, the shear is small and the flexural loading
capacity does not need to be reduced.

The calculation of deflection using the second procedure will
not be carried out here.

Assessment of the joint

The interconnection of individual components of the colliery
steel reinforcement is carried out by means of a sliding joint. This
joint is primarily designed as a yielding structure, which means
that when a certain force is reached, the joint yields. The load-car-
rying capacity of the sliding joint (i.e. the resistance of the rein-
forcement to yielding) is given first of all by the tightening torque
moment and mechanical properties of the joining material, i.e. the
yoke, interconnecting piece and nuts. For the above-mentioned
sliding joint, the lowest average value of the resistance of rein-
forcement to yielding is 150kN, normal force at the joint place is
42.07kN; the joint will therefore be satisfactory.

Calculation of deflection

The deformation of the structure is determined by a nonlinear
analysis for loading reduced by the loading coefficient y,= 1.5.
The loading around the frame circumference has therefore

= 255.3kN > Vey = 47.3KkN.
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A = Ays. = 1499, —— = 2553 kN > Vgq = 473 kN
pLRd 73, - 510 Ed
Jesté je potreba posoudit kombinaci momentu, osové sily
a smyku:
Viira = 2553 KN > 2VEa =2 473 kN = 95 kN

j2
Vyhovuje, jednd se o maly smyk, ohybovou tnosnost neni

potreba redukovat.

Vypocet pruhybu druhym postupem zde nebude proveden.

Posouzeni spoje

Spojent jednotlivych dili dulni ocelové vyztuZe je provedeno
tfmenovym spojem. Tento spoj je primdrné navrzen jako pod-
dajny, tzn. Ze pri dosaZeni urcité sily dojde k prokluzu spoje.
Unosnost timenového spoje (tzn. odpor vyztuZze proti prokluzu)
je dana predevS§im utahovacim momentem a mechanickymi
vlastnostmi spojovaciho materidlu, tzn. tfmene, spojKy a matic.
odporu vyztuze proti prokluzu 150 kN, normdlovd sila v misté
spoje je 42,07 kN, spoj tedy bezpené vyhovi.

Vypodet pruhybu

Pretvoreni konstrukce je stanoveno nelinedrnim vypocétem pro
zatiZen{ sniZené souCinitelem zatiZeni y;= 1,5. ZatiZeni po obvo-
du ramu ma tedy charakteristickou hodnotu pg, = 26,7 kN/m,
maximdlni posun pro charakteristickou kombinaci je 12 mm, coZ
odpovida zhruba L/266.

ZAVER

Norma CSN EN 1993-1-1, které plati pro névrh ocelovych kon-
strukci pozemnich staveb, umoznuje vyhodné vyuzit nové moznos-
ti ndvrhu pomoci inzenyrskych softwarti. Clanek prezentuje piiklad
posouzeni vyztuzného rdmu Sachty dvéma zpusoby. Prvnim je ana-
lyza pocate¢niho tvaru rdmu s vyuZitim stabilitniho vypoctu pro sta-
noveni celkové Stihlosti s posouzenim rozhodujiciho prutu, druhym
zpusobem je nelinedrni analyza imperfektni konstrukce a ndsledné
posouzeni rozhodujictho prufezu. Autofi zde oproti svému pied-
chozimu ¢lanku [2] vyuzili plastické rezervy prufezu.
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Obr. 10 GNIA, nelinedrni kombinace NC2, konstrukce s celkovou imperfek-
ci, posouvajici sila V,

Fig. 10 GNIA, nonlinear combination NC2, structure with the overall imper-
Section, shear force Vi,

a characteristic value pg; = 26.7kN/m, the maximum displace-
ment for the characteristic combination is 12mm, which appro-
ximately corresponds to L/266.

CONCLUSION

The CSN EN 1993-1-1 standard, which is applicable to the
design of steel structures of building structures, allows for
using new designing options by means of engineering softwa-
re. The paper presents, for example, the assessment of the rein-
forcing frame by two methods. The first one is the analysis of
the frame in the initial shape using a stability calculation for the
determination of the overall slenderness with the assessment of
the critical beam; the other method is the nonlinear analysis of
an imperfect structure and subsequent assessment of the critical
cross-section. The authors used, in contrast with their previous
paper [2], the plastic reserve of the cross-section.
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FOTOREPORTAZ 20 SLAVNOSTNEHO OTVORENIA DIALNICNEHO
USEKU D1 JANOVCE - JABLONOV, Il. USEK S TUNELOM SIBENIK

PICTURE REPORT FROM THE INAUGURATION CEREMONY
AT THE JANOVCE - JABLONOV SECTION OF THE D1 MOTORWAY,
STRETCH NO.2 WITH THE SIBENIK TUNNEL

M S
Obr. 1 Dokoncovacie prdce pred otvorenim dialhicného tiseku
Fig. 1 Finishing work before opening the motorway section to traffic

Obr. 2 Z‘unel Sibenik — pripraveny na uvedenie do uzivania
Fig. 2 Sibenik tunnel — prepared for opening to traffic

Obr. 3 Zdpadny portdl
Fig. 3 Western portal

|
Obr. 4 Vychodny portdl
Fig. 4 Eastern portal

Obr. 5 Sldavnostné prestrihnutie pdsky
Fig. 5 Tape cutting ceremony

Obr. 6 Prejazd prvych vozidiel tunelom po uvedeni do uZivania
Fig. 6 Passage of first vehicles through the tunnel after its opening to traffic
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FOTOREPORTAZ Z KONFERENCIE TUNELY
A PODZEMNE STAVBY 2015 V ZILINE

PICTURE REPORT FROM THE CONFERENCE TUNNELS
AND UNDERGROUND CONSTRUCTION ZILINA 2015

Obr. 1 Otvorenie konferencie
Fig. I Conference opening

Obr. 3 Pocas konferencie odznelo viac ako 40 zaujimavych predndSok
Fig. 3 Over 40 interesting lectures were delivered during the conference

Obr. 5 Spolocenského vecera sa zicastnili aj vSetci (byvali aj siicasny)
predsedovia STA

Fig. 5 The conference gala dinner was attended even by all (former and
current) chairmen of the STA

Obr. 2 Predseda Zilinského samosprdvneho kraja Ing. Juraj Blandr s ocene-
nymi nestormi tunelového stavitelitva

Fig. 2 Ing. Juraj Blandr, the chairman of the Autonomous Region of Zilina,
with the appreciated tunnel engineering nestors

Obr. 4 Pozornost’prithhovala aj posterovd Cast’prezentdcii
Fig. 4 Even the poster part of presentations attracted attention

Obr. 6 Exkurzia na tunel PovaZsky Chlmec
Fig. 6 Excursion to the PovaZsky Chlmec tunnel
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FOTOREPORTAZ ZE SLAVNOSTNI PRORAZKY JIZNf TUNELOVE TROUBY
TUNELU POVAZSKY CHLMEC 28. LEDNA 2016 (Foto ING. MARIK)

PICTURE REFORT FROM CEREMOI!I'IAL’BREAKTHROUGH
OF THE SOUTHERN TUBE OF POVAZSKY CHLMEC TUNNEL
ON 28™ JANUARY 2016 (pHOTO ING. MARIK)

Obr. 1 Slavnostni zahdjeni prordZky ¢lenem predstavenstva spoleénosti
HOCHTIEF CZ a.s. TomdSem Korandou

Fig. 1 Ceremonial commencement of the breakthrough by Mr. Tomds
Koranda, a member of HOCHTIEF CZ a. s. Board of Directors

Obr. 3 ProraZeno — pohled od vychodniho portdlu
Fig. 3 Breakthrough finished — a view from the eastern portal

Obr. 5 Generdlni reditel a predseda predstavenstva NDS Milan Gajdos
v obleZeni novindru

Fig. 5 Mr. Milan Gajdos, General Director and Chairman of the Board of
Directors of NDS, under siege by journalists

Obr. 2 Razi¢skd parta pred prordZkou od stredni jamy
Fig. 2 The mining crew before the breakthrough from the mid-point
construction pit

Obr. 4 Symbolické setkdni na Celbé
Fig. 4 Symbolic meeting at the heading

Obr. 6 Realizacni tym po proraZeni tunelu
Fig. 6 Realisation team after the tunnel breakthrough
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HOBAS®
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e DN 150 - 3600
e SN 2500-1000000
e PN1-32

Protlak pod Zeleznici Cikowice
Polsko z DN 3 000

HOBAS CZ spol. s r.o.
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686 01 Uherske Hradisté
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Tel.: +420 572 520 311

Fax: +420 572 520 319
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e inZenyrska geodézie doprovazejici vystavbu
e tvorba, udrzba a kontrola piesnych vytyovacich siti

" 3D skenovani a jeho vyhodnoceni

e vypocet vytyCovacich prvka (sméroveé a vyskoveé vedeni tras)
ucast na geotechnickém monitoringu a méreni posund

e velmi pfesna méreni deformaci

Jsme drziteli certifikat( podle CSN EN 1SO 9001:2009 a 14001:2005
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Nabizime vice nez 20letou zkusenost v oboru
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

® Prvni razba TBM na rakouské ¢asti BBT zahajena soubézné pracuje 21 razicich stroju (EPBS). Toto svétové prvenstvi
Na tseku Tufles — Pfons na rakouské Casti grandiézni stavby je neoddiskutovatelné.
Brennerského bazového tunelu (BBT) zahdjil raZzbu prvni TBM. Prorazka prvniho dseku probéhla na Cervené trase koncem dubna
Montaz jeho predni Césti probéhla v montdzni komore velikosti 2015.
120x15x15 m, kterd se nachdzi 3,5 km v hore a je dosazitelnd pres ® ProriZka tunelu Steinbiihl
pristupovy tunel Ahrental. Tim byl pozd€ji pfitazen v brennerském Na novém useku némecké vysokorychlostni Zeleznice mezi
tdoli kompletné smontovany zaves stitu. Stuttgartem a Ulmem, ktery prekondvd Svabskou kidovou pahorka-
Rezna hlava o profilu 7,93 m zahdjila razbu patndcti km stfedniho tinu (Schwibische Alb), je osm velkych tunelt — nejdelsi z nich je
(prazkumného) tunelu 26. z4fi 2015. 9468 m dlouhy tunel Filder a nejkrat$i je 3026 km dlouhy tunel
Celkové informace o stavbé BBT byly uverejnény v ¢isle 1/2015 Feuerbach. Jako prvni z téchto osmi tunela byl 6. listopadu 2015
asopisu Tunel. proraZen 4847 m dlouhy tunel Steinbiihl, a to 6 mésicu pred pldno-
® Obé trouby tunelu Bosruck v provozu a dalsi tunelové prace vanym terminem.
na dalnici A9 m Dokonéeni tunelarskych praci na prodlouZeni trasy US5
Na rakouské dalnici A9 jsou od 19. f{jna 2015 v provozu obé trou- v Berliné
by 5,5 km dlouhého tunelu Bosruck. Jeho prvni trouba byla Od Cervna 2013 do ffjna 2015 razil bentonitovy Stit firmy
v obousmerném provozu od roku 1983, druhd trouba byla zprovoz- Herrenknecht o priméru 6,67 m dvé tunelové trouby délky 1620 m.
néna v 1ét€ roku 2013. Pak ndsledovala dukladn4 rekonstrukce prvni Razba probihala v centru Berlina pod historickymi budovami
trouby. Tunel Bosruck je nynf jednim z nejlépe vybavenych délnic- a fekou Sprévou i jejim kandlem ve velmi slozitych geotechnickych

podminkach. Nadlozi kolisalo od 17 do 5 m a hladina podzemni
vody byla 2 az 3 m pod terénem. Podstatnym opatfenim zajiStijicim
bezpecny prubéh razby bylo pouZiti bentonitové suspense o vysoké
hustoté (HDSM=High Density Support Medium; 1,4 t/m3).

nich tuneld v Evropé. Mimo jiné je v ném instalovdn nové vyvinuty
akusticky monitorovaci systém. Specidlni mikrofony zachycuji
neobvyklé zvuky, naptiklad vznikajici pti srdZce nebo prudkém brz-
dénf aut. Dispecefi z fidictho centra mohou také pomoci instalova-
nych amplionu vyddvat pokyny fidi¢am & jingm osobdm nachézeji- = Tunel Gotschka v provozu
&fin o v (g Cesta z Dolniho Dvoriste do Lince je opet rychlejsi a bezpecnéjsi.
I u dal§ich tunelii budou postupn& dobudovény druhé trouby. U &tyf |V ramci rakouské rychlostni komunikace S10 byla v prosinci 2015
krat3ich tuneld smérem k Linci by se tak mé&lo stét koncem roku 2017, Zprovoznenz},c/ast,z, Jejiz soucasti'je & & km dlouhy tunvevl, Gotschk,a.
pak bude nasledovat rekonstrukce starych trub a jednosmamy provoz Je/ho stoupajici vychodni trouba m4 tri pruhy kvuli vyS$§imu podél-
v obou troubédch by mél za¢it koncem roku 2018. LY LT
Osm kilometru dlouhy tunel Gleinalm na Styrském tseku A9 se

m Zelezni¢ni tunel z Tibetu do Nepalu
také dockd druhé trouby a zahdjeni jednosmérného provozu v jeho Cina uvazuje o dlouhém tunelu pod Everestem, ktery by umoZnil
obou troubdch se planuje na rok 2019.

prodlouZit do Nepdlu nedévno vybudovanou Zeleznici z centralni
m Severo-jizni obchvat Stockholmu Ciny do Tibetu. Cilem je postupné budovéni Zelezni¢niho spojeni
Novy severo-jizni obchvat Stockholmu bude 21 km dlouhy,

Ciny s Indii, které by propojilo dvé nejvétsi asijské ekonomiky.
z ¢ehoz 17 km povede v tunelech. Prvni stavba obchvatu byla zaha- Ouig st NN Al it CO NG M g APDLIONE-
jena v fijnu 2015 a zahrnuje predev§im 7,2 km dlouhy tunel

fil pri navstevé Kathmandu ¢insky ministr zahranici.
Johannelund, ktery tvoii dvojice tifpruhovych tuneli véetné vjezdo-

® Tunel Eurasia proraZen
vych a v¥jezdovych ramp a 4 piistupové tunely. Doba vystavy prvn ProraZzka prvniho silni¢niho tunelu pod Bosporem v Istanbulu pro-
ze Sesti staveb obchvatu potrva 6 let.

béhla v srpnu 2015. Bentonitovy §tit firmy Herrenknecht o praméru
® Provozni zkousky Gotthardského bazového tunelu

13,66 m vyrazil v 16 mesicich trasu 3,34 km v nesoudrznych zvod-
Na zdkladé povoleni dfada probihaji od 1. fijna 2015 provozni

nénych sedimentech a v porusené skalni horniné. Navic v nejnizsim
zkousky v Gotthardském bdzovém tunelu. V listopadu a prosinci

bodu razby bylo dno tunelu 106 m pod hladinou. Musela se vyresit

% et e yména feznych ndstroju pod hydrostatickym tlak 7z 11 baru

2015 byla postupné zvySovéna rychlost projizdéjicich souprav. Pro vymena reznych mastrojtt poc hycrostahickym takem az ant
zkousky pfi maximalni rychlosti 275 km/hod. je pronajata

z vnitiku $titu, kde byl atmosféricky tlak. Vyménilo se asi 500 diska
z Némecka specidlni zkuSebni souprava ICE-S. Od konce tnora

a vymeéna jednoho trvala 2 a7 3 hodiny.
2016 by mél probihat zkusebni provoz ndkladnich vlaku.

Nikdy dfive nebyl tunel tak velkého priuméru vyraZen v tak
Asi 5000 zkuSebnich jizd tunelem se uskute¢ni do konce kvétna

extrémnich podminkach. Tunel prochdzi seizmicky aktivni oblasti,
. . roto byly v segmentovém osténi ve dvou mistech zabudovén
2016. Soubézné probihd zaskoleni vlakovych posddek, tdrzbar- . . : v
skych &et a pracovniku fidicich stredisek.

prstence segmentl s poddajnymi (pruznymi) spdrami (spoji).
Vyroba a odzkouSeni téchto segmenta véetné jejich spoju probéhly

m Pokracovani stavby bazového tunelu Semmering povoleno v Japonsku.

Jak jsme jiz dfive informovali, stavba bédzového tunelu Zprovoznéni tunelu se predpokladd ke konci roku 2016, kdy by
Semmering (SBT) byla zdrZena ndmitkami proti kladnému vysled- melo po dvou dvoupruhovych vozovkach umisténych nad sebou
ku EIA, které byly vzneseny v prosinci 2013. Vytky sméfovaly na | denng projet asi 100 tis. automobili. Vliv na automobilovou dopra-
nedostate¢nou kvalifikaci nékterych feSitelu technickych otdzek, vu v Istanbulu bude mimofadny. Prijjezd novym dalni¢nim tsekem
nedostatky feSeni hlukové prevence a udajné¢ nevhodné pouZiti | délky 14,6 km, jehoZ souddsti je tunel Eurasia, zabere 15 min, pfi-
skladky Longsgraben. ¢emzZ dnes jizda mezi koncovymi body nového dseku trvd 100 min.

Nejvyssi rakousky spravni soud ale v kvétnu 2015 rozhodl, Ze m Zvyseni dopravni kapacity tunelu Lotschberg
vydand povoleni pro stavbu jsou platnd a stavba muZe pokracovat. Z délky 34,6 km tunelu Lotschberg umoZiiuje 21 km pouze jed-
Nésledné byly znovu zahdjeny prace na dseku tunelu Gloggnitz, ale nokolejny provoz. Pfitom ze severni strany je v tseku od Frutigenu
prace na dalSich dsecich se pIné rozvinou az v roce 2016. k Mitholzu druhd trouba v hrubé stavbé hotova. Protoze se bliz{
m Na stavbé metra v Dauh4 pracuje 21 tunelovacich stroju vyCerpani soucasné dopravni kapacity tunelu, planuje se v roce 2016

Poustni emirat Katar byl v zafi 2015 zapsdn do Guinnessovy zahdjeni praci na kompletnim dokoncen{ a provoznim vybavent jiz

knihy rekordu, protoZe na stavbé metra v jeho hlavnim mésté¢ Dauhd vyrazeného useku.
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m Variabilni tunelovaci stroj na rozsireni metra

v Kuala Lumpur, Malajsie

Razba tunelovych dseku nové linky metra pod centrem Kuala
Lumpuru bude probihat ve znaéné proménlivych geotechnickych
podminkdch. Velky problém predstavuji zkrasovatélé véapence, ve
kterych hrozi nepredvidatelny tnik (ztrdta) paZici suspenze pred rez-
nou hlavou. Proto Herrenknecht zkonstruoval tunelovaci stroj, ktery
muZe pracovat ve &tyfech moédech: uzavieny EPB; uzavieny EPB
s pridavnym pouZitim bentonitu; bentonitovy Stit s normdalni (niz-
kou) hustotou suspenze a dtto s vysokou hustotou suspenze
(HDSM). Tyto médy preklenuji mezeru mezi zeminovymi a ben-
tonitovymi $tity. Ve vSech &tyfech médech se rubanina z pracovni
komory odtézuje pomoci $nekového dopravniku.
® Prorazka prvniho tunelu na nové trati Janov — Milan

Rynsko-alpsky Zelezni¢ni koridor ma propojit ndmorni pristavy
u Severniho more s pristavem Janov u more Stredozemniho. A prave
pod centrem Janova byl v ervenci 2015 proraZen prvni 600 m dlou-
hy tunel Campasso na budouci vysokorychlostni trati mezi Janovem
a Mildnem. Jeji prvni dsek severnim smérem od Janova bude 57 km
dlouhy, z ¢ehoz 37 km budou tvorit tunely.
B Vyhodnoceni soutéze ITA-AITES 2015

Jak jsme jiz drive informovali, ITA-AITES vyhldsila v deviti kate-
goriich soutéZ projektu, které byly realizovdny od ledna 2013 do
unora 2015. V listopadu 2015 ozndmil v podzemnim vyzkumném
pracovisti Hagerbach prezident ITA, Ze do soutéZe se prihlasilo pres
110 projekta z celého svéta. V kategorii nejvétsich podzemnich
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staveb zvitézil istanbulsky tunel Eurasia. Seznam vitéznych projek-
t je na: https://awards.ita-aites.org/winners.html.
m Mimoradny projekt precerpavaci hydroelektrarny v Chile
V roce 2016 ma byt zahdjena prvni stavba souboru staveb precer-
pavaci vodni elektrarny (PVE) o vykonu 300 MW, ktera bude pro-
pojena s novou 600 MW fotovoltaickou elektrarnou. Lokalita stav-
by je u pacifického pobreZi v severni ¢dsti Chile a md vhodnou mor-
fologii terénu. Za asi 600 m $irokym rovinatym pobfeznim pasem je
strmy ttes vySky pres 700 m, za kterym se nachdzi ndhorn{ planina
poustniho charakteru. V ni byla vytipovdna prirozend deprese, ve
které se planuje vybudovat horni nddrz PVE. Jako spodni nddrz
bude slouzit Tichy ocedn.
m Zajisténi stavajici hladiny podzemni vody pri stavbé metra
v Kodani
V rdmci stavby nové okruznf linky kodanského metra délky 15,5 km
mus{ byt vyhloubeno 21 Sachet hlubokych az 40 m. Jejich prumérny
pudorysny rozmér je asi 65x20 m a slouzi pro vybudovani stanic
metra, pripadné jako startovaci a koncové Sachty pro tunelovaci stroje.
Hloubeni Sachet se neobejde bez Cerpani podzemni vody, coz by
ale zpusobilo sniZeni hladiny podzemni vody v jejich okoli. Tim by
se ohrozilo mnoho historickych staveb v centru mésta, které jsou
zaloZzené na dfevénych pilotdch. K udrZeni puvodni hladiny pod-
zemni vody byl vybudovén systém umélé infiltrace vody Cerpané pri
hloubeni Sachet.
Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

MODERNIZACE TECHNICKEHO VYBAVENI TUNELU TESNOV V ROCE 2015
UPGRADING TECHNOLOGICAL EQUIPMENT OF TESNOV TUNNEL IN 2015

The Tésnov tunnel is located relatively close to the centre of the
capital city of Prague, in close proximity to the VItava River flow.
The construction of this tunnel commenced in 1977. The tunnel
was inaugurated in 1980. The closeness of the Vltava River caused
the tunnel inundation in 2002; TUNEL journal issue No 2/2003
informed about the development of the flood and the subsequent
rehabilitation of the tunnel structure before its reopening to traffic.
At the end of 2015, the Té$nov tunnel technological equipment was
upgraded within the framework of the Transport operational pro-
gramme, which was co-funded from the European Union means.
Because of the fact that the tunnel is located relatively close to the
city centre, one of client’s conditions was that the impact of con-
struction operations on urban traffic was minimised.

Tunel T€S$nov se nachdzi pomérne blizko centra hlavniho mésta
Prahy, v tésné blizkosti toku reky Vltavy, a to na jejim pravém
brehu. Stavba tohoto tunelu byla zahdjena v roce 1977 a soucasné
s ni bylo stavebné rekonstruovano nabrezi Ludvika Svobody. Do
provozu byl tento tunel uveden v roce 1980.

Blizkost feky Vltavy zpusobila zaplaven{ tunelu v roce 2002, ke
kterému doslo kratce po jeho prvni rekonstrukci. O prubéhu zédplav
a ndsledné obnove tunelové stavby pred jejim znovuuvedenim do
provozu referoval ¢asopis Tunel ve svém cisle 2/2003, str. 34 az 36.

Na konci roku 2015 byla v rdmci operacniho programu Doprava,
spolufinancovaného z prostiedki Evropské unie, realizovdna
modernizace technologického zafizeni v TéSnovském tunelu.
Podle zaddn{ Technické spravy komunikaci hlavniho mésta Prahy
ji realizovala spole¢nost ELTODO, a.s.

Prace byly realizovany v pomérné kritké dobé — v fijnu 2015
a celkem zabraly 6 tydnu, presné od 22. 10. do 29. 11. ProtoZe tunel
lezi pomérné blizko méstského centra, tak jednou z podminek
objednatele bylo minimalizovat dopad stavebnich praci na mestsky
provoz. Prace vétSinou probihaly pouze v jedné uzavrené tunelové
troubé a druhou tunelovou troubou byl veden obousmérny provoz.
Celkovd uzdvera tunelu byla provedena pouze dvakrét a v souctu
trvala pouhych 6 dni. Pfi minimélni rozloze plochy pro zafizeni

stavenisté to kladlo vysoké naroky na koordinaci praci, organizaci
odvozu demontovaného vybaveni a zdsobovani stavby.

Nejvice viditelnou ¢asti rekonstrukce z pohledu fidice je instala-
ce vodiciho osvétleni do tunelovych trub. Tento systém usnadnuje
fidi¢im orientaci zejména v no¢nich hodindch a za sniZené viditel-
nosti, protoZe podzimni mlhy od blizkého fi¢niho toku se zde Casto
vyskytuji. V pripadé pozaru vozidla v prostordch tunelové trouby
a zadymeni vnitintho prostoru vodici osvétleni rovnéz usnadni
osobdm tnik ze zasazeného prostoru.

Modernizovén byl rovnéz komunikaéni systém SOS skfini, které
nyni obsahuji stejné uzivatelské panely, jaké jsou pouzity v SOS
skifnich tunelového komplexu Blanka. Nové kamery s vysokym
rozliSenim pripojené i do méstského kamerového systému, elektro-
nicka pozarni signalizace, nové nosné kabelové konstrukce
z nerezového materidlu, nahrazeni zarovkové technologie svétel-
nymi zdroji LED u proménného dopravniho znaeni, montdz
a zapojeni senzort méfeni vzduchu v tunelovych troubdch, systém

Obr. 1 Rozvddéc a antény interaktivniho systému
Fig. 1 Switchboard and aerial of the interactive system




fotolphoto courtesy of D. Skdcel, Eltodo
Obr. 2 Noéni komplexni zkousky pred uvedenim tunelu do provozu

Fig. 2 Nighttime comprehensive tests prior to the tunnel opening to traffic

detekce a vyhodnocovdni ADR ndpisi na vozidlech s ne-
bezpe¢nym ndkladem nemuseji byt béZznému dcastnikovi pro-
vozu na letmy pohled ziejmé. MuZe vSak objevit antény inter-
aktivnich systému (obr. 1), umisténé u tunelovych portdla. Ten-
to poprvé v Ceské republice pouzity systém zprostiedkuje,
pokud se vozidlo s prislusnym technickym vybavenim nachdz{
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v blizkosti TéSnovského tunelu ¢i pfimo v jeho prostorach,
obousmérnou vyménu informaci mezi vozidlem a ridicim systé-
mem tunelové stavby, a to s minimdlni ¢asovou prodlevou.
Aktudlni informace o omezeni provozu ¢i poruse vozidla jsou
vzdjemné vyménovany v redlném Case.

Pod povrchem stavby zustalo spolehlivé ukryto nové vysoko-
kapacitni datové propojeni optickym kabelem propojujici fidic{
systém této stavby s dispeinky Fizeni dopravy a technologie.
A také nové programové vybaveni fidiciho systému, bez které-
ho by nebylo mozné toto nové dodané technické vybaveni plno-
hodnotné vyuzivat.

Pred opétovnym otevienim do provozu byly provedeny kom-
plexni zkousky, které overily spravnou funkci celého systému.
Firma KBK Fire pfi nich vyuzila studeného koure (obr. 2).

Lepsi nez statické fotografie je zhlédnuti kratkych videozdzna-
mu, které nemohou byt umistény v ti§téné verzi Casopisu, ale jsou
pro zdjemce dostupné na oblibeném serveru youtube. Prvni ast
dostupnd po zadini odkazu https://youtu.be/BFmsZGuLbRo
zobrazuje prabéh Sifeni koufe tunelovym tubusem. Druhé kratké
video na odkazu https://youtu.be/tcPEjVWWXsI ukazuje, jak roz-
dilnd rychlost proudéni vzduchu fizend fidicim systémem spoleh-
livé zabraruje neZddoucimu prachodu koufe ze zasaZené do neza-
sazené tunelové trouby pii otevienych propojovacich dvetich.

Ing. JIRI STEFAN, Stefan] @eltodo.cz, ELTODO, a.s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

KONFERENCIA TUNELY A PODZEMNE STAVBY 2015 V ZILINE
CONFERENCE TUNNELS AND UNDERGROUND CONSTRUCTION ZILINA 2015

The conference on Tunnels and Underground Construction Zili-
na 2015, which was prepared by the Slovak Tunnelling Association
in collaboration with the Czech Tunnelling Association, was held
from 11th to 13th November 2015 in Zilina. With the participants
number of 374 it became from this point of view the most successful
event organised by the STA. The interest of students was also high.
The conference was held under the auspices of Mr. Jan Pociatek, the
Minister of Transport, Construction and Regional Development, and
Mr. Juraj Blanar, the chairman of the autonomous region of Zilina,
who personally attended the conference opening meeting, where he
gladly remembered his original profession of a tunnel engineer.
Within the framework of the conference opening, longtime nestors of
Slovakian tunnel engineering and the STA - Ing. Juraj Kelesi,
Ing. Jozef Frankovsky and Ing. Stefan Choma accepted acknowled-
gements of their contribution. Over 40 lectures were delivered during
the two conference days. On Friday the 13th November 2015, techni-
cal excursions visited construction sites of motorway tunnels in the
surroundings of Zilina — the Visfiové tunnel, the Povazsky Chlmec
tunnel and the Ov&iarisko and Zilina tunnels.

V diioch 11. — 13. 11. 2015 sa v Ziline konala konferencia, ktord
pripravovala Slovenska tunelrska asocidcia v spolupraci s Ceskou
tuneldrskou asociaciou Tunely a Podzemné stavby 2015.

Zaujem odbornej verejnosti prekonal o¢akdvania organizatorov
a konferencia sa s poctom tcastnikov 374 stala z tohto pohladu naj-
uspesnejSou akciou organizovanou STA. Vysoky bol tieZ zdujem
Studentov, ktorych sa na konferencii ziucastnilo 79 zo vsetkych rele-
vantnych fakilt v rémci SR a CR.

Konferencia sa konala pod zastitou ministra dopravy, vystavby
a regiondlneho rozvoja pana Jana Pociatka a predsedu Zilinského
samospravneho kraja pana Juraja Blandra, ktory sa osobne zicast-
nil otvorenia konferencie, pricom si rdd spomenul na svoje povod-
né povolanie tunelového inZiniera. V rdmci tvodu odznelo
mnoZstvo podakovani za podporu pri priprave konferencie a najmi

osobné podakovanie dlhoro&nym nestorom slovenského tunelo-
vého stavitelstva a STA — Ing. Jurajovi KeleSimu, Ing. Jozefovi
Frankovskému a Ing. Stefanovi Chomovi.

Pocas prvych dvoch konferen¢nych dni bolo prezentovanych
viac ako 40 predndsok v tematickych okruhoch:

* Navrhovanie a realizdcie podzemnych stavieb

 Sandcia a rekonStrukcia podzemnych stavieb

e Geotechnicky prieskum a monitoring

* Bezpecnost podzemnych stavieb, vratane poZiarnej

bezpecnosti
e Zmluvné vztahy a manazment rizik

V prvy den konferencie sa uskutoc¢nil aj spolocensky vecer, ktory
poskytol priestor na mnoZstvo zaujimavych stretnuti a rozhovorov
o stcasnosti a budicnosti tunelového stavitelstva na Slovensku.
V rdmci neho sa podarilo aj zaujimavé stretnutie vSetkych byvalych
a aj sucasného predsedu STA — Ing. Juraja KeleSiho, Ing. Pavla
Kusého, Ing. Réberta Turanského a Ing. Miloslava Frankovského.

V piatok 13. 11.2015 sa uskutocnili odborné exkurzie na rozosta-
vané dialni¢né tunely v okolf Ziliny — tunel Visiové, tunel Povazsky
Chlmec a tunely Ové&iarsko a Zilina. Kazdy z nich md svoje $pecifi-
kd z pohladu realizdcie a umiestnenia na trase dialhic, ktoré malo
moznost’ vidiet'a porovndvat'takmer 160 tcastnikov exkurzii.

Po skonceni predndskovej Casti konferencie sa konalo Valné
zhromazdenie STA, na ktorom boli prezentované predchddzajice
aktivity a hospoddrenie STA a zaroven bola hodnotena aj prebie-
hajiica konferencia. Clenovia STA vyjadrili spokojnost’s priebehom
konferencie a prezentovali viziu pravidelnejSieho konania podujati,
ktoré prinesie moznost’ Sirokej vymeny ndzorov v ramci odbornej
verejnosti.

Dakujeme pripravnému vyboru, partnerom konferencie ako aj
vSetkym zicastnenym za aktivity pocas pripravy a konania konfe-
rencie.

Ing. VIKTORIA CHOMOVA
predsednicka pripravného vyboru konferencie
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TUNELARSKE ODPOLEDNE 3/2015
TUNNEL AFTERNOON 3/2015

The third Tunnel Afternoon was held on the 4th November
2015, with the topic of the Ejpovice tunnels. The excursion to
the Ejpovice tunnels construction site took place in the mor-
ning; lectures were delivered in the afternoon. Ing. Michal
Gramblic¢ka (SUDOP Praha a.s.) presented his lecture first. He
summarised the history of the Ejpovice tunnels construction
preparation and spoke about design variants and the consulting
engineer’s supervision from consulting engineer’s point of
view. Ing. Jifi Velebil (Metroprojekt Praha a.s.) summed up the
division of construction lots, basic data on the construction and
spoke about the detailed design for the southern tunnel tube
and the solution to the entrance and exit portals. Ing. Milan
Majer (the Railway Infrastructure Administration, state organi-
sation) delivered his lecture on the EPBM excavation from
project owner’s point of view. Ing. Martin Srb (3G Consulting
Engineers, s.r.o.) focused himself on the work of project ow-
ner’s advisor. Ing. Lubor Smid and Ing. Aristoitelis Caravanas
described the course of the EPBM tunnelling from the point of
view of the supervising engineer. Ing. Martin Sta§ (Metrostav
a.s.) presented his knowledge gained from designing, testing
and producing the final lining — steel fibre reinforced concrete
segments. Ing. Stefan Ivor (Metrostav a.s.) acquainted the pre-
sent guests with lots of interesting observations from the pre-
vious course of the tunnelling operations and outlined even the
outlook for the nearest future. In the conclusion, Ing. Tomas
Ebermann, Ph.D. (GEOtest, a.s.) presented information on the
system and results of geotechnical monitoring, which proceeds
continually during the construction.

Dne 4. listopadu 2015 probéhlo treti Tuneldfské odpoledne,
jehoz tématem byly Ejpovické tunely. Z davodu konani exkur-
ze se odpoledni prednasky uskutecnily v plzenském hotelu
Primavera.

Zéajem o exkurzi byl veliky, polovinu z puvodné prihldse-
nych 40 osob bylo nutné bohuzel odmitnout. Na stavbe privi-
tal ulastniky vedouci projektu raZenych tuneld Ing. Stefan
Ivor. Po kratkém tvodu a vybaveni vSech do podzemi se lidé
presunuli pomoci specidlniho vozitka k tunelovacimu stroji
Viktorii. Vzhledem k tomu, Ze pravé neprobihaly razby, ale
vyménovaly se fezné nastroje, mohli dcastnici zahlédnout
i prostor odtézZovaci komory v razici hlavé. Dale vSichni prosli
cely stroj a ti, kdo v rdmci pfedchozich exkurzi navstivili stav-
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bu prodlouzeni metra V.A, mohli porovnat rozdil ve velikosti
stroju.

Prednaskovou &ast zahdjil Ing. Alexandr Butovi¢, Ph.D.,
ktery celé Tunelarské odpoledne pripravoval. Jako prvni vy-
stoupil Ing. Michal Grambli¢ka (SUDOP Praha a.s.). Vénoval
se historii piipravy stavby tuneld Ejpovice a mluvil
o variantdch vystavby a autorském dohledu z pohledu projek-
tanta. Poté Ing. Jifi Velebil (Metroprojekt Praha a.s.) shrnul
rozdéleni stavebnich objektu, zdkladn{ ddaje o stavbé a hovofil
o realiza¢ni dokumentaci pro jizni tunelovou troubu a o feseni
vjezdovych a vyjezdovych portdla. Pfipomnél i zdkladni prin-
cipy pro ukldddni jednotlivych segmenta a poskytl fadu dal-
§ich informaci. Ing. Milan Majer (SZDC, s.0.) pripravil pred-
ndsku o razbé pomoci EPBM z pohledu investora. Velmi zaji-
mavou pasdzi byla historie pfipravy vystavby od roku 2002
s pfipomenutim mnoha zdvaznych a pro stavbu vymezujicich
okamziku predevsim z oblasti legislativy a pristupu trada.

Nad rdmec pozvanky probéhla predndska Ing. Martina Srba
(3G Consulting Engineers, s.r.0.), ktery se soustfedil ve svém
vykladu na C&innost poradce investora. Poslednimi fecniky
prvni &sti byli Ing. Lubor Smid a Ing. Aristotelis Caravanas
se svymi prispévky o prabéhu razeb EPBM z pohledu technic-
kého dozoru stavby. Promluvili napriklad o probihajici kon-
trole tunelt, porizovéni, zpracovdvéni a vyhodnocovani dat pri
pouziti riznych metod sledovdni pribéhu stavby.

Po prestdvce ndsledoval Ing. Martin Sta§ (Metrostav a.s.)
s poznatky z ndvrhu, zkouSeni a vyroby definitivniho osténi —
segmentd z dratkobetonu. Ing. Stefan Ivor (Metrostav a.s.)
sdélil pfitomnym mnoho zajimavych postfeht z dosavadniho
prubéhu raZeb a nastinil i vyhledy do nejbliZsi budoucnosti.
Na zaver vystoupil Ing. Toma§ Ebermann, Ph.D. (GEOtest,
a.s.) s prednaskou o systému a vysledcich geotechnického
monitoringu, ktery probiha nepretrzité béhem vystavby.

Celkem se Tuneldfského odpoledne zicastnilo vice nez 60
osob. Vzhledem k tomu, Ze predndsky byly pordddny mimo
Prahu, 1ze tento pocet povazovat za velmi priznivy. Jednotlivé
prezentace jsou umistény na webovych strankdch CzTA
www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

V poslednich mésicich konéiciho roku 2015 a v prvnich
dnech roku 2016 prochézela Viktorie (konvertibilni tunelova-
ci stroj pro mékké a tvrdé horniny) prostiedim komplikova-
nych geologickych podminek s nizkym nadlozim. Razby
v tomto tseku se podarilo dspesné zvladnout diky peclivé pri-
pravé a v predstihu provedenych opatfenich, mezi které patfi-
ly konstrukce z monolitickych podzemich stén pro bezpeény
vstup stroje do pripravené odtéZovaci komory a bezpecnostni
preklenuti mistni komunikace (ulice Hlavni) mostnim provi-
zoriem.

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

During the last months of the ending year 2015 and the first
months of 2016, Viktorie (a convertible tunnel boring machine for
soft and hard rock) passed through an environment formed by
complicated geological conditions with a low overburden. The
contractor managed to cope with the excavation of the tunnel
successfully thanks to thorough preparation and measures imple-
mented in advance, among them structures from cast-in-situ diap-
hragm walls for the safe entry of the machine into the pre-prepared
extraction chamber and a safety crossing over a local road (Hlavn{
Street) by a temporary bridge.
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V nedéli 10. ledna 2016 byl dosaZen dal§i z mezniku razby Another excavation milestone was reached on Sunday the 10th
— tfeti kilometr zhotoveného tunelu. Zaroven se stroj postupné January 2016 — the third kilometre of the completed tunnel. At the
dostal do pruzkumem ocekdvané oblasti tvrdych spilita. same time the machine gradually got to the area of hard spilite
V prvnim tGnorovém tydnu proto byly zahdjeny pldnované expected by the survey. In the first week of February the planned
prace na prestrojeni tunelovaciho stroje z rezZimu zeminového work on re-fitting the earth-pressure-balance-machine regime to
Stitu do rezimu Stitu skalniho v principu stroje hardrock. the to the hard-rock machine regime was commence.

Do svého konce spéji prace na vyjezdovém portdlu, ktery The work on the exit portal, which has to be prepared for the
musi byt véas pripraven pro prordzku stroje, jeho nédslednou TBM breakthrough, subsequent dismantling and gradual moving
demontdZ a postupné st€éhovani zpét k zahdjeni razeb severn{ back to start driving the northern tunnel tube on time, is coming to
tunelové trouby. Ze stejného divodu se pfipravuji také veske- the end. For the same reason even all structures necessary for
ré nutné konstrukce pro prijeti stroje na portdlu vjezdovém. accepting the machine at the entrance portal are being prepared.

Z vyhloubené stfedové Sachty, kterd bude v budoucnu slou- Part of the cross cut sequential number six between the tunnel
Zit pro fizeni technologie tuneldl, byla jiZ také vyraZena €dst | tubes has been completed from the excavated mid-point shaft,
mezitunelové propojky poradového &isla Sest. which will be used for controlling the equipment of the tunnels in

the future.

DALNICE D8 - 0805 LOVOSICE — REHLOVICE

Ziskanim stavebniho povoleni posledniho dseku &ésti trasy, D8 MOTORWAY — CONSTRUCTION LOT 805:
které umoZnuje vybudovat zatim nerealizovany most v trase LOVOSICE — REHLOVICE
spojujici pravé portily obou tunelu Prackovice a Radejéin, se
zalind zpresnovat i termin uvedeni do provozu celého zbytko-
vého useku ddlnice, ktery v tuto chvili osciluje nékde kolem
konce roku 2016 a zacatku roku 2017.

Z dokoncovanych stavebnich praci probihd zabezpeceni
a sanace zarubni zdi, kdy je proveden horni kotevni trdm vcet-
né horninovych kotev, které jsou napnuty na silu 250 kN,
a provadi se prdce na pilotové sténé ze samostatné stojicich
pilot o praméru 1180 mm.

Dale probihaji intenzivni prace na technologickém vybaveni
obou tunelt, a to konkrétné na provoznich souborech prajezd-
niho osvétleni v tunelu, servisni telefonni siti, uzavieném tele-
viznim okruhu, elektrické pozarni signalizaci, elektronické
zabezpecovaci signalizaci, SOS skiinich v tunelu, informac-
nim rozhlasu a dopravnim znaceni v tunelu.

By obtaining the construction permit for the last section of the
route, which allows for constructing the till now not realised brid-
ge on the route connecting the portals of both tunnels (Prackovice
and Radejc¢in), the deadline for opening the entire remaining
motorway section to traffic, which is at the moment oscillating
somewhere between the end of 2016 and beginning of 2017, star-
ted to be refined.

Of the construction work under completion, the support and
rehabilitation of revetment walls, where the upper anchorage beam
including ground anchors tensioned to 250kN have been finished
and the work on the contiguous pile retaining wall (pile diameters
of 1180mm) is underway.

In addition, intense work proceeds on the equipment of both tun-
nels, concretely on operating units of the interior tunnel lighting,
the service telephone network, the closed circuit TV, the fire alarm
Ing. BORIS SEBESTA, sebesta@metrostav.cz, gnd detection system, Fhe electrical security signalling,_SOS p0x§s
in the tunnel, the public address system and the road signalling in
the tunnel.

Metrostav a.s.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU =
JIHOZAPADNI MESTO - SMICHOV Ing. BORIS SEBESTA, sebesta@metrostav.cz,

Metrostav a.s.
Dne 12. 11. 2015 dokoncila spole¢nost Subterra a.s. razbu

prﬁzkumné §t01y A\ pfedpoklédané délce 850 m s jednot}’f- EXPLORATORY GALLERY FOR THE RADLICE RADIAL

dennim predstihem oproti harmonogramu. Nésledn€ po dokon- | poppy FROM THE SOUTH-WESTERN SATELITE TOWN
Ceni razeb byly z pruzkumné Stoly zahdjeny dalsi pruzkumné

prace, které zajiStuje PUDIS a.s. Jednd se o pruzkumné vrty AND SMiCHOV
délky 50 a7 75 m, a to jednak do predpoli pruzkumné Stoly On 12/11/2015, Subterra a.s. finished the excavation of the
v severni tunelové troubé a predeviim pak do oblasti druhé — exploratory gallery at the expected length of 850m, one week befo-
jizni tunelové trouby. Kromé geologického popisu vrtného re the scheduled deadline. The survey operations carried out by
jadra s ndslednymi laboratornimi zkous$kami mechaniky hor- PUDIS a.s. commenced subsequently. They comprise 50 to 75m
nin jsou zde ve vrtech provddény i terénni presiometrické long survey boreholes into the excavation gallery advance core in
zkousSky a také soubor geofyzikdlnich méreni (seismika, geo- the northern tunnel tube and, first and foremost, boreholes into the
radar, seismické prosvécovani mezi vrty). Soubézné s tim jsou area of the southern tunnel tube. Apart from the geological desc-
provadény ve vybranych mistech pruzkumné §toly rozpérné ription of bored cores with subsequent rock mechanics laboratory
statické zatéZovaci zkousky deskou a ze samotné pruzkumné tests, even field pressuremeter tests and a complex of geophysical
Stoly je téz provadén soubor geofyzikédlnich méreni pro ovére- measurements (seismic, ground penetrating radar and seismic
ni pfitomnosti krasovych dutin v oblasti severni tunelové trou- tomography between boreholes) are conducted in the boreholes.
by. Ukondenf téchto prizkumnych praci je pldanovdno na konec Transverse plate loading tests are conducted in selected locations
ledna 2016. of the exploratory gallery concurrently and a complex of geophy-
V zdvéru roku 2015 byl schvélen Radou hl. mésta Prahy sical measurements designed to verify the presence of karst caviti-
zdmér pro prodlouZeni priizkumné $toly (odboceni do JTT) | es is carried out in the area of the northern tunnel tube. The com-
v délce 180 m. Prace na tomto prodlouZeni by mohly byt zaha- pletion of these survey operations is planned for the end of January
jeny koncem brezna, pokud se podari do té doby zajistit ves- 2016.
keré potiebné podklady. The intention for the exploratory gallery extension (branching to
the STT) at the length of 180m was approved by the Prague City
REKONSTRUKCE TUNELU TEPLICE NAD METUJI Council at the end of the year 2015. The work on this extension
Puvodni Teplicky tunel, ktery lez{ na Zelezni¢ni trati Trutnov could commence at the end of March, if all necessary documents

— Teplice nad Metuji v CHKO Broumovsko, byl dokoncen are successfully gathered till that time.
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podle archivnich materidla v roce 1908 a byl proveden jako
jednokolejny Zelezni¢ni tunel délky 230 m. Osténi{ bylo reali-
zovédno jako sklddané z piskovcovych bloku, stejné tak byly
provedeny i portdlové stény. Vzhledem k absenci izolace
a k mistnim geologickym podminkdm dochdzelo v prubéhu
uzivéani k prusakum vody do tunelu, coZ uZivateli zpusobova-
lo komplikace zejména v zimnich mésicich tvorbou ledovych
rampouchi. Z tohoto diivodu organizace SZDC s.0. rozhodla
o provedeni komplexni rekonstrukce celého dila. Tato spociva
ve zvétSeni tunelového profilu v celé jeho délce, a to jak na
vysku, tak i na $itku. Z puvodnich konstrukci tunelu tedy
nezustalo nic zachovédno. Razba probihala metodou NRTM
v celém profilu, provizorni osténi je provedeno ze stiikaného
betonu s KARI sitémi a rdmy BTX. Definitivni konstrukci
tunelu tvori deStnikovd hydroizolace s bo¢nimi drendZemi
a Zelezobetonové osténi.

Spole¢nost Subterra a.s. prevzala staveni$té od objednatele
dne 10. 9. 2015. Razby probihaly presné dva meésice, a to
v prubéhu fijna a listopadu. Jiz v poloviné listopadu byly
z jizniho portdlu zahdjeny prdce na konstrukcich definitivniho
osténi, 3. 12. 2015 byl vybetonovan prvni blok klenby tunelu
a 26. 1. 2016 blok posledni. Je predpoklad, Ze do konce tinora
budou provedeny ostatni zbyvajici prace na definitivnim osté-
ni. Ndsledovat budou dokoncovaci prace, kanalizace, vybave-
ni, pripojka elektro, osvétleni apod. V prubéhu biezna provede
divize 3 spolec¢nosti Subterra a.s. pokladku Zelezni¢niho spod-
ku a svrsku. Termin ukonceni vyluky na této Casti trati je sta-
noven na 31. 3.2016.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

V uplynulych tyZdnoch prebiehali funkéné skidsky tunela
Sibenik vratane prifahlého tseku dialnice D1 Jénovce —
Jablonov, ktoré vyvrcholili 30. 11. 2015 sldvnostnym otvore-
nim celého dialnicného useku a ndslednym odovzdanim do
uzivania motoristickej verejnosti. Takto vznikol uceleny tsek
dialnice D1 v dizke 140 km od Ivachnovej po PreSov, ktory
vyrazne urychlil prepojenie miest Bratislava — KoSice a najmi
zvysil bezpecnost cestnej premdavky na uvedenom dopravnom
tahu.

TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialnice D3 Svréinovec — Skalité stcastou
stavby su aj tunely Polana (890 m) a Svr¢inovec (445 m), ktoré
sa realizuju ako jednorirové s obojsmernou prevddzkou
a samostatnou tnikovou §tdlnou.

Zaciatok raziacich prac na zdpadnom portdli bol 31. 7. 2014
a slavnostnd prerazka sa konala dna 7.9.2015. Z geologického
hladiska sa dany tunel razil v ilovcoch a pieskovcoch
s nadlozim od 8 do 64 m s pevnostou hornin 0,2-3,9 MPa.

V sucasnosti prebieha betondz sekundarneho ostenia tunela.
Ku dniu 28. 1 2016 bolo zrealizovanych 67 zo 75 blokov spod-
nej klenby, o predstavuje 89 % a 36 zo 71 blokov hornej klen-
by, ¢o predstavuje 51 %.

Tunel Svréinovec je jednorirovy tunel situovany na zaciat-
ku dialni¢cného udseku D3 Svrc¢inovec — Skalité a priamo
nadvidzuje na krizovatkou Svr¢inovec. Raziace prace zacali
30. 10. 2014 na zdpadnom portdli. Tunel bol sldvnostne prera-
zeny 23.6.2015. Geoldgia na tomto tuneli bola v zloZenf ilov-
ce, silty a pieskovce s nadlozim od 7 m do 23 m s pevnostou
13 az 100 MPa.

TuHel

TEPLICE NAD METUJI TUNNEL RECONSTRUCTION

The original Teplice tunnel lying on the Trutnov — Teplice nad
Metuji railway track in the Broumovsko Nature Reserve, was
according to archive documents finished in 1908 and was realised
as a 230m long single-track railway tunnel structure. The lining
was carried out as a segmental structure from sandstone blocks; the
portal walls were built in the same way. With respect to the absen-
ce of waterproofing and the local geological conditions, water see-
page to the tunnel occurred during the course of the tunnel usage,
which caused complications for the tunnel user, mainly in the form
of icicles developing during winter months. For that reason,
Railway Infrastructure Administration, state organisation, decided
that a comprehensive reconstruction of the entire working would
be carried out. The reconstruction lies in enlarging the tunnel pro-
file throughout its length, both in terms of the height and the width.
It means that nothing of the original tunnel structures has remained
preserved. The excavation of the whole cross-section was carried
out using the NATM; the tunnel lining consists of shotcrete, KARI
mesh and BTX support arches. The final tunnel structure is formed
by an umbrella-type waterproofing system with side drains and a
reinforced concrete lining.

Subterra a.s. took the construction site over from the client on
10/09/2015. The excavation operations proceeded exactly two
months, in October and November. The work on the final lining
structures started from the southern portal already in the half of
November; the first and the last concrete blocks of the tunnel vault
were cast on 03/12/2015 and 26/01/2016, respectively. There is an
assumption that the other remaining work on the final lining would
be completed by the end of February. Finishing work, sewerage,
equipment, electrical connection, lighting etc. will follow. During
March, Division 3 of Subterra a.s. will lay the track bed and track-
work. The deadline for the end of closing this part of the track to
traffic is 31/03/2016.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

Functional testing of the Sibenik tunnel including the adjacent
Janovce-Jablonov section of the D1 motorway was conducted
during the past weeks. They culminated on 30/11/2015 by the cere-
monial opening of the entire motorway section to traffic and sub-
sequent handing it over to be used by the motoring public. It gave
rise to the origination of a self-contained 140km long section of the
D1 motorway from Ivachnova to PreSov, which significantly acce-
lerated the travel between Bratislava and KoSice and, first of all,
improved the safety of road traffic on the particular transport route.

POLANA AND SVRCINOVEC TUNNELS

Regarding the Svré¢inovec— Skalité section of the D3 motorway,
the Polana (890m) and Svréinovec (445m) tunnels are also its
parts. They are being realised as single-tube structures with bidi-
rectional traffic and separate escape galleries.

The tunnelling operations at the western portal of the Polana tun-
nel commenced on 31/07/2014 and the breakthrough ceremony
took place on 07/09/2015. From the geological point of view, the
tunnel was driven through claystone and sandstone, with the over-
burden height ranging from 8m to 64m and the ground strength of
0.2-3.9MPa.

At the moment, the work on the secondary tunnel lining is under-
way. As of 28/01/2016, 67 of the 75 blocks of the invert have been
finished (89%) and 36 of the total of 71 blocks of the upper vault
(51%) have been completed.
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Na tuneli Svr¢inovec bola ukoncend betonaz sekunddrneho The Svrcinovec tunnel is located at the beginning of the
ostenia. V stucasnosti prebieha inStaldcia obrubnikov, Strbino- Svréinovec — Skalité section of the D3 motorway. It is directly con-
vych Zlabov a kablovodov. nected to the Svréinovec intersection. The tunnel excavation at the

Vystavbu tseku zabezpeCuje zdruZenie Styroch spolocnosti: western portal started on 30/10/2014. The breakthrough celebrati-

Vihostav — SK, a. s., Doprastav, a. s., Strabag, a. s., a Met- on was held on 23/06/2015. The geology the tunnel was driven
rostav SK. a. s. through comprised claystone, silt and sandstone with the strength
- ranging from 13 to 100MPa. The overburden was 7 — 23m high.
TUNELY OVCIARSKO A ZILINA The casting of the concrete secondary lining of the Svréinovec

Na tseku D1 HriCovské Podhradie — Lietavskd Lucka tunnel has been finished. Currently, kerbs, slotted drains and cab-
s dlzkou 13,2 km sa nachddzaju dva dialni¢né dvojrirové tune- leways are being installed.
ly: Ov¢iarsko a Zilina,

Tunel Ov¢iarsko s dlzkou 2367 m sa zacal razit' 12. 9. 2014.
Ku dnu 28. 1. 2016 bolo vyrazenych na severnej tunelovej rire
zo zdpadného portdlu 154098 m a z vychodného portdlu
457 m, spolu to je 1998.44 m, ¢o predstavuje 87 % z razenej

The contractor for this section is a consortium of four compani-
es: Vahostav — SK, a. s., Doprastav, a. s., Strabag, a. s., and
Metrostav SK, a. s.

asti STR diiky 2300 m. OVCIARSKO AND ZILINA TUNNELS

K tomuto ddtumu je na juZnej tunelovej rire vyrazenych zo As far as the 13.2km long HriCovské Podhradie — Lietavskd
zapadného portdlu 1437,97 m a z vychodného portdlu 77,51 m, Lucka section of the D1 motorway is concerned, there are two
spolu to je 1515,48 m, o predstavuje 65 % z razenej Casti JTR | twin-tube motorway tunnels on it: Ov&iarsko and Zilina.
dlzky 2320 m. V sicasnosti sa taktieZ vykondvaji pripravné The excavation of the 2367m long Ov¢iarsko tunnel started on

prace pre realizdciu sekunddrneho ostenia. Pri zacati raziacich 12/09/2014. As of 28/01/2016, the excavation of the 1540.98m
llzrac oc}hvychoc}nehovpor.talu f‘OdSl? k St?b_lhtgenﬁu nfl;usefmu long section of the northern tunnel tube has been completed from
Qtevne (2 SIS, €0 N ii © saflacm o vgute s the western portal, whilst the excavation of the 457m long section

mia a v dosledku toho vznikol aj ¢asovy posun zaciatku razia- hor . . .
has been finished from the eastern portal; in total, it makes up

cich prac. L . )
Z geologického hladiska sa tunel razi v flovcoch a pies- 1998.44m,.1t means 87% of the. 2300‘m long mined part of the NTT.
As of this date, the excavation of 1437.97m and 77.51m long

kovcoch s nadlozim od 0,5 m po 154,5 m s pevnostou hornin

25-65 MPa. sections of the southern tunnel tube from the western and eastern
Na kratSom z tunelov Zilina diiky 687 m sa zalalo portals, respectively, have been finished, i.e. together 1515.48m,
s raziacimi pracami 5. 11. 2014 na zdpadnom portili. which represents 65% of the 2320m long mined part of the STT.
K ddtumu 28. 1. 2016 bolo vyrazenych na severnej tunelovej Currently, the preparatory operations for the realisation of the
rire zo zdpadného portdlu 125,22 m, Co predstavuje 19 % secondary lining are also underway. When the tunnelling work
z razenej Casti STR dlzky 685,5 m a momentélne sa pripravuji commenced from the eastern portal, the stability of the anchoring
prdce na razenie z vychodného portdlu. Plinovany zaciatok system got disturbed. It required the rehabilitation of the area in
raziacich prac je 2. 2. 2016. concern. As a result, the commencement of the tunnelling operati-
Z geologického hladiska je tunel razeny v ilovcoch, on was delayed.

s lokdlnym vyskytom pieskovcov a v portalovych Castiach
s vyskytom Strkovych teras. NadloZie sa pohybuje od 14,1 m
do 38,9 m a pevnostou 0,5-25 MPa.

Stavbu realizuje zdruZenie Doprastav, a. s., Vahostav — SK,
a.s., Strabag, a. s. a Metrostav SK, a. s.

From the geological point of view, the tunnel is driven through
claystone and sandstone with the overburden height ranging from
0.5 to 154.5m and the rock strength from 25-65MPa.

Regarding the shorter of the Zilina tunnels (687m long), the
excavation started on 05/11/2014 at the western portal. As of
TUNEL CEBRAT 28/01/2916, 125.22m of the northern tur}nel tube excavation has
been finished from the western portal, which represents 19% of the
685.5m long mined part of the NTT. At the moment the preparati-
on for the tunnel excavation from the eastern portal is underway.
The commencement of driving the tunnel is planned for

Sidcastou dialniéného dseku D1 Hubovd — Ivachnovd je
dvojrirovy tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované neobvyklé
roblémy so stabilitou tdzemia na zdpadnom portdli tunela

Cebrat’a nadvizujicom udseku dialnice, ktoré si pravdepodob- 02/02/2016.
ne vyziadaji rozsiahle zmeny v technickom rieSeni. Z tohto From the geological point of view, the tunnel is being driven
dovodu sii v sticasnosti prace na tomto tuneli pozastavené. through claystone with local occurrence of sandstone and, in por-
Razenie sa realizovalo len z vychodného portdlu a v si¢asnosti tal sections, with the occurrence of gravel terraces. The overburden
je vyrazenych cca 8 % diiky tunela. Z geologického hladiska height varies between 14.1m and 38.9m and the rock strength vari-
sa tunel nachddza vo vdpencoch a slienovcoch s nadlozim od es between 0.5 and 25MPa.
0-393 m s pevnostou 5-63 MPa. 5 A consortium consisting of Doprastav, a. s., Vahostav — SK, a. s.,

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, a. s., Strabag, a. s. and Metrostav SK, a. s. is the contractor.
a Vahostav — SK, a. s.

CEBRAT TUNNEL

TUNEL VISNOVE

Razenie tunela Visnové (7500 m), ktory je sti¢astou dseku D1
Lietavska Licka — Visnové — Dubna Skala zacalo v aprili 2015.

V sicasnosti prebieha razenie od oboch portdlov. Od zdpad-
ného portdlu je vyrazenych 572 m severnej tunelovej rdry
a 346 m juZnej tunelovej riry. Od vychodného portélu je vyra-
zenych 455 m severnej tunelovej riry a 251 m juznej tunelo-
vej rary. Celkovo je teda na konci janudra 2016 vyrazenych

The twin-tube Cebrat tunnel (1994m) is part of the Hubova —
Ivachnov4 section of the D1 motorway.

Unusual problems with the stability of the area at the western
portal of the Cebrat tunnel and the adjacent motorway section were
diagnosed during the past months. They will probably require
extensive changes in the technical solution. For that reason the
work on this tunnel is currently suspended. The tunnel was driven

1624 m, o predstavuje takmer 11 % z celkovej dlzky razenych only from the eastern portal; the excavation of ca 8% of the tunnel
tunelovych rir. Okrem razenia tunelovych rir sa od oboch por- length has been finished. From the geological point of view, the
tdlov razia aj priportdlové useky odvodnovacej §tolne, ktord po tunnel is found in limestone and marlstone, the height of the over-

dokoncenfi bude slizit'ako hlavny zbera¢ horninovej vody. burden ranges from 0-393m and rock strength from 5-63MPa.
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Razi¢skou metdédou je plnoprofilové razenie podla pristupu
ADECO - RS, ktory je na Slovensku pouzity prvykrat. Od za-
padného portdlu prebieha razenie vo vdpencoch a dolomitoch,
kym od vychodného portalu v granodioritoch, ktoré tvoria pri-
blizne 70 % geologickej skladby masivu.

Zhotovitelom dialni¢ného tseku je zdruZenie firiem Salini
Impregilo S.p.A a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a. s.

TUNEL POVAZSKY CHLMEC

Tunel je sou&asti dalnice D3 v dseku Zilina (Strazov) — Zili-
na (Brodno). Razen je pomoci NRTM. Razba tunelu byla
zahdjena ze stfedni jamy v tnoru 2015, od zdpadniho portdlu
pak v breznu 2015. Jizni tunelova trouba v délce razené asti
2120,5 m byla slavnostné prorazena 28. 1. 2016 (obr. 1). Tim
doslo k dplnému propojeni zdpadniho a vychodniho portdlu.
Do poloviny tnora 2016 byla jizni tunelova trouba vyraZena
v celé délce v plném profilu. Standardné se deformace vyru-
bu pohybovaly do 10 mm, vyjime¢né byla namérena defor-
mace 45 mm. V severni tunelové troub¢ se Celba kaloty k 4. 2.
2016 nachazela ve stani¢eni TM 1870 a do prordzky zbyvalo
vyrazit 367 m. Usek mezi zdpadnim portdlem a stiedni jamou
byl jiz v plném profilu vyraZen. V obou troubach probiha pro-
filace primédrniho osténi a priprava podkladu pro instalaci
hydroizola¢ni félie. Od zdpadniho portdlu se rozbehl stavebni
proud definitivniho osténi. Jednd se o betondz patek, instalaci
hydroizolaéniho souvrstvi, montdZ samonosné vyztuZe
a betondZ definitivniho osténi po blocich délky 12,5 m. Pro
zamezeni tepelného Soku po odbednéni jsou v obou tunelo-
vych troubdch za bednicim vozem nasazeny klima vozy
v délce dvou bloku betondze, které omezuji riziko vzniku trh-
lin zejména v nevyztuZenych tdsecich osténi a chrani kon-
strukci pfed nadmérnym vysychianim. Usek nevyztuZeného
osténi zaéind v jizni tunelové troubé blokem &. 11, v severni
tunelové troubé blokem ¢&. 13. Zhotovitelem tunelu je
HOCHTIEF CZ a.s.

Ing. LIBOR MARIK,
libor.marik@hochtief.cz

fotolphoto courtesy of Ing. Libor Marik
Obr. 1 Tunel Povazsky Chlmec, slavnostni prordzka jizni tunelové trouby
28. ledna 2016

Fig. 1 PovaZsky Chlmec tunnel, southern tube breakthrough celebration on
28/01/2016

TufHel

The construction contractor is a consortium consisting of OHL
7S, a. s., and Vahostav — SK,, a. s.

VISNOVE TUNNEL

The excavation of the Visnové tunnel (7500m), which is part of
the Lietavskd Licka — Visnové — Dubnd Skala section of the D1
motorway, commenced in April 2015.

Currently the excavation proceeds from both portals. From the
western portal, the excavation of 572m and 346m long sections is
finished in the northern and southern tunnel tubes, respectively.
From the eastern portal, the excavation of 455m and 251m long
sections, respectively, are finished in the northern and eastern tun-
nel tubes. In total, 1624m of tunnel excavation has therefore been
finished as of the end of January. It represents nearly 11% of the
total length of the mined tunnels. Apart from the tunnel tubes, the
portal sections of the drainage gallery are being driven from both
portals. After its completion, the gallery will serve as the main col-
lector of groundwater.

The full-face driving technique according to the ADECO-RS
approach will be used, for the first time in Slovakia. From the wes-
tern portal, the excavation runs through limestone and dolomite,
whilst from the eastern portal, it runs through granodiorite, which
forms approximately 70% of the geological structure of the massif.

The contractor for this motorway section is a consortium consis-
ting of Salini Impregilo S.p.A and Dtha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a. s.

POVAZSKY CHLMEC TUNNEL

The tunnel is part of the Zilina (StraZov) — Zilina (Brodno) section
of the D3 motorway section. It is driven using the NATM. The tun-
nel excavation started from the mid-point construction pit in
February 2015, whilst from the western portal it started in March
2015. The breakthrough celebration at the southern tunnel tube,
with the mined part 2120.5m long, was held on 28/01/2016 (see
Fig. 1). It meant completion of the interconnection of the western
portal with the eastern portal. The complete excavation of the sout-
hern tunnel tube full cross-section was finished by the half of 2016.
The deformations ranged up to 10mm as a standard; deformation
of 45Smm was measured only exceptionally. In the northern tunnel
tube, the top heading face was located at tunnel chainage m 1870
on 04/02/2016 and 367m of excavation remained to be completed
to reach the breakthrough. The excavation of the section between
the western portal and the mid-point construction pit has already
been completed full-face. Profiling of the primary lining and the
preparation of the substrate for the installation of the waterproofing
membrane is underway in both tunnel tubes. The streamlined con-
struction process of installing the final lining started from the wes-
tern portal. [t comprises casting of concrete footings, installation of
waterproofing layers, assembly of self-supporting concrete rein-
forcement and casting of the final concrete lining in 12.5m long
blocks. Air-conditioning cars at the length of two concrete casting
blocks are installed in both tunnel tubes behind the travelling form-
work units to prevent a thermal shock after stripping the formwork.
They reduce the risk of the development of cracks, first of all in the
unreinforced concrete lining sections, and protect the structure
against excessive drying. The unreinforced concrete lining starts
behind blocks No. 11 and No. 13 in the southern and northern tun-
nel tubes, respectively. The tunnel construction contractor is
HOCHTIEF CZ as.

Ing. LIBOR MARIK, libor.marik@hochtief.cz
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VYROCI 7/ ANNIVERSARIES

ZIVOTNI JUBILEUM ING. JIRIHO RUZICKY
ING. JIRI RUZICKA ANNIVERSARY

Ing. Jifi RuZi¢ka se narodil
20. 3. 1946. V roce 1960 zacal
studovat Stfedni pramyslovou
Skolu stavebni ve Zborovské
ulici v Praze na Smichové. Po
maturité v roce 1964 pokracoval
ve studiu na Stavebni fakulté
CVUT, obor konstrukce a do-
pravni stavby. Jeho studentskym
snem bylo projektovat velké
inZenyrské stavby a to v té dobé
pro néj byly predev§im mosty.
Proto také tématem jeho diplomové préice byl Zelezobetono-
vy predpjaty délni¢ni most pres Berounku a Litavku
v Beroun¢ na pripravované stavbé ddlnice D5.

Po dspesném dokonceni vysokosSkolského studia nastoupil
v kvétnu roku 1970 jako projektant do Vojenského projekto-
vého ustavu v Praze. Velmi brzy se jeho predstavy o velkych
inzenyrskych stavbach zaCaly ubirat zcela jingym smérem.
Zapojil se do projektové pripravy trasy I.A prazského metra.
Byla to prvni vyluéné raZend trasa prazského metra.
Ing. Ruzicka se brzy stal odpovédnym projektantem tratové-
ho dseku mezi stanicemi Malostranskd a Hradcanska.
Zaroven spolupracoval na realizaci razené trojlodni stanice
Hrad¢anskd. Spole¢né se stanici Namésti Miru to byly prvni
dvé trojlodni stanice prazského metra s Zelezobetonovym
osténim v prostupové Cdsti ndstupiste.

V prosinci roku 1974 nastoupil do projektové organizace
DP METROPROJEKT. Prvnim tkolem byly projekty raze-
nych konstrukcf stanice Zelivského na pokradovani trasy I1.A
na Vinohrady. Nasledovala projektova prfiprava dalSi trasy
prazského metra, prvniho provozniho useku trasy B. Stal se
odpovédnym projektantem raZenych objekta trojlodni slou-
pové stanice Florenc v&etné prestupniho uzlu na trasu C. Jako
projektant byl aktivnim udcéastnikem feSeni dal§iho postupu
vystavby prestupniho uzlu po dvou mimoradnych udélostech.
V listopadu 1981 to byl v historii vystavby metra nejvetsi
nadvylom (cca 1100 m?), ktery se prokopiroval aZ na terén
pred budovou Méstského muzea. Bylo to pri tpadni razbé
prestupniho étyfeskaldtorového tunelu. TéméF presné o rok
pozdéji to byl nadvylom pri razbe relativné malé technolo-
gické Stoly spojujici hloubenou jamu prestupni haly se
»severnim® vystupnim vestibulem stanice. Relativné¢ mensi
nadvylom (cca 350 m?) bez vdznych dasledku byl varovnym
signdlem, Ze by prfi ndsledné razbé prestupnich chodeb pod
stanici trasy C mohlo dojit k fatdlnimu kolapsu. Proto bylo
nutno okamzité upravit dalSi postup vystavby prestupniho
uzlu. Byla to ukdzka operativni spoluprdce projektanta, zho-
tovitele stavby, pfizvanych expertd a investora pri feSeni
velmi zdvaznych technickych problému. Nastésti v té dobé
nebylo zvykem medidln€ skandalizovat potiZze pri vystavbé
prazského metra. Po stavbé trasy I.B nasledovaly projekty na
trasdch III.B, II.B. Na zacdtku devadesatych let to byly pro-
jekty na trase IV.B, kde prosazoval jiz pouZziti technologie
razby Novou rakouskou tunelovaci metodou (NRTM).

V roce 1995, kdy byl jiz METROPROJEKT Praha akcio-
vou spolecnosti, se stal Ing. Ruzicka vedoucim strediska

Ing. Jifi RuZicka was born on 20th March 1946. In 1960 he star-
ted to study at the secondary vocational school of building and
civil engineering in Zborovsk4 Street in Prague Smichov. After the
leaving exams in 1964 he continued to study at the Faculty of Civil
Engineering of the Czech Technical University in Prague and gra-
duated with a degree in civil engineering from the Department of
Civil Engineering and Traffic Structures. His student dream was to
design large civil engineering structures, which at that time meant
for him first of all bridges. For that reason the theme of his diplo-
ma thesis was the pre-tensioned reinforced concrete motorway
bridge over the rivers Berounka and Litavka in Beroun on the D5
motorway construction being under preparation at that time.

In 1970, after successful graduation, he entered the Military
Designing Institute in Prague, where he worked in the position of a
designer. It was very soon that his visions of large civil engineering
projects started to develop in a different direction. He engaged
himself in the preparation of the Line I.A of the Prague Metro. It was
the first Prague metro line driven exclusively by mining techniques.
Ing. Ruzic¢ka soon became the designer responsible for the track sec-
tion between Malostranskd and HradCanskd stations. At the same
time he collaborated on the realisation of the Hrad¢anskd mined
three-vault station. Together with Nameésti Miru station, these stati-
ons were the first two three-vault structures with reinforced concre-
te segments lining the platform part with cross passage openings.

In December 1974 he entered the designing organisation of DP
METROPROJEKT. The first tasks of his were designs for mined
structures of Zelivského station on the IT.A extension of the Line A
to Vinohrady. The design preparation of the next Prague metro line,
the first operating section of the Line B, followed. He became the
designer responsible for mined structures of Florenc station, the
three-vault station with pylons, including the interchange node to
the Line C. In the position of the design engineer he was an active
participant in designing for the subsequent procedure of the con-
struction of the interchange node after two extraordinary events. In
November 1981, it was the largest overbreak (ca 1100m?) in the
metro construction history, which copied itself up to the terrain in
front of the Prague City Museum. It happened during the downhill
excavation of the interchange tunnel for four banks of escalators.
Nearly exactly after a year, it was an overbreak during the excava-
tion of a relatively small technological gallery interconnecting the
construction pit for the cut-and-cover interchange concourse with
the “northern exit” concourse of the station. A relatively smaller
overbreak (ca 350m?®) without serious consequences was a warning
signal that a fatal collapse could happen during the subsequent
excavation of interchange galleries heading under the station on
the Line C. It was for that reason necessary to change the subse-
quent procedure for the construction of the interchange node. It
was an example of operative collaboration between the designing
officer, construction contractor, an experts invited to the site and
the project owner in solving very serious technical problems.
Fortunately, it was not a custom at that time to scandalise troubles
encountered during the construction of the Prague metro in media.
After the Line section 1.B, designs for the Lines III.B and II.B fol-
lowed. At the beginning of the 1990s, there were designs for the
Line section IV.B, where he already started to promote the use of
the New Austrian Tunnelling Method (the NATM).

In 1995, when METROPROJEKT Praha was already a joint-
stock company, Ing. RuZzi¢ka became the chief of the department
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tunelovych a inZenyrskych staveb. V té dobé zde byly zpra-
covdvény projekty prevazné Casti trasy IV.CI1, kterd zahrno-
vala kromé tratovych tunelu hloubenou, do¢asné koncovou,
stanici Ladvi a prvni razenou jednolodni stanici v siti praz-
ského metra, stanici Kobylisy. Kolektiv projektantu, vedeny
Ing. Razi¢kou, zpracovéval i unikdtni projekt tunelu vysou-
vanych do koryta Vltavy, ktery byl po dokonceni trasy IV.C1
ocenén nejen v Ceské republice, ale i na svétovém betonai-
ském kongresu v Osace v roce 2002 a na svétovém tuneldi-
ském kongresu v Amsterodamu v roce 2003. Pro vystavbu
razenych tratovych tunelt (prevdzné dvoukolejnych) a ra-
zené jednolodni stanice Kobylisy byla jiz uvazovdna vylu¢ne
technologie NRTM. Po dokonceni trasy IV.C1 navazovaly
projekty trasy IV.C2 (Ladvi — Letnany) a prodlouZeni trasy
A z Dejvic do Motola (trasa V.A).

Kromé projektovani prazského metra se Ing. RuZic¢ka
zucastnil projektd i mnoha dalSich tunelovych staveb.
Z délniénich staveb to byly napriklad tunel Valik na dalnici
DS, tunely Radej¢in a Libouchec na ddlnici D8 a na Slo-
vensku projekt pruzkumné $toly pro tunel Visnové. Ze zelez-
ni¢nich tuneld muzeme uvést na Moravé tunely Krasikov
a Tatenice, tunel Hnévkov II a rekonstrukce tuneld
Jablunkov, na Slovensku tunel Turecky vrch. Z nerea-
lizovanych staveb to byly napriklad Zelezniéni tunel Praha —
Beroun.

Ing. Jifi Razi¢ka pracoval v METROPROJEKTU Praha
a.s. do konce roku 2008. Od té doby spolupracuje jako exter-
ni poradce a konzultant az do soucasnosti. Vénoval se pokra-
Cujici projektové pripravé realizované trasy V.A. Nyni je to
zejména pokracujici projektova priprava nové trasy D.
V prubéhu svého profesniho Zivota Ing. Jifi Ruzi¢ka publi-
koval desitky &lankt v odbornych Casopisech, zejména
v Casopisu Tunel. RovnéZ se aktivné zucastnil mnoha tune-
lafskych konferenci a seminaiu doma i v zahranidi.

Vyznamné Zivotni jubileum zastihuje Ing. Jifiho RuZicku
v plné tvuréi sile. Je mi potéSenim, Ze mohu jménem viech
spolupracovniku a vds ¢tendra Casopisu Tunel poprat naSemu
jubilantovi pevné zdravi a hodné energie do dalsi prace.

Ing. MIROSLAV NOVAK,
METROPROJEKT Praha a.s.

CTVRT STOLETI CASOPISU TUNEL
A QUARTER CENTURY OF TUNEL JOURNAL

The first issue of TUNEL professional journal was published
25 years ago. Currently it is published by the ITA-AITES
Czech and Slovak Tunnelling Associations. These two pub-
lishers can certainly state with pride that during its existence
the journal has gained reputation among the professional pub-
lic not only in the Czech and Slovak Republics, but also abro-
ad. Among its primary readers, there are naturally members of
both associations, but it is also read by foreign professionals,
who receive it through the ITA-AITES Member Nations. In
addition, the journal has got numerous domestic and foreign
subscribers.

Pred 25 lety vyslo prvni ¢islo odborného Casopisu Tunel,
ktery dnes spolecné vydévaji Ceska a Slovenska tunelarska
asociace ITA-AITES. Tito dva vydavatelé mohou jisté
s hrdosti konstatovat, Ze Casopis si za dobu své existence vydo-
byl renomé u odborné verejnosti nejen v Ceské a Slovenské
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of tunnel and civil engineering structures. At that time this depart-
ment prepared designs for the major part of the line section IV.CI,
which comprised, apart from running tunnels , the temporarily ter-
minal cut-and-cover Ladvi station and Kobylisy station, the first
mined one-vault station on the Prague metro network. The team of
design engineers led by Ing. Ruzi¢ka carried out even the unique
design for the tunnels launched to the Vltava river bed, which was
appreciated after the completion of the Line IV.C1 not only in the
Czech Republic but even the World Concrete Conference in Osaka
in 2002 and at the World Tunnel Congress in Amsterdam in 2003.
The NATM was already exclusively assumed for the construction
of the mined running tunnels (mostly double-track ones) and the
Kobylisy mined one-vault station. After the completion of the Line
C section IV.C1 (Ladvi — Letnany) and the extension of the Line A
from Dejvice to Motol (the Line section V.A) followed.

Apart from designing for the Prague metro, Ing. RuZi¢ka even
participated in many other designs and many other tunnelling pro-
jects. Among the motorway structures there were, for example, the
Valik tunnel on the D5 motorway, the Radej¢in and Libouchec tun-
nels on the D8 motorway and, in Slovakia, the design for the explo-
ratory gallery for the Visnové tunnel. Of the railway tunnels, it is
possible to mention the Krasikov and Tatenice tunnels, the
Hnévkov II tunnel and the reconstruction of the Jablunkov tunnels
in Moravia and the Turecky Vrch tunnel in Slovakia. Among the
not-realised structures, there were, for example, the railway
Prague-Beroun tunnel.

Ing. Jifi Ruzicka worked with METROPROJEKT Praha a.s.
until the end of 2008. Since that time he has collaborated in the
position of an external adviser and consultant till now. He dedica-
ted himself to the continuing design preparation of the Line A
extension V.A. Now it is first of all the continuing design prepara-
tion for the new Line D. During his professional life, Ing. Jifi
Ruzic¢ka published tens of papers in technical journals, first of all
TUNEL journal. In addition, he actively participated in many tun-
nel conferences and seminars, both domestic and foreign.

This important anniversary meets Ing. Jiff Ruzicka at full creati-
ve power. It is a pleasure for me that I can wish our birthday boy
on behalf of all collaborators and you, TUNEL journal readers,
good health and a lot of energy into further work.

Ing. MIROSLAV NOVAK,
METROPROJEKT Praha a.s.

republice, ale i v zahrani¢i. Mezi jeho Ctendfe samozrejmé
v prvni fad€ patfi ¢lenové obou asociaci, ale také zahrani¢ni
odbornici, ke kterym se dostava pres ¢lenské narodni asociace
(ITA Member Nations) Mezindrodni tuneldfské asociace ITA-
AITES. Casopis méd i fadu predplatiteld tuzemskych
i zahrani¢nich.

VZNIK CASOPISU

Kdo si chce podrobnéji pfipomenout okolnosti vzniku ¢aso-
pisu Tunel, muZe si na webu Ceské tuneldiské asociace ITA-
AITES (www.ita-aites.cz) stahnout v PDF ¢. 1/2011, ve kte-
rém dlouholety sekretdf CzTA a vedouci redaktor Casopisu
Tunel Ing. Karel Matzner v prispevku k 20. vyro&i Casopisu
prislusné informace uvedl.

Jen stru¢né pfipomeneme, Ze za predchudce Tunelu lze pova-
Zovat Zpravodaj metro, ktery zacal vychdzet v roce 1971, coZ
byl rok vzniku tehdy ndrodniho podniku Metrostav. V roce
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Tab. Lidé okolo Tunelu
Table People around TUNEL

Clenové RR ¢asopisu Tunel 1992 az leden 2016
Jméno a prijmeni od &isla do &isla Tunelu 9219394 195/96({97(98|99|00|01|02|03|04(05(06|07|08[09|10| 11|12 13|14 [15]|16
1 Gran Jaroslav " 1/1992 - 1/1993
2 Vozarik Petr2 2/1993 - 1/2013
3 Bartak Jifi 9 4/1994 - dosud
4 Matzner Karel 4 4/1996 - 4/2004
5 Novotny Miloslav 9 11992 - 4/2013
6 Pruskova Markéta © 2/20013 - dosud
7 Kfenek Petr jen 1/1992
8  Kabatnik Mil. 1/1992 - 4/1993
9 Kaisler Karel 1/1992 - 4/1993
10 Podloucky Petr 1/1992 - 4/1993
11 Mafik Pavel 1/1992 - 4/1993
12 Cizmar Lubo$ 11992 - 4/1993
13 Raclavsky Jaroslav 1/1992 - 4/1993
14 Muhldorf Josef 1/1992 - 4/1993
15 Kadlec Miroslav 1/1992 - 4/1996
16 Pazdera Ladislav 3/1992 - 4/1996
17 Chadim Pavel 2/1993 - 4/1993
18 Bartdk Jan 2/1993 - 4/1995
19 Hudek Jifi 3/1993 - 4/1995
20 Vrba Otakar 1/1993 - 4/1996
21 Krejcar Milan 2/1992 - 2/2005
22 Polak Pavel 1/1992 - 4/2007
23 Romancov Jifi 1/1992 - 4/2008
24 Uhlik Miroslav 1/1992 - 4/2002
25 Hofmann Jifi 1/1994 - 4/1994
26 Fry¢ Igor 1/1995 - 2/2005
27 Brozek Miloslav 3/1995 - 4/1996
28 Kutil Josef 2/1995 - 2/2015
29 Stehlik Ermin 1/2005 - 3/2006
30 Aldorf Josef 3/2005 - 2/2009
31 Dvorék Josef 3/2005 - 1/2007
32 Pibyl Pavel 1/1997 - dosud
33 Srupérek Richard 1/1997 - dosud
34 Torner Vaclav 1/1997 - 4/2008
35 Frankovsky Jozef 7 2/1995 - 1/2001
36 Kusy Pavol 1/1994 - 4/1999
37 Mafik Libor 1/2001 - dosud
38 Rozsypal Alexandr 3/2001 - 1/2013
39 Sikora Stanislav 4/2001 - 2/2009
40 Frankovsky Miloslav 1/2000 - dosud
41 Dinga Peter 1/2000 - 4/2007
42 Vida Ondrej 1/2000 - dosud
43 Stoulil Pavel 1/2003 - 2/2007
44 Karovsky Viastimil 2/2007 - 2/2008
45 Pokorng Sona 3/2008 - 1/2009
46 Ebermann Tomas 2/2013 - dosud
47 Hasik Ota 1/2009 - 1/2015
48 Hilar Matou$ 2/2008 - dosud
49 Horék Vladislav 3/2009 - dosud
50 HrubeSové Eva 3/2009 - dosud
51 Chmelaf Radovan 3/2009 - dosud
52 Chomova Viktéria 1/2008 - dosud
53 Korejcik Jan 1/2014 - dosud
54 Kusnir Jan 3/2013 - dosud
55 Pruska Jan 3/2009 - dosud
56 Sebesta Boris 1/2008 - dosud
57 Sourek Pavel 1/2008 - dosud
58 Vesely Véaclav 3/2013 - dosud
59 Vintera Jan 2/2013 - dosud
60 Zlamal Jaromir 2/2009 - dosud
61 Franczyk Karel 3/2009 - 1/2013
62 Lubojacky Adam 2/2009 - 4/2009
63 Szotkowski Petr 1/2010 - 3/2012
64 Rizicka Pavel 3/2015
65 Novéak Miroslav 2/2015 - dosud
Poznamky: 2 7 toho pfedseda RR od ¢. 2/1993 az do 2/2009 5 z toho vedouci redaktor od ¢. 1/2005 az 4/2013
‘) zahr.¢lenové od 2/2013 3 z toho pfedseda RR od ¢. 3/2009 az dosud 8 z toho vedouci redaktor od ¢&. 1/2014 az dosud
" pfedseda RR od €. 1/1992 do €. 1/1993 4 vedouci redaktor od €. 4/1996 az 4/2004 7 ipo r. 2000 pracuje jako odborny redaktor
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1982 byl zaloZen a za &lena ITA-AITES byl prijat Ceskoslo-
vensky tunelarsky komitét ITA-AITES. Zpravodaj metro se
stal jeho tiskovym organem, pozdéji pod nidzvem Metro —
Zpravodaj Ceskoslovenského tuneldfského komitétu. A ten se
k 1. lednu 1992 prerodil v Tunel, protoZe bylo jiZ néjakou
dobu jasné, ze Ceskoslovensky tuneldfsky komitét chce vyda-
vat Casopis, ktery se bude vénovat nejen metru, ale celé §ifi
podzemniho stavitelstvi.

Vyvoj naznateny v predchdzejicim odstavci, vznik Ces-
koslovenského tuneldrského komitétu ITA-AITES i vznik
Casopisu Tunel naprosto podstatné souvisi s osobnosti
Ing. Jaroslava Grana, jehoZ skute¢né zakladatelska role je
pripomenuta v kuléru kazdého &isla ¢asopisu. Ing. Gran byl
v poldtcich pri své naroéné praci vedouciho technického
odboru v Metrostavu i sekretifem komitétu a také vedoucim
redaktorem casopisu Tunel. Vyddvdni Casopisu v prvnich
letech jeho existence v podstaté zabezpecovala firma
Metrostav.

Pii rozdéleni Ceskoslovenska na dvé republiky k 1. lednu
1993 vznikly jako samostatné organizace Cesky tuneldisky
komitét (pozdéji Ceska tuneldiskd asociace) a Slovenskd tune-
larskd asociécia, které se dohodly, Ze casopis Tunel budou
i naddle vydavat spole¢ne€.

Né&kolik dalSich meznikii asopisu

AZ do roku 1998 byly ¢lanky v Tunelu publikovéany v estiné
¢i slovenstin€. Zasadni zména nastala prekladem vSech &ldanku
do anglitiny, a to od &isla 4/1998. Davod byl jasny — Ceské
a slovenské podzemni stavitelstvi nechtélo zustat uzaviené
v hranicich svych stiti. V té dobé byl predsedou CTuK
Ing. Jindfich Hess, ktery se stal ¢lenem predstavenstva
a pozdéji viceprezidentem ITA-AITES. Na jeho popud a na
podporu pozice CTuK ve svété tehdejsi §éfredaktor Ing. Karel
Matzner tspésné zavedl bilingvni formu Casopisu.

Redakéni rada umoziovala svym ¢lenum i dal§im zdjemcum
z CTuK roz§ifovani jejich technického rozhledu. Nékterd zase-
dani rady se konala na aktudlné€ zajimavych stavbach i v ciziné
(napf. zkuSebni tunel Hagerbach, ddlni¢ni tunely na Istrii,
vodohospodérské tunely v Rakousku, podzemni stavby
v Madarsku, Némecku aj.). Tento trend v Cinnosti redakéni
rady je setrvaly.

Cislo 1/2005 vyslo v nové grafické tpravé, kterou mé aso-
pis dodnes.

Casopis je od roku 2008 zatazen Radou pro vyzkum a vyvoj
pri vladé CR mezi recenzované neimpaktované Easopisy.

Vyznamni zahrani¢ni odbornici se stali ¢leny redakéni rady
od ¢isla 2/2013 (jejich seznam — viz kulér Casopisu).

Lidé kolem Tunelu

Odpovédnost za obsah a sméfovani Casopisu nesou, jak je
obvyklé, redakéni rada Casopisu a jeji predseda. Avsak tihu
uikolu, aby ¢islo Casopisu, o jehoZ obsahu redakéni rada roz-
hodla, proslo vSemi stadii pripravy a bylo vyti§téno
a expedovdno, nese na svych bedrech vedouci redaktor, ktery
je soucasné¢ generdlnim sekretarem CzTA.

V uplynulych 25 letech predsedou redakéni rady postupné
byli:

Ing. Jaroslav Gran (od &isla 1/1992 do &isla 1/1993),
Ing. Petr Vozarik (¢. 2/1993 az 2/2009) a prof. Jiri Bartak,
DrSec. (¢. 3/2009 az dosud).

Préci vedouciho redaktora v prvnich letech Casopisu zajis-
tovali pracovnici Metrostavu, ze kterych je vhodné jmenovat
PhDr. Jana Bartdka, Ing. Pavla Poldka a PhDr. Miroslava
Kadlece. Od cisla 4/1996 byla funkce vedouciho redaktora
(tedy v podstaté séfredaktora ¢asopisu) spojena s funkci gene-
ralniho sekretafe CzTA, kterym se v té dobé stal Ing. Karel

Matzner. S jeho jménem je spojen dal$i rozvoj Casopisu
Tunel i asociace, nez ho od 1. ledna 2005 vystfidal Ing. Mi-
loslav Novotny. Ten pak predal obé funkce k 1. lednu 2014
soufasnému generdlnimu sekretdfi — Img. Markété Prus-
kové, Ph.D.

Do redakéni rady vysilaji své zastupce Clenské organizace
Ceské a Slovenské tuneldrské asociace ITA-AITES (ddle
CzTA a STA). Na zdkladé jejich ndvrht jmenuji redakéni radu
predsednictva obou asociaci.

Celkem se zatim v redakéni radé vystfidalo 65 odbornika.
Nektefi z nich v ni ale pracovali krétce, coz souviselo se zmé-
nami v jejich materskych firmach.

Je vhodné zminit ty, ktefi byli v redak¢ni radé na zacatku
vyddvani Casopisu, pracovali v ni pak delSi dobu a casopis
vyrazné ovlivnili. Mimo Ing. Jaroslava Gréana to byli:

Ing. Petr Vozarik (1993 az 2013, Metrostav), prof. Jifi
Bartik (1994 az dosud, CVUT Praha), Ing. Milan Krejcar
(1992 az 2005, puvodné Vojenské stavby), Ing. Karel Matz-
ner (1996 az 2014, Metrostav), Ing. Miloslav Novotny (1992
az 2013, puvodné Vodni stavby), Ing. Pavel Poldk (1992 aZ
2007, Metrostav), Ing. Pavel Marik (1992 az 1993, PUDIS),
Ing. Georgij Romancov (1992 az 2008, Metroprojekt)
a Ing. Miroslav Uhlik (1992 az 2002, Subterra).

Prvnim zdstupcem STA byl v redakéni radé Ing. Libo§ Ciz-
mar (1992-1993), pak prisel Ing. Miroslav Kusy (1994-1999)
a od roku 1995 Ing. Jozef Frankovsky, ktery az dosud pracuje
jako externi slovensky odborny redaktor a je jakymsi ,,doye-
nem* redakéni rady. Kolem roku 2000 zahéjili své pusoben{
v redakéni radé Ing. Miloslav Frankovsky (2000 az dosud),
Ing. Peter Dinga (2000 az 2007) a Ing. Ondrej Vida (2000 az
dosud).

Jesté uvedeme néekolik jmen dlouholetych &lent redakeni
rady: Ing. Igor Fry¢ (1995-2005), Ing. Josef Kutil (1995-2015),
prof. Josef Aldorf, DrSc. (2005-2009), prof. Pavel Pribyl, DrSc.
(1997 az dosud), doc. Richard §ﬁupérek, CSc. (1997 az dosud),
Ing. Libor Marik (2001 aZ dosud), doc. Alexandr Rozsypal,
CSc. (2001-2013) a Ing. Stanislav Sikora (2001-2009).

Pfi 25. vyrodi Casopisu Tunel patii dik za neziStnou a oblas
i nedocenénou praci vSem Sedesdti péti spolupracovnikim,
kteri se v redakéni radé vystridali, a nejen tém vySe zminé-
nym. Podékovdni patii vS§em odbornym redaktoru, kteff
v tomto obdobi o ¢asopis peCovali, a v neposledni rade také
spolehlivému prekladateli Ing. Karlu Scharfovi a peovatelce
o jazyk Cesky korektorce Mgr. Zdislavé Novotné. SloZeni sou-
Casné redakéni rady vcetné spolupracujicich zahraniénich
¢lenu ¢tendr najde na kuléru Casopisu.

Co fici zaveérem.

Casopis Tunel je predeviim prostfednikem pfi sdileni infor-
maci a zkuSenosti tuzemskych i zahrani¢nich v oboru pod-
zemniho stavitelstvi. Vyznamné prispivd k prezentaci prace
&eskych a slovenskych tuneldit doma i v zahraniéi. Je ale také
— a to je dobré zduraznit — paméti podzemniho stavitelstvi
v Ceské a Slovenské republice, oboru milovaného v§emi, kdoz
pro Tunel pracovali a pracuji. Lze si jen pfét, aby to tak zusta-
lo i v budoucnosti.

Ing. KAREL MATZNER,
Ing. MILOSLAV NOVOTNY,
Ing. MARKETA PRUSKOVA, Ph.D.
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VZPOMINKA NA JIR(HO JUNKA
MEMORY OF JIRKA JUNEK

Ing. Jiff Junek, CSc. entered the at that time existing Operating
Unit No.l of Metrostav in 1977, after graduating from the Czech
Technical University in Prague with a degree in civil engineering
from the Faculty of Civil Engineering, a one-year military service
and a short practice in a designing institution. He was assigned to the
team which was responsible for developing the Metro Line II.C from
Florenc to HoleSovice. Jifi (George) successfully finished one of the
stations on this line, VItavskd Station, in the position of chief site
agent, in 1984. Later, already in the position of chief site agent of
Operating Unit 3, he managed finishing work in the exposed area of
the so-called “Golden Triangle” in the lower part of Wenceslas
Square when the Metro Line I B was being brought into service.
After he successfully fulfilled this demanding task, he participated in
nici Vltavskou. Poté jiz v po- the construction of Depo Hostivar station, which was realised by
zici hlavniho stavbyvedouctho | | Operating Unit No. 6, from which he transferred back to Operating
provozni jednotky 3 fidil ' Unit No. 1 in 1989 to the position of the chief operating manager.
dokoncovaci prace v exponovaném prostoru ,,zlatého trojihelniku* h‘l the perigq 1995 to 2090 he worked in‘the priva.te spher.e, where
v dolnf &sti Véclavského ndmésti pii zprovoziiovéni trasy metra he, in the p951t10n of the chief operations otflce.r dedicated himself to
LB. Po tsp&sném splnéni tohoto ndroéného tkolu se podilel na | @0 @t that time new technology — waterproofing systems based on
vstavbé stanice Depo Hostivaf realizované provozni jednotkou 6, | Y€ membranes. The development of the new operating section of

odkud preel zpdtky v roce 1989 k provozni jednotce 1 do pozice the metro Line C (IV.C1) from HoleSovice to Ladvi, which started in
vedouciho vyroby 2000, met Ing. Jifi Junek again in the Metrostav team, this time at

V letech 1995 a7 2000 pracoval v privatni sféfe, kde se v pozici Division 8, which was established to build Prague metro. He worked

vyrobniho feditele vénoval problematice tehdy nové technologie — there in the position of a chief site agent for the execution of underg-
izolacnich systémé z PVC folif. Vystavba nové trasy metra IV.C1 round structures. After the successful bringing of this line into servi-
2 Holegovic do Ladvi. kterd b}.lla zahdjena v roce 2000 zasti.hla ce, he proceeded on the construction of the new operational section
Ing. Jifiho Junka opét v tymu Metrostavu — tentokrat v divizi 8, kterd ol 1z Same line, IY',CZ’ o Lad,Vl 19 Wistinyp ingsy, Jtal it v
byla zi{zena pro vystavbu prazského metra. Zde pracoval v pozici ked there in the position of the project manager for the contractor and
hlavnfho stavbyvedouciho pro Gsek raZeb. Na tspSiné zprovoznéni managed the excavation of a double-rail tunnel between Letnany and
{560 trasy v Toce 2004 navézala dalivys ta\;ba trasy IV.C2 7 L4dv do Prosek stations. This line extension was successfully inaugurated in
L, Tl Liiyg, IR sk vt sedameibe pisfieam Sl odon 2008. In 2010 through to 2015 he, in the position of the deputy direc-
dvouk ,l - éh t‘ nelu mezi stanicemi Letiany a Prosek. Tato tr: tor of development, participated in the successful realisation of anot-
bvf;ﬁ;) ?énz L?veljiei: doeroi(?zuc\?roce ;002 };lzietezlsleZ(i | Oaa(; 2(? 152 her metro line extension, the Line A running from Dejvice to Motol.
sg \% p(f)zici zastupce fedilzele vystavby podﬂél na uspésné realizaci His Job description comp ris§d th.e coordination of tunnelling opera-
T iy b N O 0 Wb, D et st Ty tions and both the civil-engineering and technology parts. The line
’ ’ was brought into service in April 2015. Throughout this time he han-
koordinace razeb a stavebni a technologické ¢ésti. Trasa byla zpro- ded hi S hered dp o his 1 - 2 ith enth
voznéna v dubnu 2015. Po celou dobu a s nad$enim predaval své ed s experience gathered during his longtime practice with enthu-

B L . » . siasm to younger colleagues.
dllorim pr’aXIGnabyte AT e mladsim kolve/gum.. ; L. The last half year he worked at the headquarters of Metrostav
?osledm pulrok p}'aC.OVal na c?n.trale .na.s1 akeiové “svp’olecnovstl joint-stock company in the position of a specialist in the section of
v tiseku obchodniho red.1te1e Vv pozicl specialisty, kdy Zagls“’val pre- the chief marketing officer, where he ensured, first of all, progress
devsim fotodokumentaci realizovanych staveb. Jak sam rikal, potka- photographs of construction work being realised. As he used to say,
lo jej to velké Stésti, Ze se jeho celoZivotni konicek stal jeho hlavn{

oy SRS, AY SF JuI S Lo e ) he was very lucky that his lifelong hobby became his main worklo-
pracovni ndplni. Vzdyt'i predtim si Jiftho kazdy z nds jiste pamatuje |, Eyen earlier each of us certainly remembers Jif with a camera on
s fotoapardatem na krku...

his neck...
Dalsi jeho velkou vasni se stalo cestovani. S oblibenou cestovni Travelling became another great passion for him. He travelled

Ing. Jiri Junek, CSc. nastou-
pil ke spolecnosti Metrostav
v roce 1977 k tehdejsi provoz-
ni jednotce 1 po absolvovani
Stavebni fakulty, jednorocni
vojné a kratké praxi v pro-
jekénim udstavu. Byl zarazen
do tymu, ktery mél na starosti
vybudovat linku metra II.C
z Florence do HoleSovic. Jif{
v pozici stavbyvedouciho
dokoncil v roce 1984 tspesne
jednu ze stanic této trasy — sta-

kanceldfi procestoval téméf cely svét. Fotografie z téchto cest se | pearly around the whole world with his favourite travel agency.
staly souCdsti kaZdoroCnich tematickych vystav a byly vidy | Pphotos from these journeys became parts of annual thematic exposi-
doprovdzeny obrazy jeho starSi deery EliSky, kterou v uménf veli- tions, which were always accompanied by pictures painted by his
ce podporoval. older daughter Eliska, whom he greatly supported in her artistry.

Jeho rodina — manZelka, dvé dcery a Ctyfi vnuci - to je hodnota, His family — his wife, two daughters and four grandsons — is the
kterou si povazoval nejvice. Dim, ktery postavil na venkové, slouzi value he regarded most of all. The house he built at countryside has
k spoletnému setkdvéni nejen Elenil rozvétvené rodiny, ale také et- served joint meetings not only of the members of his large family, but
nych prétel. Rodiny svych dcer podporoval ze viech svych sil. Amél | also of numerous friends. He supported the families of his daughters
jesté spoustu pldnd. applying all his forces. And he still had lots of plans.

Ing. Jifi Junek, CSc. zemrel ndhle ve spanku v noci 18. 1. 2016. Ing. Jifi Junek, CSc. died suddenly in his sleep during the night
Nejen své rodiné bude chybét. on 18th January 2016. He will be missed not only by his family.

Dékujeme mu za jeho dlouholetou poctivou praci, kterou pro We thank him for his longtime dutiful work he carried out for
Metrostav vykonal. Metrostayv.

Cest jeho pamitce. Honour to his memory.

Ing. PAVEL SRAMEK, Metrostay a.s. Ing. PAVEL SRAMEK, Metrostay a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

EVROPA - POHLEDNICE S ALPSKYMI TUNELY I

EUROPE - PICTURE POSTCARDS WITH ALPINE TUNNELS I

In TUNEL journal No. 4/2014,13 picture postcards with
important to very important tunnels in the Alps were introdu-
ced [1]. The following paper continues by outlining other
seven tunnels in this region, three in Switzerland and four in
Austria. Six of them are railway tunnels, two of them are
mountain rack-and-pinion structures and one is a road tunnel.

V casopisu TUNEL ¢&. 4/2014 jiz bylo predstaveno 13
pohlednic s vyznamnymi aZ velmi vyznamnymi tunely
v Alpdch [1]. Néasledujici prispévek na tento ¢lanek navazuje
a priblizuje dalSich sedm tunell v tomto regionu, tfi ve Svy-
carsku a &tyfi v Rakousku. Sest tuneld je Zelezniénich, z toho
dva horské, ozubnicové a jeden tunel je silni¢ni.

Obr. 1 Urnerloch u Andermattu. ?? Edition Photoglob, Ziirich. [sbirka autoru]
Na kresbé (?) z doby pred r. 1900 vyjizdi dostavnik z jizniho, nevyzdéného por-
tdlu tunelu. Vlevo tece Feka Reuss. RovnéZ v levé dsti skalniho 1iboct se dnes
nachdzi téleso Schéllenenské drdhy.

Fig. 1 Urnerloch at Andermattu. ?? Edition Photoglob, Ziirich. [authors‘ col-
lection]

On the drawing from the time before 1900, a coach emerges from the southern
unlined portal of the tunnel. The Reus River flows left. The track bed of the
Schélenen line is today also on the left side of the rock mountainside.

1. URNERLOCH

JiZz od starovéku vedla nejkratsi cesta z Némecka do Itdlie
(a naopak) pres Gotthardsky prusmyk. Prvni pisemné zminky
o ni v8ak pochdzeji az z roku 1230. Nejsvizeln¢jsi prekdzkou
mezi Goschenen a Andermattem byla tizka Schollenenska roz-
sedlina s fekou Reuss. Prekondvaly ji schody, vytesané do
skdly, pozdeji drevéné mosty — zndmy je predevsim
Tvirrenbriicke (1230), roku 1595 nahrazeny kamennou stav-
bou. V roce 1707, po jeho strzeni vodou, byla hleddna nova
cesta. Dne 20. 9. 1707 byl povéfen pevnostni stavitel
a Vaubanuv 74k Pietro Morettini vystavbou prvniho silni¢niho
tunelu ve Svycarsku, sou¢asné prvniho v Alpich, a tedy

Obr. 2 Pilatushahn. Sténa Esel a Bernské Alpy. 19807 147 Photoglob — Wehrli
A. G. - Ziirich. [sbirka autorii]

Na pohlednici je ozubnicovy viiz pred prostrednim z horni trojice tuneli —
nazvanym Esel-Tunnel. Je pojmenovdn podle hory Esel (2118 m n. m.) v jejim#
Jihovychodnim svahu byl tento typicky iibocni tunel vyraZen v délce cca 50 m.
Fig. 2 Pilatusbahn. Esel Wall and the Bernese Alps. 1980? 147 Photoglob —
Wehrli A. G. - Ziirich. [authors® collection]

A rack-and-pinion car in front of the middle of the upper threesome of tunnels
— named the Esel Tunnel is in the picture postcard. It is named after Esel
Mountain (2188m a.s.l.) through the south-eastern slope this typical hillside
tunnel was driven at the length of ca 50m.
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i prvniho na Gotthardu. Tunel (z naSeho pohledu Stola),
nachdzejici se 1430 m n. m. byl puvodné dlouhy 64 m, Siroky
2 m, vysoky 2,5 m (pro koné s jezdcem), neobezdény a ne-
osvétleny. Vystavba s rozpojovanim horniny stfelnym pra-
chem, pri které zahynuli dva lidé, trvala 11 mésicu. Vzhledem
k nefekanym problémim byly nédklady proti pldnu zhruba
dvojndsobné. Po dokondeni tohoto dila provoz pres prusmyk
nasobné vzrostl.

V roce 1830, pfi stavbe silnice pres Gotthard, doslo k prvnimu,
zatim nevelkému, zvétSeni tunelu (obr. 1). Pozdéji byla na jeho
jizni strané postavena vice nez 300 m dlouhd galerie (spole¢na
s vedenim Schoéllenenské drahy, oteviené roku 1917 [1]). Ddlnice
v roce 1954 znamenala dalsi, tentokrat vyrazné, rozsifeni tunelu
a v roce 2014 byl tunel opraven a opét rozsiten. [2]

2. PILATUSBAHN

Pilatusbahn (PB) je Svycarskd horskd ozubnicovd Zeleznice.
Sklon az 480 %o ji ¢ini nejstrmejsi na svete. Dolni stanice se
nachdzi pobliz Lucernského jezera, horni lezi ve vysce 2132 m
n. m, tésné pod vrcholem hory Pilatus. Celkova délka je 4,8 km
s pfevySenim 1633 m. Trat, puvodné s parni trakci, od roku
1937 elektrifikovand, md rozchod 800 mm a je opatfena tzv.
oboustrannou (Locherovou) ozubnici. Kolejnice i stfedni ozub-
nice jsou uchyceny k vdlcovanym profilam U, které jsou zapus-
tény do nizké kamenné podezdivky. Vystavba trvala pouhych
400 dna v letech 1887-1888, pravidelny provoz byl zahédjen od
4.6.1889. Na trati se nachdzi celkem 6 tuneld — tfi v doln{ ¢ésti
a v horni ¢asti, prochdzejici typicky vysokohorskym terénem,
rovnéz tii tunely, krat$i délky (obr. 2).

V dobdch parni trakce byvalo prepraveno cca 30 000,
pozdéji az 55 000 osob/rok, po elektrifikaci se tento objem
dale zvysil. [3]

3. SCHYNIGE PLATTE BAHN

Ozubnicova Zeleznice (systému Ringgenbach) v kantonu Bern
v blizkosti Interlakenu, vedouci z Wilderswilu na Schynige Platte

Obr. 3 Svycarsko. Draha Schynige-Platte. Eiger, Monch a Jungfrau. 19807
Verlag Photoglob AG, Ziirich. [sbirka autoru] o

Na pohlednici je ozubnicovd souprava s charakteristicky otevrenymvl/ voz’y v
blizkosti tunelu Stepfegg, piiblizné na horni hranici lesa. Pozadi tvori krdsné
panorama se tremi hlavnimi vrcholy Bernskych Alp. Zleva: Eiger ( 3970 m),
Monch (4107 m) a Jungfrau (4158 m).

Fig. 3 Switzerland. The Schynige-Plattetrack. Eiger, Monch and Jungfrau.
19802 Verlag Photoglob AG, Ziirich. [authors’ collection] -
There is a rack-and-pinion train in the picture postcard, with characteristical-
ly open cars in the vicinity of the Stepfegg tunnel, appmxim.alely at the upper
limit of the forest. The background is formed by a beautiful panorama szth
three main peaks of the Bernese Alps. Left to right: Eiger (3970m), Monch
(4107m) and Jungfrau (4158m).
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—obr. 3. Drdha je dlouhd 7255 km a pfekonava prevyseni 1420 m
na nahorni plo$inu do vysky 1987 m n. m.; jde o nejvétsi prevy-
Seni Zeleznice v celém regionu Jungfrau. Stavba byla zahdjena
v roce 1891 s provozem od 14. 6. 1893. Od roku 1914 je trat’elek-
trifikovana.

Na trati se nachdzeji Ctyfi tunely o celkové délce 372 m. Jde
o tunely: Stepfegg (31 m), Gritli (157 m), Stollfluh (16 m)
a Rotenegg (168 m). [4]

4. SEMMERING - POLLEROSWAND TUNEL

Stru¢nd historie Semmeringské drdahy byla zminéna jiz
v [1], s uvefejnénim dvou pohlednic zobrazujicich Weizet-
telwand tunel.

Nedaleky tunel Polleroswand se nachdzi rovnéz na Zelez-
niéni trati Wien Siidbahnhof — Spielfeld-Stra3. Je dlouhy
337 m, dvoukolejny a elektrifikovany. Zvlastnosti tunelu je
stavajici, puvodné pruzkumna (?), bo&ni Stola, dnes uréena
jako tnikova.

Sténa Polleroswand je vyznamny krajinny symbol a byva
¢asto zobrazovdna — mimo jiné i jako motiv na bankovkach.
K tunelu prilehly viadukt Kalterinne je nejvy$§im na Sem-
meringské draze (obr. 4). [5]

5. KARAWANKEN TUNNEL

Trat' Villach Siid — Jesenice spojuje Rakousko se Slovin-
skem. Je soucdsti posledniho velkého Zelezni¢niho projektu
v R-U monarchii, jehoZ cilem bylo prodlouzit rakouskou
Zelezni¢ni sit’ az k pristavu Terst. Tunel (obr. 5) md délku
7976,50 m a je dvoukolejny, i kdyZ puvodni trat’ méla kolej
pouze jednu. Jeji tunely vSak byly proziravé stavény jiZ na
koleje dve. Tunelarské prace byly zahdjeny 21. 6. 1902, slav-
nostni otevieni pripadlo na 30. 9. 1906. Vyraznou komplikaci
pri stavbé byly vydatné pritoky vody. Tunel byl jiz od pocétku,

Seminertng.. Polleroswand-Tanmel,

Obr. 4 Semmering. Tunel Polleroswand. S horami Kalte Rinne a Rax
(2009 m). P. Ledermann, Wien I. Fleischmarkt 20 — 1916. [sbirka autori]
Na kolorované pohlednici je vidét vlevo/zdpadné od tunelu (smérem od zastdv-
ky Wolfsbergkogel) viadukt Kalterinne (délky 184 m a vysky 46 m) a vpra-
volvychodné od tunelu (od nddrazi Breitenstein) viadukt Krausel-Klause (délky
87 m a vysky 36 m).
Pohlednice je adresovand do Lodénice u Berouna v Cechdch a pisatel vyjadru-
Je podivent, Ze: ,, .. .to bilé je snih i v Cervau...“.
Fig. 4 Semmering. The Polleroswand Tunnel. With Kalte Rinne and Rax
Mountains (2009m). P. Ledermann, Wien I. Fleischmarkt 20 — 1916. [aut-
hors‘ collection]
Left in the coloured picture postcard, west of the tunnel (in the direction of
Wolfsbergkogel intermediate station) there are the Kalterinne viaduct (184m
long and 46m high) and the Krausel-Klause viaduct (87m long and 36m high)
seen rightleast of the tunnel (of the railway station). ‘
The picture postcard is addressed to Lodénice u Berouna in Bohemia and the
author expresses marvel that: “... the white thing is snow even in June ...”.
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Harawanken-Tunnel bei Rssling

Obr. 5 Karawanken-Tunnel u Assling (dnes Jesenice). Okolo 1910. Fr.
Pavlin, Assling. [sbirka autori] ) o
Na kolorované fotografii vjizdi vlak do jizniho portdlu tunelu pri nad/razvl.
Assling (nyni Jesenice ve Slovinsku). Na portdlové Fimse je dedikace cisari

Frantisku Josefovi I., dnes jiZ odstranénd. '
Fig. 5 Karawanken Tunnel near Assling (today Jesenice). Around 1910. Fr.

Pavlin, Assling. [authors* collection] ,
In the coloured picture postcard, a train enters the southern portal of the tun-
nel near Assling railway station (now Jesenice in Slovenia). There is a dedica-
tion to the Emperor Franz Joseph I on the portal cornice, today it is already
removed.

s ohledem na nebezpe¢i vyskytu vybusnych plynu, elektrifi-
kovany z mistnich zdroju. Toto nebezpeli se také neStastné
potvrdilo v listopadu 1904, kdy pfi vyronu metanu zahynulo
14 tunelaru. [6]

6. MARIAZELLER BAHN

Mariazellbahn je elektrifikované jednokolejna izkorozchod-
nd (760 mm) zeleznice spojujici dolnorakousky St. Polten
s poutnim mistem Mariazell ve Styrsku. Stavba prvniho tseku
byla zahdjena 4. 7. 1898 a po jednotlivych castech dosdhla
v roce 1907 Mariazell. Na horské trati délky cca 84 km je cel-
kem 21 tuneld, z nich 14 je krat$ich neZ 100 m. Tunel Gosing
je pak se svymi 2369 m nejdel§im rakouskym zelezni¢nim

Obr. 7 Mittenwaldskd driha. Tunel Vorberg — & IV s viadukty Lehnen
a Kaiserstand. 1923. Purger & Co., Miinchen. Photochromiekarte Nr. 12619.
[sbirka autoru] . o o
Na barevné pohlednici je vievo pod zFiceninou Fragensteinu (s jedinou vinict
v severnim Tyrolsku) betonovy viadukt Kaiserstand délky 46,8 m a viadukt
Lehnen délky 28 m. Zeleznice vychdzi 7 jiZniho portdlu Vorberg-tunelu 4.

Fig. 7 Mittenwald track. Tunel Vorberg — No. IV with viaducts Lehnen and
Kaiserstand. 1923. Purger & Co., Miinchen. Photochromiekarte Nr. 12619.
[authors’ collection] ' ' .

In the colour postcard left, under the Fragenstein ruin (with the only vineyard
in northern Tyrol), there are the 46.8m long concrete viaduct Kaiserstand and
28m long viaduct Lehnen. The rail track emerges from the southern portal of
the Vorberg tunnel No. 4.
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Obr. 6 Mariazeller Bahn. Viadukt a tunel v Zinken. Nr. 728/19. Kunstverlag
S. Frank, Graz. 1909-1910. [sbirka autorii]

Na pohlednici je most za tunelem Groser Zinken se severovychodnim portdlem
tunelu Erlaufklause ve sméru od zastdvky Wienerbruck-Josefsberg [7]. Patrné
Je znecisténi zdklenku tunelového portdlu kourovymi plyny z iivodniho provozu
parni trakce. Fotografie byla zhotovena v dobé blizké dokonceni tunelu — vpra-
vo od portdlu se dosud nachdzi sklddka pouzité vydievy.

Fig. 6 Mariazeller Bahn. Viaduct and tunnel in Zinken. Nr. 728/19.
Kunstverlag S. Frank, Graz. 1909-1910. [authors’ collection]

In the picture postcard, there is a bridge behind the Groser Zinken tunnel with
the north-eastern portal of the Erlaufklause tunnel in the direction Sfrom the
Wienerbruck-Josefsberg intermediate station [7]. The pollution of the dischar-
ging arch of the tunnel portal with smoke traces from the time of the initial ope-
ration of the steam traction is well visible. The photo was taken at a time close
1o the tunnel completion — a stockpile of used timbering is still located right of
the portal.

tunelem na dzkém rozchodu. Poslednimi tfemi tunely pred
Mariazell jsou tésné za sebou razené: Kleiner Zinken
(vkm 76,7, dl. 59 m), GroBler Zinken (v km 76,8, dl. 68,53 m)
a Erlaufklause (v km 76,7, dl. 111,16 m) — obr. 6 [7, 8].

7. MITTENWALDSKA DRAHA - TUNEL VORBERG IV

Historie a trasovani Mittenwaldské drahy bylo stru¢né zmi-
néno jiz v [1]. Na trati Innsbruck Westbahnhof — Scharnitz se
nachdzi vice neZ 15 tunell a tunelovych galerii. Nejdel§im
z nich (1810,23 m) je Martinswand-Tunnel 2 [1]. Jednim
z onéch 15 tunell je jednokolejny elektrifikovany Vorberg-
Tunel 4, dlouhy jen 43,62 m — obr. 7. [9]

doc. Ing. Vladislav HORAK, CSc., Ing. Tomds VRANA
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KONFERENCE PODZEMNI STAVBY PRAHA 2016 A EETC 2016
CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2016 AND EETC 2016

Priprava 13. mezindrodni konference Podzemni stavby Praha
2016 a EETC 2016 pokracuje podle planu. Na konferenci bylo
celkem prihldSeno 225 abstraktu z 36 zemi. Pfiblizné tfetina
prihlasenych abstraktl je z CR (85 abstrakt®i), ostatni pfihlasené
abstrakty jsou prevazné z evropskych zemi, ale i z fady mimo-
evropskych zemi (napt. Alzirsko, Cina, Hongkong, Indie,
Indonésie, Irén, J aponsko, Mexiko, USA, atd.). Vysledny pocet
prihld8enych abstraktu je vySsi oproti konferencim v letech 2010
(bylo 217 abstraktu) a 2013 (bylo 178 abstraktu), coZ je prede-
v§fm déno vysokym poltem abstraktu ze zahraniéi. Véfime, Ze
i vysledny pocet obdrZenych prispévku bude vysoky.

Koncem roku 2015 byly upfesnény tuvodni prednasky
(Keynote Lectures) a vyzvané predndsky (Invited Lectures).
Z naSeho pohledu se podarilo zajistit velmi zajimavé prednas-
ky od renomovanych re¢niku o radé prestiznich mezinarod-
nich projektu, tak doufime, Ze dané prednasky budou dosta-
te¢né pritazlivé i pro Vas. Seznam predndsek je uveden niZe.

Uvodni prednasky (Keynote Lectures):

Petr Dolinek (Ceska republika) — Dopravni tunely v Praze

Ing. Viktéria Chomova (Slovensko) — Smluvni vztahy pri
vystavbe slovenskych tunelt

Sgren Degn Eskesen (Dansko, ITA prezident) — Okruzni
trasa metra v Kodani a dal$i danské tunelové projekty

prof. Bai Yun (Cina) — Tuneldfské aktivity v Ciné

Vyzvané prednasky v tematickych sekcich:

Sekce 1 — Konvencné raZené tunely

prof. Wulf Schubert (Rakousko) — RaZby v tektonickych
poruchdch — problémy a feSeni

Martin Knights (Velkd Britdnie) — ZkuSenosti ziskané
z Crossrailu a z dalSich soucasnych londynskych tunelovych
projekta

The preparation of the 13t international conference Underground
Construction Prague 2016 and the EETC 2016 continues as planned.
The total of 225 abstracts from 36 countries were registered at
the conference. Approximately a third of the registered abstracts are
from the CR (85 abstracts), the other registered abstracts are mostly
from European countries, but also from many non-European count-
ries (Algeria, China, Hong Kong, India, Indonesia, Iran, Japan,
Mexico, the USA, e. t. c.). The resultant number of registered
abstracts is higher in comparison with the conferences in 2010 (217
abstracts) and 2013 (178 abstracts), which fact is first of all given by
the high number of abstracts from abroad. We believe that even the
number of submitted papers will be high.

The Keynote Lectures and Invited Lectures were specified at the
end of 2015. From our point of view we have succeeded in provi-
ding very interesting lectures from renowned speakers on
many prestigious international projects. We therefore believe
that the lectures will be sufficiently interesting even for you. The
list of the lectures is presented below.

Keynote Lectures:

Petr Dolinek (the Czech Republic) — Transport tunnels in
Prague

Ing. Viktéria Chomova (Slovakia) — Contractual relationships
for construction of Slovakian tunnels

Seren Degn Eskesen (Denmark, ITA president) — Copenhagen
Metro Circle line and other Danish tunnelling projects

prof. Bai Yun (China) — Tunnelling activities in China

Invited Lectures in thematic sections:

Section 1 — Conventionally excavated tunnels

prof. Wulf Schubert (Austria) — Tunnelling in fault zones - pro-
blems and solutions
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Sekce 2 — Mechanizované raZené tunely

Nasri Munfah (USA) - Tunelovy projekt Alaskan Way:
technické vyzvy a stav vystavby

James Rozek (USA) - Euroasijsky tunelovy projekt
v Istanbulu

Sekce 3 — Ostatni podzemni stavby a iloZisté

Ing. Jan Sochurek, Ing. Daniel Svec (Ceskd republika) —
Prazsky kolektorovy systém

Sekce 4 — Geotechnicky prizkum a monitoring

Steve Parry (Velkd Britdnie) — InZzenyrskogeologicky model
a jeho vliv na pifpravu a vystavbu velkych stavebnich projekta

prof. Adam Bezuijen (Belgie) — Monitoring tlaku
a deformaci okolo TBM

Sekce 5 — Numerické modelovdni, vyvoj a vyzkum

prof. Robert Galler (Rakousko) — DRAGON - tunelovani
efektivni na zdroje s vyuzitim technologif online

prof. Giulia Viggiani (Itdlie) — Um¢lé zmrazovani zemin:
inzenyrské aplikace, testovani a modelovani

Sekce 6 — Vybavent, bezpecnost provozu a vdrzba

Bernhard Kohl (Rakousko) — Zavery nové zpravy PIARC
nazvané ,,ZkuSenosti s vyznamnymi havdriemi v silni¢nich
tunelech®

Sekce 7 — Rizika, smluvni vztahy a financovdni

Heinz Ehrbar (Némecko) — Tunelové projekty pro némecké
Zeleznice

Gerhard Harer (Rakousko) — Podchod Suezského priplavu
— limitn{ tunelovani v zemindch

Sekce 8 — Historickd podzemni dila a rekonstrukce

Valery Chekanau (Bélorusko) — Metro v Minsku — minulost
a budoucnost

Veskeré informace o konferenci jsou dostupné na webovych
strankdch www.pspraha.cz (¢esky) a www.ucprague.com (ang-
licky). Standardni registrace déastniku a doprovodnych
osob na konferenci bude ukonéena 31. 3. 2016, nasledné je

mozné vyuZzit pozdni registrace za zvySeny poplatek. Tésime
se na Vasi ucast.

doc. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz
predseda védecké rady konference PS 2016

CINNOST SEKCE TUNELY CSS V ROCE 2015

Breznové jednani Sekce tunely se konalo 18. 3. 2015 v sidle
spole¢nosti ELTODO a.s. Ucastnikiim jednéni pfineslo prehled-
nou informaci o zahdjené vystavbé tunelovych dsekl pozemnich
komunikaci na tzemi Slovenské republiky. Jedndni se ddle
zabyvalo informacemi o dokoncovaném projektu HADES MD
vy technickych podminek MD pro fizeni provozu v tunelech sil-
nic a ddlnic CR a o pravé dspésné provedené tpravé technolo-
gického vybaveni Pisdreckého tunelu VMO Brno.

Pfi jednéani sekce 17. 6. 2015 na Novotného lavce sezndmil
pan tajemnik CSS Ing. Vacek s pribéhem mimofédného sjezdu
CSS, vysledky hospodareni CSS za rok 2015 a nidvrhem progra-
mu a hospodareni Css pro rok 2015. Novym predsedou sekce
CSS byl za piitomnosti predsedy CSS pana prof. Lehovce fadné
zvolen pan Ing. Hordk, freditel spole¢nosti AMBERG
Engineering Brno, a.s. Utastnici jedndni byli déle obeznameni
s Uspé€$nym prabéhem pruzkumnych praci na hlavnim tunelo-
vém tseku Radlické radidly v Praze. Ing. Sajtar sdélil fakta
o priprave zahdjeni provozu na tunelu Blanka MO Praha.

TuouHel

Martin Knights (Great Britain) — Lessons learned from
Crossrail and other current London tunnelling projects

Section 2 — Mechanically excavated tunnels

Nasri Munfah (the USA) — The Alaskan Way Tunnel Project:
Technical Challenges and Construction Update

James Rozek (the USA) — Istanbul’s Eurasia Tunnel Project

Section 3 — Other underground structures and repositories

Ing. Jan Sochiirek, Ing. Daniel Svec (the Czech Republic) —
Prague system of collectors

Section 4 — Geotechnical investigation and monitoring

Steve Parry (Great Britain) — Engineering geological model and
its impact for preparation and construction of large-scaled engine-
ering projects

prof. Adam Bezuijen (Belgium) — Monitoring pressures and
deformations around a TBM

Section 5 — Numerical modelling, development and research

prof. Robert Galler (Austria) - DRAGON - Resource-efficient
tunnelling using online technologies

prof. Giulia Viggiani (Italy) — Artificial Ground Freezing: engi-
neering applications, testing and modelling

Section 6 — Equipment, operational safety and maintenance

Bernhard Kohl (Austria) — Findings from the new PIARC
Report “Experience with significant incidents in road tunnels”

Section 7 — Risk management, contractual relationships and fun-
ding

Heinz Ehrbar (Germany) — Tunnelling Works for the German
Railways

Gerhard Harer (Austria) — Suez Canal crossings — soft ground
tunnelling at the limits

Section 8 — Historical underground structures and reconstruc-
tions

Valery Chekanau (Belarus) — Minsk metro — past and future

All information on the conference is available on web pages
www.pspraha.cz (in Czech) and www.ucprague.com (in English).
The Standard registration of conference attendees and accom-
panying persons to the conference will be terminated on
31/03/2016; the subsequent delayed registration is possible for
an increased fee. We are looking forward to your presence.

doc. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz
Chairman of the UC 2016 Conference Scientific Council

Prof. Bartdk a Ing. Vintera se vénovali prubéhu Svétového tune-
larského kongresu v Dubrovniku.

Dne 16. 9. 2015 probéhlo jednani Sekce tunely CSS ve spo-
le¢nosti PRAGOPROIJEKT a.s. Pfitomni byli sezndmeni se sou-
¢asnym stavem ndvrhu vedeni prvnich ¢asti trasy dédlnice D3 na
tzemi StfedoCeského kraje. Ndvrh trasy predpoklddd vystavbu
osmi tunelovych tseku. Zdstupci spole¢nosti PRAGO-
PROJEKT a.s. rovnéZz sezndmili dCastniky jedndni s pripravou
umisténi fizeni budouciho provozu dokoncovaného tseku dél-
nice D8 0805 pies Ceské stiedohoii do stavajiciho fidiciho stie-
diska Rehlovice.

Dne 3. 12. 2015 probéhlo jedndni Sekce tunely CSS tradi¢né
ve spolecnosti METROPROJEKT Praha a.s. Jednani se poprvé
ucastnili pan plk. Ing. Pliska a Ing. Jaroslav Novédk — nove pove-
feni zastupci pro spolupraci HZS a odboru pozemnich komuni-
kaci MD CR na &innostech sekce. Uastnici jedndni byli seznd-
meni s informacemi o pribéhu Ceské tcasti na Svétovém silni¢-
nim kongresu v Soulu, o prezentaci tunelt na Silni¢ni konfe-
renci 2015 v Plzni a na konferenci Tunely a podzemné stavby
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v Ziling, ddle o prvnich zkugenostech z provozovéni tunelového zejména na naplni ¢. 3, které ma byt vénovano tunelovym use-

komplexu Blanka MO Praha a o ¢eské ucasti na jedndni spolec- kim na pozemnich komunikacich.

nosti COSUF v Hamburku. Posluchac¢i byli také seznameni Rok 2016 bude vstupnim rokem pro dalsi ¢tyfleté obdobi spo-

s dalSim postupem pripravy smérnice MD pro fizeni dopravy, luprace ¢lenu Sekce tunely na ¢innostech Svétové silniéni spo-

provozovani a Udrzby v tunelech silnic a s dokonc¢enim praci na le¢nosti PIARC v obdobi 2016-2020. Pro spoluprici s vyborem

pruzkumné $tole pro hlavni tunel Radlické radidly v Praze. TC D 5.5, ktery se bude zabyvat tunely na pozemnich komuni-
Plan ¢innosti Sekce tunely CSS na rok 2016 kacich, byli delegaity za CR nominovéni prof. Pribyl jako fadny
Také v roce 2016 bude pokracovat ¢innost Sekce tunely CSS ¢len a Ing. Sajtar a doc. Apeltauer jako dopisujici ¢lenové.

jak jednanim pldnovanym v prvnim pololeti roku na terminy 16. 5

3.a 15. 6. 2016, tak i spolupraci s Casopisem Silni¢ni obzor, Ing. JIRI SMOLIK
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Vystavba metra V.A (Dejvicka-Motol), Praha
stanice Nemocnice Motol

Postavili jsme pro vas nové metro

Specializace na razené i hloubené podzemni stavby je nasi nosnou technologii. Disponujeme tymem zkuSenych
technikd a mame potfebné vyrobni kapacity umoznujici optimalizaci vasich projektd podle poslednich technologickych
poznatkl. Své zkuSenosti jsme upevnili a rozsifili na fadé vyznamnych a technicky naroc¢nych tunelovych projekt,
mezi které patfi i realizace stanic Nemocnice Motol a Borislavka a ¢asti tratovych tunell v ramci projektu prodlouzeni
trasy metra V.A v Praze.

HOCHTIEF CZ a. s.
Plzeriska 16/3217
150 00 Praha 5

tel.: +420 257 406 000 HOCHT' EF

www.hochtief.cz
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Geotechnicky pruzkum
a monitoring
podzemnich staveb

Inzenyrskogeologické a hydrogeologické
pruzkumy

* liniové stavby
* inzenyrske stavby

* podzemni stavby

Geotechnika
* polni a laboratorni zkousky
» geotechnické posudky
» stabilita svahu
« sedani podlozi
» diagnostika staveb
» stavebné technické pruzkumy

« pasportizace staveb

Monitoring podzemnich staveb
* vedeni geotechnického monitoringu
+ geologické sledovani a dokumentace razeb

+ bezpecCnostni méreni (konvergence a
extenzometrie)

* meérfeni a sledovani povrchu a nadzemni
zastavby

* geoelektricke korozni méreni

ry ¥

Silnicni a Méstské inzenyrstvi Vodohospodarskeé Podzemni stavby Konstrukce a inZenyrské
dopravni projekty projekty stavby
Diagnostika staveb a Zivotni prostfedi InZenyrska &innost Geologie a geotechnika

monitoring pfi vystavbé

PUDIS a.s.
Nad Vodovodem 2/3258, 100 31 Praha 10
tel.: +420 267 004 111
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