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EDITORIAL EDITORIAL

Statistiky nehod na nasich silnicich ukazuji, Ze jsme trvale na jednom z pfednich Statistics of accidents on our roads suggests that we have permanently been occupying one
mist mezi evropskymi zemémi, pokud se tykd relativntho poctu usmrcenych osob. of the top positions among European countries in terms of the relative number of fatalities. In
V dobé psani tohoto pifspévku, v Eervenci, zahynulo za ,rekordni tyden na nagich July, when I was writing this contribution, 17 persons perished on our roads during a ‘record-
silnicich 17 osob. Po prvnim roce od zavedenf bodového systému poéty usmrcenych ~ Dreaking” week. After the first year of the Penalty Point System in force, the numbers of fata-
osob ukazuf, 7e diisledky fatdInich nehod neklesaji a 7e kvalita naSich fidic je 3pat- 1118 ImPly that the consequences of serious accidents have not been alleviated and the quali-

s ¥ DA ek M P P ! ty of our drivers is poor, mainly in terms of the psychical condition, where the frequently exhi-
nd, a to hlavné po psychické strdnce, a Casto predvadénd agresivita jizdy se mdlokdy bited h e of drivine can onl Iy Be seen in West E N B
vidi v zemich zépadni Evropy. ited aggressive style of driving can only rarely be seen in West European countries.

~ : . . L. L, Surprisingly, this behaviour has not been significantly registered in tunnels. It turns out
| Jeaz s podivem, Ze se toto chovan{ priliS neprojevuje v tunelech..,V ramet PrOJEktu within the framework of the projects organised by the Ministry of Transport, where traffic
vedy a vyzkumu ministerstva dopravy, kdy se od roku 2004 sledujf dopravnf excesy  excesses in tunnels in the Czech Republic have been monitored since 2004, that accidents
v tunelech Ceské republiky, se ukazuje, Ze mdlo Casté nehody nejsou doprovdzeny €Z- are quite rare and are not accompanied by serious injuries or fatalities. We may only specu-
kymi zranénimi ani dmrtimi. O tom, pro¢ tomu tak je, se dd pouze spekulovat. Jednim late on the reasons. One of the factors is a certain feeling of submission drivers experience
z faktort je jistd pokora, kterou fidi¢ pocithje pfi jizdé tunelem. Vyzkumy charakteru when passing through a tunnel. The research into the character of driving which was carri-
jizdy v ramei projektu OPTUN ukdzaly, Ze Tidi¢ velmi tizkostlivé drzi stopu vozidla, ed out within the framework of the OPTUN project proved that a driver very anxiously

na rozdil od jizdy na volné komunikaci, a podvédomé jede dale od stény. keeps the correct track of the vehicle, as opposed to driving on an open road, and unwit-
Druhou moznou pii¢inou nizkého poltu nehod je, 7e viechny Ceské tunely jsou  tingly drives at greater distance from the wall. ) )
vybaveny na velmi vysoké trovni. Z hlediska Evropské direktivy 54/2004/ES (0 jed- The other possible cause of low numbers of accidents is the fact that the level of equip-

ment of all Czech tunnels is very high. It is even above-standard in terms of the European
directive 54/2004/ES (on minimum safety requirements for tunnels in the Trans—European
road network). Despite the fact that I was involved in the development of initial standards

o L . . PR for tunnel equipment at the end of the 1990s, I begin to have a feeling that the term “above-
a dodavatelti synonymem ke slovu ,,dokonaly*. BohuZel z hlediska bezpe¢nosti uzi- standard” is becoming for many designers and contractors a synonym for “perfect”.

vateli tunelu tomu tak nenf, anebo nemusi byt. Zkusenosti z desitek mimorddnych  Unfortunately, it is not so or does ot have to be so in terms of tunnel user safety. The expe-
uddlosti ukazujf, Ze poZdr lze likvidovat t€méf vZdy pii jeho vzniku jednoduchymi rience obtained from tens of emergencies has proven that a fire can be nearly always supp-
a dostupnymi hasebnimi prostfedky. Stejn€ tak je zfejmé, Ze prvnf minuty po vzniku  ressed on its discovery, using simple and normally available extinguishers. It is also obvi-
pozdru rozhoduji, zda se GCastnici této udalosti vlastnimi silami zachrdni — mluvi se  ous that the initial minutes after the fire origination are deciding for the participants in the

notné bezpeCnosti na trans-evropskych komunikacich) dokonce nadstandardné.
PiestoZe jsem stdl u tvorby prvnich standardt pro vybavovani tuneld koncem 90. let,
zalindm mit pocit, Ze pojem ,nadstandardni“ se stdvd pro mnoho projektantt

o prvnich Sesti minutdch jako rozhodujicich pro zdchranu osob. emergency, whether they save themselves by their own means; initial 6 minutes are refer-
Zd4a se, Ze je pravé nyni vhodnd doba k revizi mySleni a revizi pristupu  red to as being deciding for rescue of persons.
k bezpecnosti v tunelech. Pokud se 390 metri dlouhy tunel Valik bude vybavovat jako It seems to me that there is the seasonable time just now for reviewing the thinking and

dlouhy tunel nejvy3si bezpenostni kategorie a v tunelu Libouchec (535 m) se bude reviewing the attitude toward the issue of tunnel safety. If the same equipment is designed
snizovat, oproti piisné narodni normé, vzdalenost Gnikovych vychodi na polovinu, je ~ [or the 390m long Valik tunnel as that required for the highest-category long tunnel and the
Zejmé, Ze ceny vybavent tunelii porostou, stejné tak jako jejich slozitost distance between escape exits in the Libouchec tunnel (535m) is reduced to a half of the

A slozitost systému je i pricinou nejenom jeho nizsi spolehlivosti, ale i podstatné vys- dlstancgﬁeqmred by ﬁw strh1r1gent 1r11temat1(;na] stalndard, it is obvious that the cost of equip-
Sich ndroku na dispecery a obsluhujici persondl (nemluvé o provoznich nédkladech). ment Wil rise, a3 well as the compiexity of tunnls.

L oL o I . We know that the complexity of the system is the cause of not only its lower reliability
Analyza historie poZirt v tunelech ukazuje, Ze pozdry vznikajf pravidelne. Napriklad and also higher demands for operators and servicing personnel (let alone the operating

v tuonelu oGot}hard se opakuji s jistou periodicitou, kterd je mezi tfemi az Sesti roky. Jednim costs). The analysis of the history of tunnel fires shows that fires originate regularly. For
z divodi miZe byt to, Ze po mimoiddné uddlosti je i mimofddné aktivnf obsluha tunelu,  instance, in the Gotthard tunnel, they happen again with certain periodicity, which hovers
ale znalosti a pozornost postupné upadajt ... aZ se opét néco stane. Velky vyznam pfi zaji§-  between three to six years. One of the reasons may be the fact that the activity of tunnel ope-
téni bezpeCnosti m4 tedy nejenom technické vybavenf tunelu, ale mimorddny vyznam mé rators is extremely high after an accident, but the knowledge and alertness ebb away ... until
i organizalni zajiSténi provozovéni a informovéni vefejnosti. Hlavni pficinou, Ze pozar something happens again. Therefore, tunnel equipment is not the only highly important fac-
v tunelu Mt. Blanc skongil jak skonil, byly organizatni nedostatky a nekoordinovanost ~tor in terms of the care of safety; exceptionally important is also the organisation of the ope-
¢innosti dvou prakticky nezavislych dispecerskych pracovist'na francouzské a italské stra- ration and information for the public. The main reason why the Mt. Blanc fire ended up as
né. V prvnich minutdch se katastrof& dalo pravdpodobné tpln zabrénit. it did were organisational faults and lack of coordination in operations of two Vmua]ly inde-
pendent management centres on the French and Italian sides. It was probably possible to
completely prevent the catastrophe during the initial minutes.

The idea of the optimisation of tunnel equipment, or optimisation of the minimum equ-
ipment, must be seriously dealt with, in particular in the context of the fact that there are 62
tunnels at the total length of 54 km planned for construction in the Czech Republic. A defi-

Myslenkou optimalizace vybavent, resp. optimalizaci minimalntho vybavent, je
nutné se seriozné zabyvat zvlaité v kontextu toho, Ze je v Ceské republice realizovano
nebo planovano 62 tunelt v celkové délce 54 km. V soucasné dobe se pracuje v rdmci
projektu SAFETUN na definici (ne)vybavovéni krétkych tunelt, kterych je projekto-

vdno okolo tficeti. Stejné tak se pripravuje idea pro ndrodni testovact a zkusebni pra-  yifion is currently being developed within the framework of the SAFETUN project which
covisté pro dispeCery, které by zaruCilo jistou konstantni Groven znalosti obsluh. Treti g (o define the system of (not)equipping short tunnels. About thirty short tunnels are being
oblasti, do které je nutné investovat, je rozvinuti vlastni metodologie analyzy rizik,  designed. In addition, a concept for a national testing and trial workplace for operators,
kterd muZe omezit rizné amatérské dohady, jak by mél byt tunel vybaven. Je nutné which should ensure a certain constant level of knowledge and skills of operating person-
skute¢né nastolit védecky pristup. Ostatné jednu z moznych metod, pouZitou pro ana- nel, is under preparation. The third area which requires some investment is the development
Iyzu prepravy nebezpenych ndkladu v tunelu Sitina v Bratislavé, predstavuje ¢ldnek of a methodology for a risk analysis which can curtail various amateur speculations on the
ing. Rakosnika v tomto &isle. Analyza ukazala, Ze je mnohondsobné bezpetn&jsi pe- manner of the tur)ne] equipmept. It is necessary to pstab]ish a reg] scientific attitude. By the
pravovat nebezpecné ndklady tunelem, neZ zastavénou oblastf ve m&sts. way, one of possible methods is the method used for the analysis of transport of dangerous

loads through the Sitina tunnel in Bratislava, which is presented in the paper by Ing.
Raékosnik in this magazine issue. The analysis proved that it is multiply safer to transport
dangerous loads through a tunnel than through a built-up urban area.

This issue of the magazine is dedicated to the organisations which have their voice in tun-
nel design. PUDIS company, with its 40-year tradition, was involved in the preparation of
all Prague tunnels, and it uses its capacities even for motorway tunnels. It is one of the rea-

Toto ¢islo Casopisu je vénovano organizacim, které maji pravé do problematiky
ndvrhu tunelt co mluvit. Spole¢nost PUDIS se svou 40letou tradici byla u pripravy
vétsiny prazskych tunelt a své kapacity uplatiiuje i u ddlni¢nich tunelt. I proto je zaji-
mavy bilann{ ¢ldnek Od prazské podpovrchové tramvaje k tunelim Slivenec, ktery
seznamuje s geotechnickym prizkumem, tak jak byl provddén v minulych 41 letech

pravé firmou PUDIS. sons why the retrospective paper titled ‘From Prague light rail transit line to tunnels at
Spole¢nost SATRA ziskala cenné zkuSenosti na mnoha tunelech, to pfedznamena- Slivenec’, which acquaints readers with geotechnical survey as it was carried out during the

lo jeji roli generdlniho projektanta stavebni a technologické ¢asti tunelového komple- past 41 years by this PUDIS company.

xu Blanka, coz je bezpochyby velmi vyznamnd dopravni stavba 21. stoleti, jak je SATRA company had obtained precious experience from many tunnel constructions before

i potvrzeno ve stejnojmenném Clanku. Velmi vyznamnymi aktivitami spolecnosti je it became the general civil and systems designer for the complex of tunnels Blanka, which is

i spolupréce s vysokymi Skolami hlavné v oblasti optimalizace ventilace a je nutné se  undoubtedly a very important transport-related construction project of the 21st century, as con-

zminit i 0 mimoF4dné aktivité prace v nékolika vyborech PIARC. firmed even in the paper of the same name. A very important activity of the company is also
Toto &fslo, které dostdvite do ruky, je zajimavé i dalsfmi &lanky, kde bych upozor- co-operation with universities, primarily in the area of optimisation of ventilation. It is neces-

sary to mention even the extraordinary activity of the work in several PIARC committees.
The issue of the magazine you are getting in hand is interesting even owing to other papers,
where I would like to draw your attention to a polemical paper on tunnel construction termi-
nology, because even this terminology is liable to certain changes which must be followed.
There was even a discussion in the Editing Board whether the terminology related to tunnels
vazen should not be issued in an extraordinary supplement, in the form of a monolingual dictionary.
Vim preje . Dear colleagues, I wish you to spend pleasant time with Tunel magazine and many tech-
prof. Ing. Pavel Pribyl, CSc., Fadny profesor na Fakulté dopravni CVUT  pical impulses. Prof. Ing. Pavel PFibyl, CSc.,
Praha, hostujici profesor na Zilinské univerzité v Ziliné,  regular professor at the Faculty of Traffic Engineering of the Czech Technical University
viceprezident spolecnosti ELTODO EG, a. s. in Prague; guest professor at the University in Zilina, vice-president of ELTODO EG, a. s.

nil i na polemicky ¢lanek k tuneldfské terminologii, nebot'i tato terminologie podlé-
hd jistym zméndm, které je nutné sledovat. V redakéni radé Casopisu se dokonce uva-
7ovalo, zda nevydat terminologii vztaZenou na tunely ve zvlastni priloze, a to ve
formé vykladového slovniku.

Vizeni kolegové, pifjemné chvile s Casopisem Tunel a mnoho odbornych podnétu
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VAZENI CTENARI CASOPISU TUNEL,

jsem rdd, Ze se k vdim mohu obrétit a pfipomenout, Ze akciovd spo-
le¢nost PUDIS je zde jiz vice nez 40 let. Je naslednikem Projektového
dstavu dopravnich a inZenyrskych staveb, s. p., ktery byl zaloZen
v roce 1966 v souvislosti se zrodem prazského metra. Mdlokdo si
dnes jiZ vzpomene, Ze v kanceldfich PUDIS byly v Sedesatych letech
minulého stoleti navrZeny i dnes$ni stanice Hlavni nadrazi, Muzeum,
Kacerov a VySehrad.

Ve své historii se firma PUDIS podepsala pod pfipravu staveb
pozemnich i inZenyrskych. Od pocatku existence bylo jeji prednosti,
Ze poskytovala investorim udplné sluzby v celém multiprofesnim
z4béru Cinnosti, které jsou s pripravou velkych stavebnich celku své-
zany. Z této tradi¢ni vyhody Cerpa spole¢nost stile. Provadénou kon-
zultacni ¢innost Ize proto opirat o zkuSenosti a odbornosti v oblasti
geologie, geotechniky, inZenyrské ekologie a Zivotniho prostredi,
které poskytuji nezbytné podklady skupindm odbornych projektanta
ve vSech profesich. Pracovni tymy pritom zdrocuji historicky ziska-
nou dokonalou znalost prazského prostredi. Na tzem{ hlavniho mésta
jsou také zaméfeny hlavni aktivity spoleénosti.

Prevlddajici zaméfeni PUDIS bylo vZdy na stavby pro automobilo-
vou dopravu. Dopravni stavby — to jsou v dne$ni dobé i tunely. Nikdo
se nedivi tunelim na Zeleznici, jsou tady jiz z pfedminulého stoleti.
Rovnéz tak kazdy bere jako samoziejmost, Ze prazskému podzemi
dominuji tunely metra. Automobilovym tunelim vSak prazskd kotlina
dlouho prili§ neprila.

Nejstar$i automobilovy tunel v Praze byl proraZen pod skalnim
ostrohem Vysehradu v roce 1905. Na dalsi automobilovy tunel si
Prazané pockali dlouhych 48 let, v roce 1953 byl zprovoznén tunel
pod Letnou. Po dal§ich 27 letech, v roce 1980 to byl tunel Té€$novsky.
Devadesata 1éta minulého stoleti vSak odstartovala novodobou histo-
rii prazskych tuneld. Zagind postupné naplnovdni smélého tzemniho
pldnu, ktery s tunelovymi stavbami pocitd jako se zdkladnim ndvrho-
vym prvkem komunikaéni sité. V roce 1997, tedy po 17 letech od
zprovoznéni Tésnovského tunelu, byl otevien Strahovsky tunel. Ddle
se jiz Cetnost dokoncovani tunelovych staveb zahustuje. Po pouhych
5 letech byl zprovoznén tunel Zlichovsky a jiz jen dva roky nato,
v roce 2004, to byl tunel Mrazovka. A dnes? Rozestavény jsou tune-
ly Blanka, Komorany, Lochkov a pripravuji se dalsi.

S odkazem na uvedeny vycet mohu bez nadsézky fici, Ze spolec-
nost PUDIS byla u pfipravy a realizace vSech prazskych automobilo-
vych tuneld, které se pripravovaly nebo stavély za dobu jeji existen-
ce. Bylo to ve funkci generdlniho projektanta (Té$nov, Strahov,
Mrézovka) nebo byl PUDIS soucdsti projektového tymu (Blanka,
Komorany) nebo se podilel pri piipravé a realizaci formou prizkuma
¢i monitoringu (Lochkov).

Doplnime-li dal$i mimoprazské akce, kde PUDIS uplatnil své
kapacity (tunely Panenskd, Libouchec, Prackovice) ¢i které jsou
pravé ve fazi pripravy dokumentace pro tzemni rozhodnuti (tunely
Radlice, Jinonice, Butovice) a dal3i aktivity pfi monitoringu kolekto-
ra &i pii zajiStovani programu podzemniho parkovdni, je zfejmé, Ze
PUDIS je pevné zafazen mezi firmy, které maji k podzemnimu inZe-
nyrstvi co fici.

Opréavnéné ndroky verejnosti na zvySeni ochrany Zivotniho prostre-
di podzemnimu stavitelstvi pfeji, budoucnost mést je v rozvoji pod-
zemniho urbanismu. Na prahu tretiho tisicileti, ve ¢tvr-
té dekdd¢ své existence, je spole¢nost PUDIS ve velmi
dobré kondici a je pripravena tyto spoleCenské vyzvy —
podporit.

Y
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DEAR READERS OF TUNEL,

I am very happy that I can use this opportunity and address you by bringing
back to your mind the fact that PUDIS a. s. has been here over 40 years. It is the
successor of the Projektovy Ustav Dopravnich a Inzenyrskych Staveb,
s. p. which was founded in 1966 in the context of the birth of the Prague Metro.
Few can today remember that it was in the office rooms of PUDIS where today-
’s Hlavni nddrazi, Muzeum, Kacerov and Vysehrad stations were designed in the
1960s.

In its history, PUDIS signature was put under planning documents for buil-
dings and civil engineering structures. The best quality of the company since the
beginning of its existence has been the fact that it provided the clients with the
full scope of services covering the multi-profession range of activities associated
with the planning of large construction projects. The company has been using this
traditional advantage till now. The consultancy activities can be, therefore, bac-
ked by the experience and expertise gained in the fields of geology, geotechnics,
engineering ecology and environment, which provide the data necessary for
teams of designers skilled in all professions. The working teams benefit from the
perfect knowledge of the Prague environment, which was gathered in the histo-
ry. It is also why the main activities of the company are focused on Prague.

The prevalent concern of PUDIS has always been centered on projects for
automobile transportation. Tunnels today also belong among transport-related
projects. Nobody wonders about tunnels on railways — they have been here since
the century before last. Similarly, everybody considers the fact that the Prague
underground space is dominated by the Metro to be a commonplace. On the other
hand, automobile tunnels were not much favoured in the Prague basin, for a long
time.

The oldest automobile tunnel in Prague was driven under the rock buttress of
Vysehrad in 1905. Prague citizens had to wait long 48 years to see another auto-
mobile tunnel; the tunnel under Letnd was commissioned in 1953. The Té$nov
tunnel was opened to traffic after other 27 years. The 1990s, however, started the
new time history of Prague tunnels. The gradual implementation of the bold town
planning scheme, which banks on tunnel structures to become the basic element
of the road network design, commenced. The Strahov tunnel was commissioned
in 1997, 17 years after the opening of the TéSnov tunnel to traffic. Then the fre-
quency of tunnel completion events started to increase. The Zlichov tunnel was
opened after a mere 5 years, followed only two years later, in 2004, by the
Mrézovka tunnel. How about today? The Blanka, Komorany and Lochkov tun-
nels are under construction and others are being planned.

With reference to the above summary, I can state without exaggeration that
PUDIS participated in the planning and implementation of all Prague automobi-
le tunnel projects which were prepared or implemented during the course of its
existence. It was in the position of either the general designer (the TeSnov,
Strahov and Mrdzovka tunnels) or a member of the project team (the Blanka and
Komorany), or the company participated in the planning and implementation
phase by carrying out surveys or monitoring (the Lochkov tunnel).

‘When we add other activities carried out outside Prague, where PUDIS used
its sources (the Panenskd, Libouchec and Prackovice tunnels) or which are cur-
rently in the phase of preparation of the design documentation for issuance of
zoning and planning decision (the Radlice, Jinonice and Bucovice tunnels) as
well as utility tunnel monitoring activities or implementation of underground par-
king programmes, it becomes obvious that PUDIS firmly belongs among the
companies which are fully competent in the field of underground engineering.

The legitimate requirements of the public for increased environmental protec-
tion are favourable for underground engineering. The future of cities lies in the

development of the subsurface urbanism. On the threshold of
the third millennium, in the fourth decade of its existence,
PUDIS is in very good condition, ready to support these social
challenges.

ING. ALES MERTA

Predseda predstavenstva a generalni reditel PUDIS, a. s.
Chairman of the Board of Directors and C.E.O. PUDIS a. s.
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VAZENI CTENARI,

je to nyni 3,5 roku od chvile, kdy jsem vam predstavoval ¢islo Casopisu Tunel véno-
vané spolecnosti SATRA, spol. s r. 0. NaSe spolecnost md jiZ stabilni pozici na trhu kon-
zultanich a projektovych firem, a proto jisté nenf tfeba zabyvat se podrobné historif
jejtho vzniku. Réd bych se zminil o vyvoji, kterym SATRA prosla v poslednich letech.

Od srpna 2004 je v provozu tunel Mrazovka na Méstském okruhu v Praze. V mnoha
smérech zlomovy projekt, pro ktery jsme zpracovévali ve vech stupnich projektovou
dokumentaci raZenych objekti, kompletniho technologického vybavenf a zajistén{ nad-
zemni zdstavby. Cenné zkuSenosti z piipravy, realizace i prvnich mésici provozu jsme
ddle zdrogili na dalSich dopravnich tunelovych stavbach. Projekty riizného rozsahu
a stupné jsme zpracovdvali mimo jiné pro Radlickou a Bfevnovskou radidlu
a Libenskou spojku na siti hlavnich komunikac{ v Praze nebo pro tunely Dobrovského
v Brné. Podileli jsme se na zpracovéni technologické ¢asti dokumentace pro stavebni
povoleni stavby 513 v jizni Casti silnicniho okruhu kolem Prahy. Nelze opomenout
pusobeni nafich odbornikui v pozici supervizort tunelovych staveb na III. tranzitnim
koridoru v tiseku Krastkov — Zdbteh na Moravé a pii méfeni pomérnych deformact
v sekunddrnim osténi na vét§iné tunelt realizovanych v Ceské republice od roku 2004.

Veskeré své schopnosti, znalosti a zkuSenosti, ziskané nejen na Mrdzovce, ale i na
fad€ jinych akef, uplatiujeme pfi prici na projektu tunelového komplexu Blanka
v Praze. Usek Meéstského okruhu predstavuje podzemni dilo, které je rozsahem
a vyznamem srovnatelné asi jen s prvnimi provoznimi tseky prazského metra. Celkem
5.5 kilometru raZenych a hloubenych tuneld, objekty technologického zdzemi, pod-
zemnich parkovist, navazujici tpravy prilehlého parteru — to vie vyZaduje komplexn{
pristup i smysl pro detail. Pfiprava stavby takového charakteru a rozsahu na samé hra-
nici historického centra mésta znamend vzdy zna¢né naroky na koordinaci a organizaci.
Pii hloubeni jam v bezprostiednim sousedstvi budov a samoziejme pii razbé pod
zdstavbou a piirodni pamdtkou Krélovska obora je nezbytny systém monitoringu stejné
jako dusledna aplikace observacni metody. Prvni prdce zahdjila nase firma na této Césti
MO koncem 90. let a nyni je nejen generdlnim projektantem stavebni a technologické
Casti, ale také koordinatorem celého souboru staveb MO v useku Malovanka — Pelc-
Tyrolka.

Uvédomujeme si, 7e naSe prace md i dnes, tak jako vZdy v minulosti, celou fadu ved-
lejsich aspektl. Projektovat znamend také zndt Siri souvislosti, uvédomovat si véci
minulé i mozny budouci dopad nasich rozhodnuti. Proto nechdpeme tuto préci jen jako
pouhy obchodni pfipad, kde je vztah mezi projektantem a klientem redukovén pouze na
vztah mezi proddvajicim a nakupujicim. Filozofie spolecnosti SATRA je od jejiho zalo-
Zeni postavena na chdpani projektovych a konzulta¢nich sluzeb jako procesu, ve kterém
jsou vSechny zi¢astnéné subjekty v pozici rovnocennych partnert, a proces samotny je
cestou od prvnich ideji k dspéSnému zprovoznéni stavby. Nasim cilem neni odevzdat
projekt, ale uvést v Zivot dilo, které po celou dobu své Zivotnosti spolehlivé slouZzi
svému tcelu. Svym klientim nabizime projekty zohledfiujici nejen vysoké technické,
ale také efektivné ekonomické fesenf Setrné k Zivotnimu prostredi.

Cinnost spole¢nosti SATRA se v poslednich letech rozsifila i do dalsich oboru. Je to
predevsim vyzkum a vyvoj v oblastech bezprostfedné souvisejicich s na$im profesnim
zaméfenim, a to zejména s bezpecnosti provozu v tunelovych stavbach. Zabyviame se
nejen rizikovou analyzou silni¢nich tuneld, ale také modelovdnim provozniho
a pozdrniho vétrdni nebo hodnocenim existujicich stavebnich konstrukef.
Spolupracujeme s pracovisti CVUT v Praze a VUT v Brné stejné jako s dalsimi sou-
kromymi subjekty v oboru.

Dalsi slozkou nasi préce je pestra publikacni ¢innost. Ta zahrnuje mimo jiné audio-
vizudlni dila pro informacni centra nebo ocenované odborné publikace z oboru pod-
zemniho stavitelstvi. Také u téchto praci vzdy akcentujeme profesiondlni Groven formy
i obsahu. Jsme spravcem informa¢niho portdlu Tunelového komplexu Blanka
(www.TUNELBLANKA .cz) a zajiStijeme zpracovani informacnich materidlti o stavbé
véetné podpory tiskového servisu pro novinare.

Nedlouho po vydéni &isla Casopisu Tunel 1/2004 byla zahdjena piiprava svétového
tuneldrského kongresu WTC ITA/AITES 2007. Je tak trochu symbolické, 7Ze ,,nase*
¢islo ndsleduje nedlouho po tspesném zavrseni tifleté pripravy konference. Od pocatku
jsme byli aktivné zapojeni do Cinnosti pfipravného vyboru, védecké rady i jednotlivych
tematickych skupin programu konference. Vyznamny byl podil na piipravé workshopu
pro mladé geotechniky a také priprava, sestavenf a vydani publikace Podzemn{ stavi-
telstvi v Ceské republice, kterd byla v anglické verzi ur¢ena pro tcastniky kongresu.

Za poslednf tfi roky prola nase projektovd a konzultacni spolecnost SATRA dal3im
vyvojem. Roziifila svou ¢innost za hranice Ceské republiky, upevnila pozi-
ci na trhu a doplnila portfolio nabizenych sluZeb o fadu oboru. Ale v jédru
progresivné rostouct firmy jeji klienti nalézaji stale stejnou filozofii.

Véifm, Ze tomu tak bude i naddle.

P 7%
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DEAR READERS,

It has been 3.5 years since the time when I wrote the editorial to the issue of Tunel magazine which
was dedicated to SATRA, spol. s r.0. Our company has its position in the consultancy and construction
design market stabilised and it is therefore unnecessary to deal with the history of its origination in detail.
1 would like to mention the development which SATRA has undergone during the recent years.

August 2004 saw the event of the opening of the Mrdzovka tunnel on the City Circle Road in Prague to
traffic. It was, in many respects, a crucial project for which our company carried out all stages of design
documents covering the mined structures, all tunnel equipment and stabilisation of existing buildings. The
precious experience we had obtained during the planning, implementation and initial months of operation
of this tunnel was invaluable for us on other transport-related tunnel construction projects. We carried out
designs of various extent and for various design stages, among other for the Radlice and Brevnov radial
roads and the Liben connecting road within the network of major roads in Prague or for the Dobrovskéhu
tunnel tubes in Brno. We participated in the work on the technological part of the final design for con-
struction lot 513 found in the southern part of the Prague City Ring Road. I must not forget to mention the
activities of our professional staff in positions of supervisors at the tunnel constructions on the 3rd railway
transit corridor, in the section between Krasikov and Zdbreh na Moravé, and at the measurements of rela-
tive deformations in the secondary lining of most of the tunnels built in the Czech Republic since 2004.

Currently we are using all our skills, knowledge and experience gained not only at the Mrdzovka tun-
nel but also at other projects, during our work on the design for the complex of tunnels Blanka in Prague.
This section of the City Circle Road (CCR) represents an underground engineering project which is com-
parable in terms of its extent and importance probably only with the initial operating sections of the
Prague Metro. The project consisting of 5.5km of mined tunnels and cut-and-cover tunnels, facilities for
technical services, underground parking facilities and the related construction work in the adjacent stre-
et level — all of this requires not only a complex approach but also the sense of detail. Planning for
a project of such character and extent, which is to be implemented on the border of the historic centre of
a city, is always associated with extreme requirements for coordination and organisation. A monitoring
system as well as consistent application of the observational method are a prerequisite for the excavati-
on of trenches in the close proximity of buildings and, of course, during the excavation of tunnels under
existing buildings and the natural monument of Krdlovskd Obora. Our firm started the initial work on
this part of the CCR at the end of the 1990s and now it is the general designer for both the civil works
and mechanical and electrical works, but it is also the coordinator of the entire complex of the CCR struc-
tures within the section between Malovanka and Pelc Tyrolka.

We realise that our work has even today, as it always had in the past, a number of secondary aspects.
The process of designing also requires knowledge of wider relationships, awareness of past things and
possible future consequences of our decisions. We, therefore, do not perceive this work only as a mere
business transaction where the relationship between the designer and the client is reduced only to
a relationship between a seller and buyer. The philosophy of SATRA has been based, since the founda-
tion of the company, on the approach where the design and consultancy services are considered to be
a process in which all participating subjects are in the position of equals and the process itself is the path
from initial ideas to the successful completion of the construction. Our aim is not the act of final accep-
tance of the work by the client. Our aim is to complete a project which will reliably serve its purpose
throughout its lifetime. Our clients are offered designs which guarantee not only high engineering level
but also effectively economic, environmentally friendly solutions.

The activities of SATRA have expanded even into other fields in the recent years, above all into rese-
arch and development in the areas which are closely associated with our profession, first of all the safe-
ty of traffic in tunnels. We deal not only with risk analyses of road tunnels but also with modelling of
operating and fire ventilation systems or assessment of existing structures. We collaborate with work-
places of the Czech Technical University in Prague and Technical University in Brno, as well as other
private subjects active in the industry.

Another element of our work is the chequered publication activity. It covers, apart from others, audi-
ovisual work for information centres or technical publications from the field of underground enginee-
ring, which are positively recognised by the professional public. We put stress on the professional level
of the form and content even in the cases of technical publications. We are the administrator of the infor-
mation portal for the complex of tunnels Blanka (www.TUNELBLANKA cz) and we take care of the
issuance of construction information documents, inclusive of the press service.

The preparation of the ITA-AITES World Tunnel Congress 2007 started shortly after the Tunel
1/2004 issue of Tunel magazine had been published. It is a little symbolic that “our” issue follows not
long after the successful conclusion of the three-year period of the conference preparation. We were acti-
vely involved in the work of the steering committee, scientific council and individual conference pro-
gram thematic groups from the very beginning. Our portion of the work on the preparation of the works-
hop for young geotechnicians was significant, as well as the preparation, compilation and publication of
the book Underground Construction in the Czech Republic, which was issued in English for the atten-
dees of the Congress.

During the course of the recent three years, our design and consultancy company SATRA has passed
through further development. It has expanded its activities beyond the border of the Czech Republic, sta-
bilised its market position and diversified the portfolio of its services into new fields.
But, in the core of the progressively growing company, our clients can find our philo-
sophy unchanged.

I believe that it will be so even in the future.

~——

ING. LUDVIK SAJTAR

Feditel spolecnosti SATRA, spol. s r. 0.
Director of SATRA, spol. s t. o.
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TUNELOVY KOMPLEX BLANKA - MIMORADNA STAVBA
NOVEHO STOLETI

THE BLANKA COMPLEX OF TUNNELS - THE EXTRAORDINARY
CONSTRUCTION PROJECT OF THE NEW CENTURY

PAVEL SOUREK, ALEXANDR BUTOVIC, JOSEF DVORAK (1), FRANTISEK POLAK, LUDVIK SAJTAR

ovob

Nejvétii podzemni stavbou budovanou v soucasné dobé v Ceské
republice je tunelovy komplex Blanka v Praze. Tato rozsdhla stavba
je realizovdna v rdmci vystavby severozdpadni Cdsti Méstského
okruhu, dsek Malovanka — Pelc-Tyrolka, jehoZ celkova délka Cini
6,382 km, délka samotné tunelové ¢dsti pak dosahuje tdctyhodnych
5,5 km. Po svém zprovoznéni doplni provozovanou jihozdpadni ¢ast
okruhu délky cca 17 km s tunely Zlichovskym, Mrdzovkou
a Strahovskym.

Budovany tsek Méstského okruhu hlavniho mésta Prahy prochézi
urbanizovanym prostiedim stfedni ¢dsti mésta na hranici historické-
ho jadra a rovnéZ prostorem chrdnéné prirodni pamdtky Krdlovska
obora. Jiz poc¢atkem 90. let minulého stoleti, kdy probihaly studijni
prdce na trasovani a ndsledné vybér varianty vedeni této Césti okru-
hu, bylo jasné, Ze prevdZnou &dst stavby bude tieba vést v tunelech
budovanych jednak z povrchu, ale z velké ¢asti i razenych, aby vliv
vystavby a predevs§im pak provozu na vzniklé kapacitni komunikaci
zpusobil minimdlni zdsah do svého okoli. Tak vznikl souvisly tune-
lovy komplex Blanka zahrnujici, mezi kfiZzovatkou Malovanka
u severniho portdlu Strahovského tunelu a kfizovatkou Tréja
u nového trojského mostu pres Vltavu, tfi tunelové dseky na sebe ply-
nule navazujici.

Tnelovy usek rélovské obora
Krélovska Obora Tunnel Section

Tunelovy tsek Brusnice
Brusnice Tunnel Section

Kfizovatka Pra§ny most
Prasny most Intersection

Kfizovatka Malovanka
Malovanka Intersection
Obr. 1 Situace tunelového komplexu Blanka
Fig. 1 Plan view of the complex of Blanka tunnels

Tunelovy dsek Dejvice
Dejvice Tunnel Section

INTRODUCTION

The largest tunnelling project which is currently being implemented
in the Czech Republic is the complex of tunnels labelled as Blanka.
This extensive construction consists of the section of the north-western
part of the City Circle Road project (an inner ring road) in Prague bet-
ween Malovanka and Pelc Tyrolka; the total length of this section is
6,382m, with the aggregate length of mined sections reaching conside-
rable 5.5km. The opening of Blanka to traffic will mean an addition of
about 17km of the road comprising the Zlichov, Mrdzovka and Strahov
tunnels to the currently operating south-western part of the Circle Road.

The section of the City Circle Road which is under construction pas-
ses through an urbanised environment in the central part of the city, on
the border of the historic core, and crosses, among other areas, the area
of Kralovskd Obora (Royal Deer Park, a preserved natural monument).
It was obvious as long ago as the beginning of the 1990s, when the
work on the project studies was in progress and the variant of the route
of this part of the Circle Road was being selected, that a major part of
the route must run underground, through tunnels, both cut-and-cover
and mined (a significant part) so that the influence of the construction
operations and, above all, of the traffic on the capacity road which will
originate was minimised. This is how the uninterrupted complex of tun-
nels Blanka originated. It contains three tunnelled sections smoothly

L _‘ Kfizovatka Troj i i
== Troja Intersection (g : :
L Kfrizovatka Pelc Tyrolka .

= Pelc Tyrolka Intersection §

Trojsky most 1
Troja Bridge

& Povrchové stavby

Surface Structures
= P .
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V poradi od jiZ provozované zapadni Casti Méstského okruhu jsou to:

Tunelovy usek Brusnice vede od severniho portdlu Strahovského
tunelu ve stopé ulice PatoCkovy nejdrive hloubenymi tunely. Za
kfizovatkou s ulici Myslbekova vstupuje trasa do raZeného dseku,
ktery kon&i pred krizovatkou Pra$ny most, kde jiZz pokracuji opét
tunely hloubené. Celkovd délka tseku je 1,4 km, z toho je 550 m
razenych.

Tunelovy tsek Dejvice zalind v mimotroviiové kfiZovatce
Prasny most a pokracuje v celé délce hloubenymi tunely ve stopé
tiidy Milady Hordkové az do prostoru budouci mimotroviiové kfi-
zovatky U Vorliku. Celkové délka dseku je 1 km.

Tunelovy udsek Krélovskd obora pokraluje od kfizovatky
U Vorlika nejdfive kratkym hloubenym tsekem na Letné, na ktery
navazuje raZeny dsek vedouci smérem pod zdstavbu, Stromovku
(Krélovska obora), plavebni kandl, Cisarsky ostrov, Vltavu a potom
dal$im hloubenym udsekem aZz k trojskému portdlu. Celkova délka
useku je 3,09 km, z toho je 2230 m raZenych.

Délka celého tunelového komplexu je 5502,20 m v severni tune-
lové troubé a 5489,14 m v troub¢ jizni. Celkovd délka vSech raZe-
nych tunelovych trub dosahuje 5,54 km, celkovd délka vSech tune-
lovych trub hloubenych je 6,60 km. Po zprovoznéni, které je pred-
pokladéno na rok 2011, tak vznikne nejdelsi tunel v Ceské republi-
ce, ktery prekond vSechny stdvajici vice neZ dvakrat. Projektantem
celého tunelového komplexu jsou SATRA, spol. s r. 0., PUDIS,
a. s., a METROPROIJEKT, a. s., pficemZ SATRA je zdroven koor-
dindtorem celého souboru staveb tohoto tseku méstského okruhu.
Jako zhotovitel stavby byla vybrdna a. s. Metrostav, zhotovitelem
technologické &asti je CKD DIZ, a. s. Celkové investi¢ni naklady
stavby byly projektem stanoveny na cca 25 mld. K¢.

SMEROVE A SKLONOVE VEDENI

Trasa komunikace je v celé délce vedena jako striktné smérové
rozdélend se samostatnym dvou- aZ tfipruhovym tubusem
v kazdém sméru. Vyskové trasa tunelt klesd v celé délce od kfizo-
vatky Malovanka az pod Vltavu, odkud stoupa k trojskému porta-
lu. Maximdlni podélny sklon dosahuje 5 %. Rozdil nivelet mezi
nejvyss$im a nejniZ§im mistem tunelu je 113,5 m. Nejmensi hodno-
ta poloméru smérového oblouku hlavni trasy &ini 330 m. Sitka
jizdnich pruha v celém udseku je 3,5 m, vyska prujezdného profilu
4,8 m. Ndvrhova rychlost je stanovena na 70 km/h.

GEOLOGICKE POMERY

Geologické podminky celé stavby jsou pomérné slozité a dosti
proménlivé. Trasa tunelt leZi v tzv. prazské panvi, dil¢im sedi-
mentaénim prostoru rozsdhlého barrandienského synklinoria,
v némz je skalni podloZi tvofeno zvrdsnénym komplexem aleuro-
pelitickych bfidlic, drob, piskovct a kiemenct ordovického stédri.
Hlavni zastoupeni maji vrstvy letenskych bfidlic monoténniho
i flySového vyvoje. V piipadé monoténniho vyvoje se jednd
o piscité a prachovité bridlice jemné az hrubé slidnaté a tlusté des-
kovité vrstevnaté s malou odolnosti proti zvétravani. V pripadé
flySového vyvoje se jednd o pisCité a drobové bridlice s vlozkami

Obr. 3 Trida Milady Hordkové — soucasny stav
Fig. 3 Milady Hordkové Street — the current state

Obr. 2 KriZovatka Malovanka — soucasny stav
Fig. 2 Malovanka intersection — the current state

linking each other between the Malovanka intersection at the northern
portal of the Strahov tunnel and the Tréja intersection at the new Tréja
Bridge over the Vltava River. The order of the sections, viewed from
the western part of the Circle Road which has already been in service,
is as follows:

The Brusnice tunnel section starts at the northern portal of the
Strahov tunnel and proceeds, first in the form of cut-and-cover tunnels,
within the footprint of Patockova Street. The route enters the mined
section beyond the crossing with Myslbekova Street. The mined secti-
on ends before the Prasny Bridge crossing where another section of cut-
and-cover tunnels begins. The whole section is 1.4km long; of this
length, mined tunnels take 550m.

The Dejvice tunnel section continues from the Prasny Bridge grade-
separated intersection to the space of the future grade-separated inter-
section U Vorlika. The entire length of this 1.0km long cut-and-cover
tunnel structure follows the footprint of Milady Hordkové Street

The Kralovskd Obora tunnel section proceeds from the U Vorliku
intersection, first in the form of a short cut-and-cover structure in Letnd.
The mined tunnel section, which links to this section, leads under the
existing buildings, the Stromovka Park (or Royal Deer Park),
a navigable canal, Cisarsky island and the Vltava River; then another
cut-and-cover section continues up to the Tréja portal. The aggregate
length of the section reaches 3.09km, of that the mined section takes
2,230m.

The length of the whole complex of tunnels reaches 5,502.14m in the
case of the northern tunnel tube and 5.489.14m in the northern tube.
The total length of all mined tunnel tubes amounts to 5.54km; the total
length of al cut-and-cover tunnels is 6.60km. After the commissioning,
which is planned for 2011, the tunnel which will originate will be the
longest in the Czech Republic. It will be more than twice as long as all
of the currently existing tunnels. The designer for the entire complex of
tunnels is SATRA, spol. s r.0., together with PUDIS a.s. and METRO-
PROJEKT a.s., while SATRA a.s. is, at the same time, a coordinator of
the whole set of structures forming this section of the City Circle Road.
Metrostav a.s. was selected as the contractor for civil works; CKD DIZ
a.s. is the contractor for the electrical and mechanical installations. The
total investment cost of the project was determined by the design at
about 25 billion CZK.

HORIZONTAL ALIGNMENT AND VERTICAL ALIGNMENT

The road is strictly designed as a dual carriageway throughout its
length, with a separate double-lane or three-lane tube for each direction.
In terms of the vertical alignment, the route of the tunnels descends
throughout the length from the Malovanka intersection to the point under
the Vltava River; then it ascends up to the Trdja portal. The maximum
longitudinal gradient reaches 5%. The difference between the tunnel bot-
tom level at the lowest and highest points is 113.5m. The lowest value of
the radius of a horizontal curve on the main route amounts to 330m. The
traffic lanes are 3.5m wide throughout the length of the section; the traf-

fic clearance height is 4.8m. The design speed is set at 70km/h.



Obr. 4 Vizualizace mimoiiroviiové kriZovatky Malovanka (vpravo portdl
Strahovského tunelu, vlevo portdl tuneli komplexu Blanka)

Fig. 4 Visualisation of the Malovanka grade-separated intersection (the Strahov
tunnel portal on the right side, the Blanka tunnel portal on the left side)

kfemencu. Bfidlice jsou hrubé slidnaté a tlusté deskovité vrstev-
naté. Kfemence a piskovce tvori cca 30 az 50 %. FlySovy vyvoj
letenského souvrstvi je proti zvétrani odolny a mocnost zvétrani
dosahuje vét§inou mensich hodnot okolo 3 m. Usek v tdolni nivé
feky Vltavy prochédzi nekvalitnimi jilovitoprachovitymi bridlice-
mi a silné rozpukanymi kfemenci libeiiského souvrstvi
a pis¢itoprachovitymi bridlicemi souvrstvi dobrotivského.

Mladsi geologické ttvary jsou zastoupeny kvartérnimi pokryvy.
Nejrozsifenéjsi jsou eolické sedimenty, prekryté antropogennimi
sedimenty jako dusledek historické stavebni ¢innosti. Zastoupeny
jsou i sedimenty fluvidlni a misty i deluvuidlni. Co do sloZeni
prevlada pisc¢itd hlina se $t€rkem, tj. kameny a valouny ruzné veli-
kosti a stavebni sut. Mocnost kvartérnich sedimenti dosahuje aZ
38 m, zpravidla je vSak do 15 m.

Podzemni voda sleduje prevazné povrch skalniho podloZi a jeji
hladina se pohybuje v rozmezi 8 azZ 20 m pod terénem. V prostoru
podchodu Vltavy a pfilehlych fi¢nich teras jsou vrstvy pokryvu
nasyceny v zdvislosti na vy$ce hladiny v fece.

Maximélni nadloZi raZenych tunelt je 44 m, minimdlni 8 m.
Nejmensi nadloZi pode dnem Vltavy ¢ini 14,5 m.

V obtizném tseku raZenych tuneli pod zvodnélou fi¢ni terasou
Vltavy byla v rdmci podrobného geotechnického pruzkumu vyra-
Zena pruzkumnd S$tola. Celkovd délka Stoly dosdhla 2150 m,
v prevazné délce je Stola vedena v profilu budouci jizni tunelové
trouby. Pod Vltavou a v zdvére¢ném tseku na tpati svahu z Letné,
kde jsou zastizeny velmi komplikované geotechnické podminky,
byla pruzkumna Stola vyraZena i v profilu budouci severni tunelo-
vé trouby.

Jednim z nejvétSich problému pii razbé tunela bude zvodnélost
horninového prostiedi. Kone¢ny pritok do celé prizkumné §toly se
pohyboval okolo 65 I/s. Zaznamendna byla zdvislost mezi protéka-
jicim mnoZstvim vody ve Vltavé a pritokem podzemni vody do
prizkumné 3toly.

TECHNICKE A KONSTRUKCNI RESENI

Cely tunelovy komplex Blanka se sklddd z nékolika na sebe
tésné navazujicich tunelovych udseki raZenych i hloubenych.
S ohledem na pozadavek sjednoceni celé koncepce ndvrhu jsou
veskeré tunely zatiidény do tif zakladnich typu technického feSeni
— jednoho systému tuneld raZzenych a dvou systému tunell hloube-
nych. Pii navrhu technického feSeni tunelu a zejména technologie
razeb se vychdzelo ze zkuSenosti ziskanych prfi vystavbé tunelu
Mréazovka, ktery byl budovan v obdobnych podminkach s obdobnymi
technickymi prostfedky a mechanizmy.

Veskeré razené tunely jsou navrzeny jako dvouplastové, reali-
zované pomoci technologie NRTM (Novd rakouska tunelovaci
metoda). Osténi i mezilehld izolace jsou uzaviené. Priméarni osté-
ni je ze stifkaného betonu C20/25, vyztuZeného prihradovymi
ramy z betondiské vyztuze, ddle svafovanymi ocelovymi sitémi
a svorniky. Razba bude probihat prevdzné s horizontdlnim ¢lené-
nim na kalotu, opéfi a spodni klenbu ve dvoupruhovych tunelech
a s vertikdlnim ¢lenénim Celby u tuneld tfipruhovych. Jako
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Obr. 5 Vizualizace prostoru kriZovatky Prasny most
Fig. 5 Visualisation of the area of the Prasny most intersection

GEOLOGY

Geological conditions of the entire project are relatively complicated
and very variable. The route of both tunnels is found in the so-called
Prague Basin, which is a component of the sedimentation space of the
extensive Barrandiene synclinorium, where the bedrock is formed by
a complex of folded aleuropelitic shales, greywacke, sandstone and
quartzite of the Ordovician age. The Letnd Shale strata of both the
monotonous and flysh types of evolution prevail. The shales of the
monotonous type of evolution are sandy or silty, finely to coarsely
micaceous, displaying a sheeting structure, little weathering resistant.
The flysh type of evolution produced a sheeting structure of coarsely
micaceous, sandy or greywacke shales, with quartzite interlayers. The
shales and quartzites make up about 30 to 50% of the rock mass. The
flysh type of the Letnd Member is weathering resistant; therefore the
depth of the weathering is mostly rather small, about 3.0m. The route
section under the Vltava River flood plain passes through poor quality
clayey-silty shales and extensively jointed quartzites of the Liben
Member and sandy-silty shales of the Dobrotiv Member.

Younger geological formations are represented by the Quaternary
nappe. Eolithic sediments, which are the widest spread type of ground,
are covered by anthropogenic sediments as a result of historic building
activities. Fluvial sediments and locally even diluvial sediments are
also present. Regarding the composition, sandy loam with gravel (i.e.
boulders and cobbles of various sizes and rubble) prevails. The thick-
ness of Quaternary sediments reaches 38m, ordinarily the layer is 15m
thick.

Ground water mostly follows the surface of the bedrock; the water
table depth varies from 8 to 20m under the surface. The nappe layers in
the space under the Vltava River and adjacent river terraces are satura-
ted in dependence on the water surface in the river.

The maximum and minimum thickness of the cover of the mined tun-
nels is 44m and 8m, respectively. The smallest thickness of the cover
under the Vltava River bed is 14,5 m.

An exploratory gallery was driven along the difficult section of the
mined tunnels under the water-bearing terrace of the Vltava River wit-
hin the framework of the detailed geotechnical investigation. The total
length of the gallery amounted to 2,150m. The major part of the galle-
ry length ran along the profile of the future southern tunnel tube. The
exploratory gallery was also driven along the profile of the future nort-
hern tunnel tube under the Vltava and, in the final section, at the base
of the Letnd slope, where very complicated geotechnical conditions
were encountered.

One of the biggest problems of the tunnel excavation will be the satu-
ration of the rock mass with water. The final inflow into the whole
exploratory gallery fluctuated about 65 1/s. The records identified the
dependence of the inflow of ground water into the exploratory gallery
on the flow in the VItava River.

STRUCTURAL DESIGN AND DESIGN OF MEANS AND METHODS

The entire complex of tunnels Blanka consists of several tunnel sec-
tions, both cut-and-cover and mined, which closely link to each other.
With respect to the requirement for the unification of the overall design
concept, all tunnels are divided into three basic types in terms of the
construction methods, i.e. one system for mined tunnels and two sys-
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doplnujici opatfeni budou v kritickych usecich provadény sanacni tems for cut-and-cover tunnels. The design of means and methods for
injektdze, mikropilotové destniky, protiklenba kaloty, dprava cle- the tunnel construction, primarily those for the mined tunnels, was
néni pobirdni, pripadné kombinace uvedenych uprav. Tloustka based on the experience obtained from the construction of the
primarniho osténi se podle technologickych tfid NRTM a velikosti Mrézovka tunnel, which was constructed in similar conditions, using
vyrubniho profilu pohybuje od 200 mm do 400 mm. Vyrubni pro- similar means and equipment.

fil dvoupruhového tunelu je 119 m? a tfipruhového 173 m?. All of the mined tunnels are of the double-shell design; the NATM

Pro zajistén{ vodotésnosti raZenych tuneld, s ohledem na nemoz- will be used for the excavation. A closed system of the lining and the
nost jejich gravitatniho odvodnéni trvalou drendZi, byl navrZen waterproofing is required. The primary lining consists of C20/25-grade
hydroizolaéni systém sestdvajici z féliové uzaviené izolace, vnéj- sprayed concrete, lattice girders (from concrete reinforcing bars), wel-
Sich spdrovych pdsu a injektdZné monitorovaciho systému pfi¢né ded mesh and rock bolts. A horizontal excavation sequence consisting
(kolmo k ose tunelu) uloZenych dvoupldstovych hadic umoziuji- of the top heading, bench and invert will be mostly used for the doub-
cich nékolikandsobnou injektaZ mezi vnéjsi lic definitivniho osté- le-lane tunnels, while the three-lane tunnels will be driven using
ni a izolaci. Dotésnovaci injektdZ pomoci pfedem uloZenych hadic a vertical sequence. Additional measures, which will be used in critical
je umoznéna i do sparovych pdsu. sections, will comprise improvement grouting, canopy tube pre-sup-

Definitivni osténi raZenych tuneld je navrzeno jako uzaviené port, top heading invert, modifications to the excavation sequences or
Zelezobetonové monolitické. Dispoziéné v pri¢ném fezu se tunel combinations of these measures. The thickness of the primary lining
skladd z dopravniho prostoru nad vozovkou a pod ni umisténych varies between 200mm and 400mm, depending on the NATM support
prostor poZarnich vzduchotechnickych kandld a instala¢nich kand- classes and the dimensions of the excavated cross section. The excava-
1t pro rozvod inZenyrskych siti. Spolu s definitivnim osténim, roz- ted cross sectional areas of the double-lane tunnel and three-lane tunnel
délenym na spodni klenbu (dno+bo¢ni bloky) a horni klenbu, are 119 m? and 173 m? respectively.
budou realizovdny i nekteré Cdsti vnitfnich konstrukei (deska The waterproofing system which was designed for the mined tunne-
a stény nesouci vozovku). Jako materidl osténi je navrZen beton Is allows for the fact that gravitational evacuation of water through
tfidy C30/37, pro bo¢ni bloky potom beton C20/25. Tloustka defi- a permanent drainage system is impossible. It is a closed system con-
nitivnfho ostén{ je minimdlné 450 mm u dvoupruhového a 500 mm sisting of a waterproofing membrane, waterstop strips cast at joints into
u tifpruhového tunelu. Jako vyztuZe bude vyuZito ocelovych sva- the outer surface of structures and a grouting/monitoring system con-
fovanych siti doplnénych piilozkami podle vysledka statickych sisting of double-wall hoses (installed perpendicularly to the centre line
vypodtu. Do betonu horni klenby budou pouZita polypropylenova of the tunnel) allowing multiple grouting between the outer surface of
vldkna (2 kg PP vldken na 1 m3 s délkou vldkna 6 mm a primérem the final lining and the waterproofing membrane. The additional grou-
0,018 mm) jako ochrana proti pocdate¢nimu smrStovani ting through pre-installed hoses is possible even to the surface of the
a predevsim pak vlivu poZaru na ztrdtu dnosnosti, resp. odstielo- waterstop strips.
vani betonu kryci vrstvy vyztuZe. The cast-in-situ concrete final lining of the mined tunnels is of the

Useky hloubenych tuneld jsou podle jejich technického feseni closed design. The cross section of the tunnel consists of the space
rozdéleny na tunely klasické a tunely realizované ¢elnim odtéZo- above the roadway, which is designed for the traffic and the space under
vanim tzv. modifikovanou mildnskou metodou (MMM). the roadway, which houses ventilation ducts and installation ducts for

Hloubené tunely klasické jsou navrzeny vzdy do oteviené sta- utility networks. Some parts of internal structures (the slab and walls
vebni jamy zajisténé bud podzemnimi, zdporovymi, $tétovymi, supporting the roadway structure) will be constructed concurrently with
nebo mikropilotovymi sténami, pripadné svahovanim nebo kotve- the installation of the final lining, which is divided into the invert (the
nou skalnf sténou. Nosnou konstrukci tunelu tvofi spodni zdklado- bottom and side blocks) and upper vault. The lining will be cast using
vé deska se sténami a stropem, nebo s horni klenbou. Tloustka stén C30/37-grade concrete for the vaults and C20/25 for the side blocks.
a klenby je 800 mm, stropu min. 1000 mm. Konstrukce jsou pre- The minimum thickness of the final lining is 450mm for the double-
vazné monolitické Zelezobetonové z betonu tiidy C30/37, méné lane tunnel and 500mm for the three-lane tunnel. Welded mesh with
z betonu C25/30. Vyztuz je volnd vdzand. Do konstrukei stén strap pieces, which will be added according to the results of structural
a stropu, pfipadné horni klenby jsou rovnéZ navrzena PP vldkna. analyses, will be used as concrete reinforcement. The concrete for the
Tento typ tunelovych konstrukef je vyuZzivan pfevazne v mistech se upper vault will be reinforced by polypropylene fibres (fibres 6mm
sloZitou prostorovou dispozici (portdlové tseky, kfiZovatky, pod- long and 0.018mm in diameter; 2kg per 1 m3), which will provide pro-
zemni objekty). Vodotésnd izolace téchto ¢dsti je predpokldddna na tection from the initial shrinkage and, above all, from the loss of the
bdzi izolaénich bentonitovych rohoZi, vidy s dopliujicimi prvky bearing capacity or explosive spalling and the exposing of the concrete
pro dotésnéni dilataénich a pracovnich spar. reinforcement due to a fire.

Hloubené tunely realizované ¢elnim odtéZovanim MMM jsou The cut-and-cover tunnel sections are divided according to the con-
navrzeny v mistech s velmi stisnénymi prostorovymi podminkami struction procedure to traditional cut-and-cover tunnels and tunnels
a v mistech s nutnosti minimalizace ¢asového omezeni provozu na constructed by the so-called Modified Milan Method or “cover-and-cut
povrchu. Postup vystavby spolivéd ve vytvoreni podzemnich kon- tunnels”.
struk&nich monolitickych stén z povrchu, pfipadné ze zajisténého The traditional cut-and-cover tunnels will be constructed in open
predkopu stavebni jamy. Ddle se na srovnaném povrchu dna této trenches with the sides supported either by diaphragm walls, soldier
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Obr. 6 Vizualizace tridy Milady Hordkové v prostoru stanice metra Hrad¢anskd
Fig. 6 Visualisation of Milady Hordkové Street in the area of HradCanskd metro station




Obr. 7 Vizualizace hloubeného tunelu na Letné s odpojovaci rampou krizo-
vatky U Vorliku

Fig. 7 Visualisation of the cut-and-cover tunnel in Letnd, with the off-ramp
of the U Vorliki intersection

jamy vybetonuje definitivni nosnd konstrukce stropu (uloZend na
hlavy podzemnich stén), kterd se po zatvrdnuti opét zasype. Na
povrchu se tak mohou provést findlni Gpravy a obnovit provoz.
Odtézenf vlastniho profilu tunelu se provadi az po dokonéeni celé-
ho tseku téchto tunelt ze zajisténé stavebni jamy. V celé délce
maji tunely tohoto uspordddni spole¢nou stredni sténu pro jizni
i severni tunelovou troubu a stropni deska pusobi jako spojitd
o dvou polich. V pfi¢ném fezu je tubus tunelu tvofen spodni roz-
pérnou Zelezobetonovou deskou, podzemnimi sténami tloustky
800 mm vetknutymi do tnosného skalnitho podloZi a stropni Zele-
zobetonovou deskou. Stropni konstrukce a podzemni stény jsou
navrzeny z betonu tfidy C30/37 s pfidanim PP vldken, spodni roz-
pérnéd deska je z betonu tfidy C25/30. Tloustka stropni desky se
pohybuje podle vysky zdsypu v rozmezi 1000—1300 mm. Ochrana
tunelu proti podzemni vodé je zaji§téna vodonepropustnym beto-
nem nosnych konstrukci, doplnénym prvky pro tésnost dilatacnich
a pracovnich spér v&etné moznosti injektazi spar.

V celém komplexu tunela Blanka je mnoho technicky i stavebné
zajimavych feSeni a ndro¢nych dsekua. Ty nejzajimavéjsi, piipadné
nejkomplikovanéjsi z nich jsou popsdny niZe:

Prvnim, slozitym dsekem je hned portdlova ¢dst tunelu navazu-
jictho na kfizovatku Malovanka. Cely objekt hloubenych tunel se
dvéma pridanymi kfizovatkovymi rampami tvori Zelezobetonovy
monolit. Jeho souldsti jsou i technologické prostory, umisténé
mezi tunelové trouby. Zikladni problematikou ndvrhu této Casti
tunelu bylo, kromé postupu vystavby ve vztahu k provozu na povr-
chu v ulici Pato¢kova, roz¢lenéni do dilataénich celku prostorove
a dispozi¢né velmi komplikovaného objektu pudorysnych rozméru
cca 120x100 m.

Ztizené podminky pro ndvrh a vystavbu jsou dale v brusnickém
tiseku razenych tuneld. Césti profilu tiipruhovych trub budou raze-
ny ve vrstvach kvartérnich pokryvi tvofenych pfevazné eolickymi
sedimenty. Jako doplriujici opatfeni jsou zde pro raZbu navrZzeny
horizontéln{ sloupy tryskové injektdZze provadéné v predstihu nad
horni klenbou tunelu.

Do rozsdhlé oteviené stavebni jamy v kriZzovatce Pra§ny most
jsou spole¢né umistény i kfizovatkové rampy, technologické cent-
rum a podzemni gardZe se 463 stanimi. Pfedev§im koordinace &in-
nosti na jednotlivych ¢dstech objektu spolu se zachovdnim povr-
chové dopravy, véetné tramvaji a umoznéni pristupu do navazuji-
cich tunelld raZenych, predstavuje velmi ndrolny tkol a prinasi
specidlni pozadavky na Zelezobetonové konstrukce objektu.

Dal3im ndro¢nym dsekem je prichod hloubenych tunela dejvic-
kého tunelového tseku mezi vestibulem stanice metra Hrad¢anska
a kolejistém nadrazi CD Praha-Dejvice. Pro vystavbu hloubenych
tunelu systémem MMM bude severni ¢dst vestibulu ubourdna a po
jejich realizaci opét obnovena, spolu s vystavbou nového podcho-
du pod drdhou CD do ulice Dejvicka.

Problematika koordinace vystavby s provozem je rovnéz
v dseku celé délky hloubenych tuneli tseku Dejvice. Trasa je
umisténa prevazné v prostoru tiidy Milady Hordkové, kterd je
v podstaté jedinou propojovaci trasou mezi vychodni a zdpadni
¢dsti mésta v celém jeho severnim segmentu. Pro zkrdcen{
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Obr. 8 Vizualizace mimotirovriové kiizovatky U Vorliku na Letenské pldani
Fig. 8 Visualisation of the U Vorliku grade-separated intersection in Letnd Plain

beam and lagging walls or micropile walls or, as the case may be, with
sloped sides or anchored side rock walls. The tunnel structure consists
of a bottom slab with walls and a roof deck or an upper vault. The walls
and vault are 800mm thick, while the roof deck is 1,000mm thick as the
minimum. The cast-in-situ structures are mostly made of C30/37-grade
reinforced concrete; the C25/20-grade concrete is used to a smaller
extent. The tie-up reinforcement is applied. Polypropylene fibres are
also designed for the reinforcement of the walls and roof slabs, or even
for upper vaults if necessary. This type of tunnel structures is used
mainly for the locations where the spatial arrangement is complex (por-
tal sections, intersections, underground structures). The waterproofing
of those parts is expected to be based on bentonite mats with additional
components allowing the sealing of expansion joints and construction
joints.

The cover-and-cut tunnels (built using the MMM method) are desig-
ned for the locations where the construction space is constrained or
where the time permitted for surface traffic restrictions has to be mini-
mised. The construction process comprises the construction of diap-
hragm walls either from the surface or from the bottom of a pre-exca-
vated portion of the construction trench. The next step is the casting of
the final concrete roof deck on the levelled bottom of the construction
trench (resting on the heads of the diaphragm walls). When the concre-
te hardening is finished, the roof deck is backfilled. Then it is possible
to carry out the surface finishing and resume the traffic. The ground
found under the roof desk is excavated subsequently, from a box exca-
vation, when the entire length of the particular sections of the tunnel
structures have been completed. The tunnels have a central wall com-
mon for the southern and western tube throughout their length; the roof
deck acts as a two-span continuous slab. In terms of the cross section,
the tunnel tube consists of the bottom slab acting as a bracing element,
800mm — thick diaphragm walls keyed into the competent bedrock and
the reinforced concrete roof deck. The C30/37-grade PP fibre reinfor-
ced concrete is designed for the roof deck and diaphragm walls; the bot-
tom slab, which braces the walls against each other, will be from
(C25/30-grade concrete. The thickness of the roof deck varies between
1,000mm and 1,300mm, depending on the height of the backfill. The
tunnel protection against ground water is provided by the water resi-
stant concrete which is used for the load-bearing structures, with ele-
ments allowing the sealing of expansion joints and construction joints,
including the possibility of grouting into the joints.

There are many interesting solutions to the structure and the means
and methods and many difficult sections within the entire complex of
tunnels Blanka. The most interesting or the most difficult of them are
described below:

The first difficult section is just the initial, portal section linking to
the Malovanka intersection. The whole structure of the cut-and-cover
tunnels with two intersection ramps which are added to the tunnel struc-
ture is a cast-in-situ reinforced concrete framing. Rooms for technical
services, which are located between the tunnel tubes, are parts of the
structure. Apart from the problem of harmonisation of the construction
activities with the surface traffic in Patockova Street, the basic problem
of the design for this part of the tunnel was the division of the structu-
re with the ground plan dimensions of 120x100m, which is very com-
plicated in terms of its layout and spatial arrangement, into expansion
blocks.
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povrchovych zabora bylo vyuZito technologie hloubenych tunelu Worsened conditions for the design and construction are further in
MMM s Celnim odtéZovanim pod ochranou trvalych nosnych kon- the Brusnice section of the mined tunnels. Parts of the three-lane tunnel
strukef stropt a stén. Z prostorovych davodu viak je nutné rozle- profile will be driven through layers of Quaternary nappe consisting
nit vystavbu nosnych konstrukei (podzemni stény+strop) nékte- mainly of Eolithic sediments. The additional measure which was desig-
rych tunelovych dilataci i v podélném sméru a jesté vice tak zmen- ned for the excavation in this section comprises horizontal jet grouting
Sit plochy docasnych zdboru. To vede ke komplikovanym detailum columns; the columns will be installed in advance of the tunnel hea-
napojovani vyztuze stropni konstrukce nad stfedni sténou v misté ding, above the upper vault.
nejvétsiho ohybového momentu. Velkd prostorova stisnénost The extensive open trench at the Prasny Most intersection will con-
vyvoldvé i potfebu velmi redukovanych zpasobu zajisténi predvy- tain, in addition to the tunnels, the intersection ramps, a technical ser-
kopu pro betondz stropu tunelu, kde konstrukce zajisténi jamy vices centre an a below-grade car park with 463 parking spaces. The
tésné navazuje na podzemni stény. Ve skuteCnosti se zdpory zajis- coordination of the activities on the individual parts of the structure,
tujici predvykop navrtaji tésné pred vystavbou podzemnich stén which has to deal with the necessity to maintain the surface traffic inc-
v prostoru vn&jsi vodici zidky. Vyjime¢né je v tomto tuseku luding the tram traffic running and allow the access to the adjacent
i nadloZi nad stropni konstrukci dosahujici cca 7 m. Z davodu ulo- mined tunnels, is a very difficult task; it carries with it special require-
Zeni kanalizaéniho sbérace na strop (vede Sikmo pres tunely) zde ments for the reinforced concrete structures of this object.
nebylo mozné vyuzit klenbovych konstrukci zastropeni, a tak Another demanding section is the passage of the cut-and-cover tun-
vodorovnd stropni deska prendsi celou vysku nadloZi. Proto byla nels within the Dejvice tunnel section between the concourse of
¢ast zpétného zdsypu nahrazena vrstvou lehleného betonu Hradc¢anskd metro station and the Praha-Dejvice station yard (Czech
s objemovou hmotnosti do 600 kg/m3. Railways). The northern part of the concourse structure will be demo-
Dal§im vyznamnym prvkem tunelového komplexu je portdlova lished so that the cover-and-cut tunnels can be built; when the tunnels
&4st hloubenych tuneld na Letné. Do oteviené stavebni jamy are completed the concourse will be renewed (concurrently with the
s hloubkou az 25 m jsou krome podzemni kfizovatky, vlastnich construction of a pedestrian subway to Dejvicka Street, which will pass
tunelovych trub a podzemniho technologického centra umistény under Czech Railways’ line.
podzemni gardZe s 863 parkovacimi misty. Vystavba a technické The coordination of the construction with the surface traffic is
feSeni podzemniho objektu o sedmi podlazich budou podfizeny a problem also throughout the length of the cover-an-cut tunnels of the
potfebé pristupu k raZenym tunelim pod Stromovkou. Dejvice section. The route is located mostly within the footprint of
Samostatnym problémem této Cdsti je zastropeni Ctyf rozpletovych Milady Hordkové Street, which is practically the only route in the nort-
tseku, kde se prubézny tiipruhovy, resp. dvoupruhovy tunel rozsi- hern segment of the city linking the eastern and western parts of the
fuje o dvoupruhové odpojovaci, resp. pripojovaci rampy mimo- city. The cover-and-cut technique was chosen with the aim of reducing
drovnové krizovatky U Vorlika. Nejvétsi rozpéti, které musi strop- the plan area of the temporary works. It is, however, necessary for the
ni konstrukce prekonat, dosahuje 26,4 m. Vyska zemniho zdsypu reason of the site space to divide the construction of the structural parts
nad stropni konstrukci se pohybuje okolo 6-8 m. Na prenos vzni- (diaphragm walls + roof deck) of some expansion blocks even longitu-
kajicich extrémnich ohybovych momentu bylo proto navrZeno zas- dinally, thus to further reduce the plan areas of the temporary works. As
tropeni s vyuZitim dodate¢né predpjaté monolitické deskové kon- a result, the reinforcement of the concrete roof deck must be spliced
strukce. above the central wall, with complicated details of the splicing in the
Ve stavebni jaimé na Letné zaéinaji razené tunely (udsek area of the biggest bending moment. The fact that the space available is
Kralovskd obora) vedouci od portilu u stadionu AC Sparta highly constrained means that the means of supporting the pre-excava-
a kond&ici priblizné u Trojského jezu na druhém brehu Vlitavy. VEtsi ted pit for the casting of the tunnel roof deck must also be restrained in
komplikace pfi vystavbé téchto raZenych tuneli se olekdvaji terms of space. The supporting structure is directly connected with the
v useku o délce cca 160 m od tpati svahu z Letné do Stromovky, diaphragm walls. In fact, the holes for the soldier beams supporting the
v blizkosti historické budovy Slechtovy restaurace. Obé tunelové pre-excavated pit sides will be drilled just before the construction of the
trouby zde prochdzeji mistem s nejniz$im nadloZim na rozhran{ diaphragm walls, within the footprint of the outer guide wall (Note: The
vrstev nekvalitnich libefiskych bridlic a fevnickych kfemencu. guide walls are provided at the surface level). The tunnel overburden in
Nejmensi vySka skalniho nadlozi zde ¢ini cca 1,5 m. Nad timto this section with its height of about 7m over the roof deck is also excep-
nadloZim se nachézeji saturované $térkopisky s mocnosti cca 11 m, tional. Because of the fact that a trunk sewer passes above the tunnels
proto bude v tomto tseku provedena z pruzkumné $toly tryskova (at an angle) in this section, it was not possible to use vaulted roof struc-
a tlakovd horninové injektdz pomoci systému radidlnich vé&jitu. tures; a horizontal roof slab carries the entire height of the overburden.
Vysledkem provadénych injektdzi bude cca 1,0 — 1,5 m silnd For that reason, part of the backfill was replaced by a layer of light-
,betonovad vrstva® napomdhajici bezpecnému prichodu raZeb weight concrete with the specific weight up to 600 kg/m3.

Another important element of the complex of tunnels is the portal
part of the cut-and-cover tunnels in Letnd. The box excavation, which
will be up to 25m deep, will contain, apart from the underground inter-
section, the tunnel tubes themselves and an underground technical ser-

TFida Milady Hordkové vices centre, and also an underground car park with 863 parking spaces.

Milady Hordkové Street The means and methods of construction of this seven-floor underg-

Severni tunelova trouba Jizni tunelova trouba round structure will be modified to make the access to the mined tun-

Northern Tunnel Tube Southern Tunnel Tube nels under Stromovka Park possible. A separate problem is the roofing

1 of four trouser-leg sections, where double-lane on-ramps and off-ramps

of the U Vorliku grade-separated intersection join the three-lane tunnel

O~ and double lane tunnel respectively. The largest span to be overcome by

= the roof deck structure reaches 26.4m. The height of the earth backfill

over the roof deck varies from 6 to 8m. With respect to the above con-

. ditions, a post-tensioned cast-in-situ concrete slab capable of carrying

2 the calculated extreme bending moments was designed for the roofing.

The box excavation in Letnd is the place where mined tunnels start

5 (the Kralovskd Obora section), leading from the portal near the

LJ _l AC Sparta football stadium and ending near the Tréja Weir, on the

% {}‘tﬁ;‘“g‘l‘;ganél opposite bank of the Vltava River. More problems during the construc-

u ] yt . tion of these mined tunnels are expected to be encountered in the about

0 e 0 1 o 160m long section starting at the base of the slope descending from

Letnd to Stromovka Park, in the vicinity of a historic building, the

Obr. 9 PFicny ez hloubenymi tunely s éelnim odtéZovdanim (MMM) Slechta’s restaurant. In this location, both tunnel tubes pass under the
Fig. 9 A cross section through cover-and-cut tunnels lowest cover, which is found at the interface between the poor quality
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a oddélujici saturované sedimenty od vyrubu. Samotna razba bude
v téchto mistech provddéna pod ochranou mikropilotovych destni-
ka, s horizontdlnim ¢lenénim vyrubu a dofasnou spodni protiklen-
bou.

Vyznamny je i podchod feky Vltavy raZenymi tunely. V Praze
jde v poradi jiZ o ¢tvrtou tunelovou trasu (metro A, B a C) vyraZe-
nou pod korytem feky. V tomto pfipadé vSak bude dosaZeno nej-
vétsiho vyrubniho profilu (cca 120 m2), pfi minimdlnim nadloZi
pode dnem Vltavy 14,5 m.

K zajisténi pozdrniho a provozniho vétrani prevazné Césti raze-
nych tuneld dseku Krélovskd obora je pod obytnou zdstavbou na
Letné navrZzen sloZity komplex podzemnich technologickych
objektt. Nejvétsim objektem je strojovna vzduchotechniky, kterd
je umisténa paraleln€ s trasou tunell v osové vzddlenosti od sever-
ni tunelové trouby cca 85 m. Plocha vyrubu &ini téméf 300 m2,
délka 125 m. Pfi jeji razbé v letenskych bridlicich s vys$kou skal-
niho nadloZi cca 25 m bude pouZito vertikdlniho ¢lenéni vyrubu.
Do objektu strojovny vzduchotechniky jsou zadstény vzducho-
technické kandly zajistujici pfivod i odvod vzduchu. Na jiznim
konci strojovny se napojuje tunel pfivadejici Cerstvy vzduch do
severni tunelové trouby a slouZzici zdroven jako dopravni cesta pro
zavazeni i nasledné vymény technologickych zafizeni ve strojov-
né. Na severnim konci na strojovnu navazuje tunel privadéjici Cer-
stvy vzduch pres propojku do jizni tunelové trouby. Do stfedu stro-
jovny je zadstén tunel kruhového profilu o pruméru 10 m, odvadé-
jici zneciStény vzduch z obou tunelovych trub. S tfipruhovymi
tunely je propojen svislymi Sachtami & 8 m.

Tento slozity podzemni uzel zde bylo mozné navrhnout jen diky
velmi pfiznivym geologickym podminkdm. Vysledky matematic-
kého modelovdni (MKP) potvrdily redlnost navrZeného feSeni
a poskytly informace o predpoklddanych velikostech deformaci na
povrchu, které by nemély prekrocit 35 mm.

Posledni ¢ésti tunelového komplexu Blanka je hloubeny dsek na
trojském brehu. Tunely zde budou budovdny v otevienych staveb-
nich jamadch, které jsou paZzeny do drovné skalni bdze podzemnimi
nebo Stétovymi sténami kotvenymi v nékolika drovnich, a nize
potom kotvenymi skalnimi st€énami. Jednim z kritérii ndvrhu byl
i vliv povodnového stavu v fece na moznost vyplavani tunelového
tubusu. Po vymodelovédni propustnosti protipovodnového valu,
véetné hydraulického odporu a piezometrické vysky, a ndsledném
posouzeni konstrukce tunelu byla tato moZnost vyloucena.

VYBAVENI TUNELU

Technologické a bezpecnostni vybaveni tunelového komplexu
Blanka spliiuje a v mnoha pripadech prekraduje minimaln{ bezpec-
nostni pozadavky stanovené evropskou smérnici vydanou v roce
2004. Skutecnost, Ze vSechny prazské automobilové tunely jsou
fizeny a ovldddny ze dvou dispeerskych pracovist, jedno pro
fizeni dopravy a druhé pro sledovani a fizeni technologického
vybaveni, podminilo vybaveni tunelového komplexu Blanka

Obr. 10 Axonometrie podzemnich objektii na Letné
Fig. 10 Axonometry of the underground structures in Letnd
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Libefi Shale and Revnice Quartzite. The smallest height of the rock
cover is about 1.5m in this location. There is a layer of saturated gravel
sand about 11m thick above the rock cover. For that reason jet grouting
and pressure grouting of the rock mass will be carried out in this secti-
on, from within an exploration gallery, using a system of radial fans of
grout holes. The grouting will provide about 1.0 — 1.5m thick “concre-
te layer” allowing the excavation to safely pass and separating the satu-
rated sediments from the excavated opening. The excavation itself will
proceed in this section under the protection of canopy tube pre-support,
with a horizontal excavation sequence (top heading, bench and invert)
and a permanent invert structure.

The passage of mined tunnels under the Vltava River is also impor-
tant. It is already the fourth tunnel route under the Vltava River bed
(metro lines A, B and C crossings). However, in this particular case, the
excavated cross section will be the largest (the area of about 120m2),
with the minimum height of the overburden under the riverbed of
14.5m.

The fire ventilation and operating ventilation for the major part of the
mined tunnels of the Krdlovskd Obora section will be provided by
a complex system of underground structures, which is designed to
house the equipment. They will be built under existing residential buil-
dings in Letnd. The largest of them is a ventilation plant room, which is
located in parallel to the tunnel route, at a distance of about 85m bet-
ween the centre of the room and the centre of the northern tunnel tube.
The excavated cross sectional area is nearly 300 m2, the length is
125 m. The cavern will be excavated through the Letnd Shale, with the
rock cover about 25m high, using a vertical excavation sequence (side
drifts and a central pillar). The ventilation plant room receives ventila-
tion ducts providing intake and outlet of the air. The tunnel feeding
fresh air to the northern tunnel tube and at the same time serving as
a route for the transport of the equipment during the installation in the
plant room and subsequent replacement is connected to the southern
end of the cavern. The tunnel supplying fresh air via a cross passage to
the southern tunnel tube is connected to the cavern at the northern end.
The tunnel (a circular cross section, 10m in diameter) exhausting pol-
luted air from both tunnel tubes is connected to the mid point of the
cavern. It is connected with the three-lane tunnels via vertical shafts 8m
in diameter.

This complicated underground node could be designed only owing to
very favourable geological conditions. The results of mathematical
modelling (FEM) proved that the designed solution is viable and pro-
vided information on the anticipated magnitude of deformations on the
surface, which should not exceed 35mm.

The cut and cover section on the Trdja bank is the last part of the
complex of tunnels Blanka.

The tunnels will be built in open construction trenches, which will
have their sides supported down to the level of the bedrock by diap-
hragm walls or soldier beam and lagging walls anchored in several
tiers; the rock walls in the lower level will be supported by anchors.
One of the design criteria was also the influence of a flood state in the
river on the possibility of the tunnel tube heaving due to buoyancy for-
ces. This possibility was excluded after the modelling of the permeabi-
lity of the flood dike, including the head loss and piezometric height
and the subsequent assessment of the tunnel structure.

TUNNEL EQUIPMENT

The equipment of the complex of tunnels Blanka meets and in many
cases exceeds the minimum safety requirements of the European
Directive issued in 2004. The fact that all Prague road tunnels are
managed and controlled from two control centres, one of them for traf-
fic management and the other for monitoring and control of tunnel equ-
ipment, was the reason why the complex of tunnels Blanka will be equ-
ipped with adequate monitoring, control and safety systems which will
be compatible with the other tunnels. The requirements for the high
reliability of the equipment systems and minimum need of maintenan-
ce, including minimisation of the operating costs, above all the cost of
electrical power, have been set with respect to the high importance of
the entire Blanka section for the traffic in Prague as the whole. The
power consumption is influenced most of all by the lighting and venti-
lation systems. For that reason the ventilation system design was paid
especially great attention. The operating ventilation system within the
complex of tunnels Blanka takes advantage of the piston effect of
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“Slechta’s restaurant

Hladina podzem
Water table

vehicles passing through the tunnels and combines
the semi-transverse and longitudinal ventilation
systems with the local exhausting or supplying air
from or to the tunnels carrying uni-directional traf-
fic. In the case of ordinary traffic conditions,
a major portion of air is supplied to the tunnel via
entrance portals; additional local supply points are
installed along the tunnel route. Polluted air is

ni vody

exhausted by four ventilation plants, which are
connected transversally, so that the dragging of the
polluted air by vehicles outside via the exit portals

Jizni tunelova trouba
Southern tunnel tube

" Exploration gallery

is reduced as much as possible. A forced semi-
transverse ventilation system comprising gates is
provided with registers in the tunnel crown, instal-
led at about 80m spacing. In the cut-and-cover /
cover-and-cut sections, the smoke and heat are eva-
cuated by means of local ventilation plants or
through portals by jet fans.

Severni tunelova trouba
Northern tunnel tube

Obr. 11 Pri¢ny Fez raZenymi tunely v prostoru pod Stromovkou
Fig. 11 A cross section through the mined tunnels under Stromovka Park

odpovidajicim monitorovacim, fidicim a bezpecnostnim vybave-
nim, kompatibilnim s ostatnimi tunely. Dulezity vyznam celého
useku tunelu z hlediska dopravy v Praze a predpoklddand vysokd
intenzita provozu stanovily poZadavky na vysokou spolehlivost
navrZenych technologickych systémt s minimdlnimi ndroky na
Gdrzbu v&etné minimalizace provoznich naklada, a to zejména
nékladd na elektrickou energii. Spotiebu elektrické energie ovliv-
fuje zejména systém osvétleni a vétrdni. Z tohoto duvodu byla
vénovana velkd pozornost praveé navrhu systému vétrani. Provozni
systém vétrani v tunelovém komplexu Blanka vyuZivd pistového
efektu projizdéjicich vozidel a kombinuje principy polopfi¢ného
a podélného vétrani s lokdlnim odvodem nebo pfivodem vzduchu
v jednosmérném tunelu. Za bézného provozu je vzduch do tunelu
privadén prevazné vjezdovymi portdly v kombinaci s lokdlnimi
privody po délce tunelu. Znecistény vzduch je nucené odvadén
Ctyfmi priéné napojenymi strojovnami tak, aby byl v co nejvyssi
mife omezen vynos z vyjezdovych portdli. Pro odvod tepla
a koufe pri pozdru je v razenych udsecich navrZen nuceny odvod
polopfi¢ného systému uzaviratelnych otvoru v klenbé tunelu,
umisténych po cca 80 m. V hloubenych tsecich jsou kouf a teplo
nucen¢ odvadény lokdlnimi strojovnami nebo pomoci proudovych
ventildtoru portély.

POSTUP PRACI

Pro celkovou koordinaci pfi vystavbé byla projektantem
SATRA, spol. s r. 0., zpracovéna velmi rozsdhld dokumentace fesi-
ci postup realizace od jednotlivych preloZek inZenyrskych siti, pres
vyluky dopravy az po dilé¢i faze vystavby a zkuSebni provoz.
Vystavba celého tdseku je rozdélena priblizné do 20 zdkladnich,
navzajem Casové a prostorové provazanych etap. Z davodu zacho-
véani provozu MHD bude tfeba vybudovat pres 1 km provizornich
tramvajovych trati a zfidit tfi ndhradni autobusové linky. Vlastni
realizace tunell potom bude probihat z péti hlavnich a nékolika
dil¢ich staveni$t umisténych po délce trasy.

RaZené tunely budou postupovat vzdy od obou portdld se &lené-
nim vyrubu podle technologickych tfid. RaZba bude probihat za
pouziti trhavin, pfipadné v mek¢ich horninach strojné. Izolace
a definitivni konstrukce se budou provadét proudovou metodou.
Celd Cést tunelového tseku Dejvice bude provdadéna Celnim odté-
Zovanim. Ostatni hloubené tunely, spolu s provdzanymi technolo-
gickymi objekty a podzemnimi gardZemi, budou realizované pre-
vazné do otevienych stavebnich jam z povrchu. Postup jejich
vystavby se bude vZdy odvijet od dokoncovani navazujicich raze-
nych tuneld a tuneld s Celnim odtéZovdnim. V rdmci vystavby
tunelového komplexu budou vybudovany i dal$§i navazujici
dopravni stavby, jako napf. povrchovy tsek Méstského okruhu
v Tréji, novy PraSny most, vestibul stanice metra Hradcansk4d,
dvoje podzemni gardZe, podchody pro p€si nebo novy most pres
Vltavu v Tréji. Do mnoZstvi organiza¢nich a technickych problé-
mu navic postupné pribyvaji dals$i vlivem pfipravy vystavby

CONSTRUCTION WORKS SEQUENCE

The designer, SATRA spol. s r.o., prepared an
extensive package of documents intended to facili-
tate the overall coordination of the construction works. The documents
deal with the sequence of the works, starting from individual diversions
of utility networks, through closures of traffic, to partial construction
phases and commissioning. The construction of the whole section is
divided into approximately 20 basic stages, which are interrelated in
terms of the time and space. Over 1km of temporary tram tracks will
have to be built and three alternate bus lines will be necessary to main-
tain the urban mass transit running. The tunnels themselves will be con-
structed from five major sites and several minor sites located along the
route.

The mined tunnel sections will be excavated from both portals of
each section. The excavation sequence will correspond to the respecti-
ve excavation support classes. The rock will be disintegrated by the
drill and blast technique or, in weaker rock, mechanically. The waterp-
roofing and final lining will be installed using the flow method. The
whole Dejvice tunnel section will be constructed using the cover-and-
cut method. Major part of the other tunnels and related technical servi-
ces structures and underground car parks will be mostly built using the
cut-and-cover technique. The sequence of the construction of the cut-
and-cover sections will always depend on the progress of completing
the mined tunnels and cover-and-cut tunnels. There are other transport-
related structures which will be constructed within the framework of
the implementation of the Blanka project, for example the at-grade sec-
tion of the City Circle Road in Tréja, the new Pra$ny Bridge,
a concourse hall for Hrad¢anskd metro station, two underground car
parks, pedestrian subways or a new bridge over the Vltava River in
Tréja. New problems gradually emerge and are added to the multitude

Obr. 12 Vizualizace raZeného dvoupruhového tunelu v tiseku Krdlovskd obora
Fig. 12 Visualisation of the mined double-lane tunnel in the Krdlovskd
Obora section
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Obr. 13 Podélny profil tunelového tseku Krdlovskd obora
Fig. 13 Longitudinal profile of the Krdlovskd Obora tunnel section

prostorové, nikoliv investi¢n€, svdzanych objektd umisténych
v tésném sousedstvi trasy okruhu. Pfedev§im jde o objekt Ndrodn{
knihovny, Ndrodni fotbalovy stadion, nebo vystavbu rychlodrdhy
Praha—Kladno s Zelezni¢ni stanici Dejvice.

Nedilnou souldsti vystavby raZenych tunelt je geotechnicky
monitoring. V pripadé tunelového komplexu Blanka je ovSem
mnoZstvi typt méfeni a druht odeéitanych hodnot, ovlivnénych
objektu, méficich profilt, sledovacich zafizeni, atd. nesrovnatelné
s zaddnou doposud realizovanou stavbou v Ceské republice.
Celkem se predpoklddéd provadéni 26 druhu zdkladnich typu méfe-
ni ur€enych pro bezpecny postup vystavby, ndvazné kroky obse-
rvaéni metody a rovnéz pro zkuSebni provoz tunelu.

ZAVER

Rozsah celé stavby je unikdtni a lze ho srovnat snad pouze
s vystavbou prazského metra v 60. aZ 80. letech minulého stoleti.
Tomu odpovidd i délka pripravy stavby, mnozstvi vyvolanych
investic, pocty preloZek inZenyrskych siti, vyluky a omezeni
dopravy véetné MHD a vubec koordinace a organizace celé
vystavby. Ve vysledném efektu dojde v prubéhu realizace
k ovlivnéni dopravniho Zivota prevazné casti hlavniho mésta.
Vystavba byla zapoc€ata v dubnu roku 2005 v prostoru budouci
mimourovinové krizovatky Malovanka a postupné se rozbihd
i v dal§ich ¢astech trasy. Od dubna 2007 probihaji stavebni prace
na stavebni jaimé a pripravé portdlu pro raZené tunely v Tréji.
Pocétek razeb od trojského portdlu nastal v poloviné Cervence
letos$niho roku. V Cervnu jiz zacaly i prvni prace v prostoru leten-
ské plane.

Po dokonceni planovaném na rok 2011 dojde ke zna¢nému zlep-
Seni Zivotniho prostiedi nejen v bezprostfednim okoli stavby,
v oblasti na hranicich historického centra Prahy zapsaného na
seznam kulturniho a historického dédictvi UNESCO. Dnes je tento
prostor neimérné zatéZzovén prujezdnou dopravou se viemi ekolo-
gickymi, ale i dopravné-kapacitnimi dusledky. Ziroven dojde
k dal3imu rozsifeni, pro Zivot mésta nezbytné duleZitych, hlavnich
automobilovych komunikaci, v souladu s predpoklady stanoveny-
mi v platném tzemnim pldnu hlavniho mésta Prahy.
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of organisational and engineering problems owing to the preparation of
other structures in the close vicinity of the Circle Road route which
relate to the Blanka project in terms of the space but not in terms of the
funding sources. The main examples of such constructions are the
National Library building, the National Football Stadium or the high-
speed track Prague — Kladno with the Dejvice railway station.

Geotechnical monitoring is an inseparable part of the tunnel excava-
tion operations. However, none of the projects which have been com-
pleted in the Czech Republic till now can compare with the complex of
tunnels Blanka in terms of the quantity of measurement types and kinds
of measured variables, the number of structures affected by the exca-
vation, the number of monitoring stations, monitoring instruments etc.
The total of 26 basic types of measurements is expected to be sufficient
for securing the safe progress of the construction, for determination of
the subsequent steps of the observational method and also for the trial
operation of the tunnels.

CONCLUSION

The extent of the entire project is unique. It may be probably com-
pared only with the development of the Prague Metro lines in the 1960s
to 1980s. The duration of the construction planning phase, the number
of induced investment cases, diversions of utility networks, closures of
traffic and traffic restrictions including urban mass transit restrictions
and the organisation of the works as the whole correspond to this
extent. The resultant effect which will take place during the course of
the construction operations will manifest itself in the form of worsened
traffic conditions in most parts of the capital of the Czech Republic. The
construction started in April 2005 in the area of the future grade-sepa-
rated intersection Malovanka. The work is gradually starting on other
parts of the route. April saw the beginning of the work on the construc-
tion trench and preparation of the portal for the mined tunnels in Tréja.
The tunnel excavation from the Trdja portal will start before mid July
2007. Initial construction operations in the area of Letnd Plain began in
June.

After the completion, which is scheduled for 2011, the environment
will be significantly improved not only in the close vicinity of the
Blanka structures, i.e. in the area on the border of the UNESCO listed
historic centre of Prague. This area is today inadequately burdened by
through traffic and all of the attending impacts on the environment and
the capacity of traffic. At the same time, the principal roads will be furt-
her widened to comply with the assumptions set by the valid develop-
ment plan of the City of Prague.

Main Author: ING. PAVEL SOUREK
pavel.sourek@satra.cz

Co-Authors:

ING.ALEXANDR BUTOVIC, alexandr.butovic@satra.cz,
ING. JOSEF DVORAK (1),

ING. FRANTISEK POLAK, frantisek.polak@satra.cz,
ING. LUDVIK SAJTAR, ludvik.sajtar@satra.cz,

Graphic Design:

JAKUB KARLICEK, jakub.karlicek@satra.cz

SATRA, spol. s r. o.



16. rocnik - €. 3/2007

Tuel

KVANTITATIVNI ANALYZA PREPRAVY NEBEZPECNYCH NAKLADU
SILNICNIM TUNELEM SITINA V BRATISLAVE

QUANTITATIVE ANALYSIS OF TRANSPORT OF DANGEROUS GOODS
THROUGH THE ROAD TUNNEL SITINA IN BRATISLAVA

LUKAS RAKOSNIK

uvoD

V souladu s poZadavky smérnice Evropského parlamentu a rady
o minimdlnich bezpecnostnich poZadavcich na tunely transevropské
silni¢ni sité [1], v€lenéné do slovenské legislativy nariadenim vlady
¢. 344/2006 Z. z. [2], zhotovila spole¢nost SATRA, spol. s r. 0., pro
Narodnu dialni¢ni spolo¢nost, a. s., bezpe¢nostni dokumentaci v etapé
projektovani pro tunel Sitina leZici na dseku Lamacskd cesta — Staré
grunty dédlnice D2 v Bratislavé. Jednim z poZadavka vyse uvedené
smérnice je i vypracovani analyzy rizik pfed tim, neZ jsou stanovena
omezeni a pozadavky tykajici se prepravy nebezpe¢nych ndklada
tunelem a zaclenéni vysledku analyzy rizik do bezpecnostni doku-
mentace. Pro hodnoceni rizik vzniklych provozem vozidel
s nebezpecnymi ndklady a zejména pro stanoveni ,,kategorie tunelu*
ve smyslu ADR — Evropské dohody o mezindrodni silni¢ni preprave
nebezpeénych véci (veetné jeji novelizace s platnosti od 1. 1. 2007),
tzn. zda vubec, anebo jakd kategorie nebezpe¢nych nakladu bude
v tunelu povolena, byl pouZzit program QRAM verze 3.61 vytvoreny ve
spolupréci Organizace pro ekonomickou spoluprici a rozvoj (OECD)
a sveétové silni¢ni asociace WRA (PIARC).

SOFTWARE QRAM 3.61

QRAM (Quantitave Risk Assessment Model) je softwarovy produkt
umoznujici kvantifikaci rizik spojenych s prepravou nebezpeénych
nakladu silni¢nimi tunely. Program se pouZivd pro podporu rozhodo-
vani o povoleni nebo vylouceni prijezdu vozidel s nebezpe¢nym
ndkladem tunely jiz v nékolika evropskych stitech (Francie,
Rakousko, §V}’Icarsko, Norsko, Némecko, Velkd Britdnie a dalsi).
Standardné se pouZivd pri analyze rizik, kterou vyZaduje smérnice
Evropského parlamentu a rady 2004/54/EC. S pomoci programu se
nechaji porovnat rizika nejen samotného tunelu s vybranymi kritérii,
ale i rizika na celé trase s tunely s pfipadnou objizdnou trasou.

Zéklad programu tvori 11 realistickych scéndfi nehod t€Zkych
nékladnich vozidel s nebezpe¢nym nédkladem (kazdy scénér zastupuje
ur¢itou typickou skupinu nebezpeénych nakladd). Program je pro moz-
nost porovnan{ doplnén dvéma scénéri pozaru (20 MW a 100 MW) t&z-
kého ndkladniho vozidla bez nebezpe¢ného ndkladu. Pro kazdy scéndr
byly na zédkladé¢ studii konkrétnich nehod a studii chovéani nebezpe¢nych
materidld sestaveny matematické rovnice. Do téchto rovnic se dosazuji
vstupni hodnoty popisujici geometrii tunelu, zpusob jeho vétrani,
odvodnéni, vzddlenost inikovych cest, déle intenzity a slozeni doprav-
niho proudu, nehodovost a jiné parametry. Program hodnoti nésledky
zpusobené vlastnim nebezpednym materidlem (tzn. poZér, exploze, tinik
nebezpecéného ndkladu), nehodnoti nasledky srazky vozidel.

Vysledky kvantitativni analyzy QRAM jsou vyjadfeny formou soci-
dlniho nebo oéekdvaného rizika. Socidlni riziko se zndzornuje v grafu
formou tzv. F/N kfivek, které zobrazuji kumulativn{ pravdépodobnost
F (vztaZzenou na 1 000 m délky tunelu/na délku trasy a na 1 rok, svis-
14 osa grafu) toho, Ze poCet ztrdt na Zivotech prekro¢i urCity pocet N
(vodorovnd osa grafu). Program QRAM dokadze vytvorit F/N kfivky
(obr. 2) pro kazdy ze 13 scéndit nehod, takZze dovoluje vzdjemné
porovnavat socidln{ rizika jednotlivych scénaru. Souctem 11 F/N kfi-
vek scénafu nehod vozidel s nebezpednym ndkladem se ziskd jedna
celkova krivka, kterd reprezentuje vysledné socidlni riziko prepravy
nebezpenych ndkladi v daném tunelu nebo na dané trase (tato vysled-
nd kfivka muZe slouZit k d¢elum porovndvani vysledku s jinymi tune-
ly nebo trasami).

Ocekdvané riziko uddvé pravdépodobnost, s jakou muze dojit ke
smrtelnému zranéni alespon jedné osoby za jeden rok pfi danych

INTRODUCTION

In compliance with the requirements of the Directive of the European
Parliament and of the Council on minimum safety requirements for tun-
nels in the Trans — European road network [1], which has been incor-
porated into Slovakian legislation through the Decree No. 344/2006
Coll. [2], SATRA spol. s r.o. carried out Safety Documentation for
Narodnad dialni¢nd spolo¢nost’, a.s. (the National Motorway Society) in
the designing stage of the Sitina tunnel, which is found within the D2
motorway section between Lamacskd Cesta and Staré Grunty in
Bratislava. One of the requirements of the above-mentioned directive is
the requirement for a risk analysis to be carried out prior to the deter-
mination of restrictions and requirements regarding the transport of
dangerous goods through a tunnel and the incorporation of the risk ana-
lysis results into the Safety Documentation. The assessment of the risks
associated with the passage of vehicles carrying dangerous goods and,
above all, the determination of the “Tunnel Category” in the meaning
of the — European Agreement concerning the International Carriage of
Dangerous Goods by Road (ADR) (inclusive of the amendment effec-
tive from 1.1.2007), which means which category of dangerous goods,
if any, will be permitted to pass the tunnel, was carried out using the
QRAM program version 3.6.1, which had been developed by the
Organisation for Economic Cooperation and Development (OECD) in
co-operation with the World Road Association (WRA — PIARC).

SOFTWARE QRAM 3.61

QRAM (Quantitative Risk Assessment Model) is a software product
allowing the quantification of risks associated with the transport of dan-
gerous goods through road tunnels. The program is already used for the
support of the decision-making process regarding the permission or
exclusion of the passage of vehicles carrying dangerous goods through
tunnels in several European countries (France, Austria, Switzerland,
Norway, Great Britain etc.). It is used as a standard for the risk analy-
sis which is required by the Directive of the European Parliament and
of the Council No. 2004/54/EC. It is possible to use the program not
only for the comparison of risks with selected criteria related to the tun-
nel itself but also the comparison of the risks identified throughout the
length of the route containing tunnels with the risks on a potential
bypass route.

Obr. 1 Instalace technologického vybaveni v tunelu Sitina
Fig. 1 Installation of technical equipment in the Sitina tunnel
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podminkdch provozu vozidel s nebezpecnymi ndklady. Program The program is based on 11 realistic scenarios of accidents where
QRAM opét dokéZe toto riziko vy<islit pro kazdy scénar zv1ast'i pro heavy goods vehicles with dangerous goods are involved (each of
vSechny scénére celkem, takZe je mozné vysledky porovndvat. the scenarios represents a certain typical group of dangerous goods).

_Vysledky programu byly hodnoceny podle metodiky dstavu CETU To allow comparison, two scenarios of a fire (20MW and 100MW)
(Ustav pro vyzkum tuneld, Francie) [3]. Princip této metodiky spocivd of a heavy goods vehicle without dangerous goods are added to the
ve vyhodnoceni ocekdvanych hodnot rizika prepravy nebezpecnych program. An equation was derived for each scenario, on the basis of
ndkladt silni¢nim tunelem, tzn. vlastniho rizika tunelu. Pokud hodno- studies of the behaviour of dangerous materials. Mathematical equa-
ta vlastniho rizika je nizsi nez 107/rok, pfeprava nebezpecného nékla- tions were derived for each of the scenarios, on the basis of studies
du pies tunel neni vyrazné rizikovéjsi neZ preprava po otevienych use- on actual accidents and studies on the behaviour of dangerous mate-
cich pozemni komunikace a vjezd do tunelu miiZze byt povolen pro rials. The input data describing the geometry of the tunnel, the ven-
viechny druhy nebezpecnych ndkladi. Pokud vsak je vypocitané vlast- tilation and drainage systems, distance between escape exits, the
ni riziko tunelu vy$8i nez 10, mélo by byt podle metodiky CETU pi- intensity and composition of traffic flow, accident rate and other
stoupeno k porovndni vyslednych hodnot ocekdvaného rizika na trase parameters is put into these equations. The program performs the
s tunelem a na alternativn{ objizdné trase (zpiisob porovnani je podrob- assessment of the consequences caused by the dangerous material
néji komentovdn v uvedené literature). Jak bude ukdzdno dile, itself (i.e. a fire, explosion, leakage of dangerous cargo) but it does

k porovndni rizik na trase s tunelem a na alternativni trase bylo pfi-
stoupeno i v pripadé tunelu Sitina.

Aby bylo mozno vyhodnotit socidlni rizika tunelu Sitina, musi byt
stanovena kritéria, podle kterych se vysledky analyzy budou vyhodno-
covat, tzn. hraniéni hodnoty, které ndm fikajf, zda je prubéh F/N kfiv-
ky socidlnich rizik pfijatelny, nebo zda musi byt prijata opatfeni ke
sniZeni rizik. ProtoZe na Slovensku v soucasnosti nejsou tato kritéria
stanovena, byla pro vyhodnoceni socidlnich rizik v tunelu Sitina pou-
sita kritéria vyuZivand v Rakousku a Svycarsku, dile pak kritéria
doporugend pro Ceskou republiku prof. Holickym [4].

not assess consequences of road vehicle collisions.

The results of a QRAM analysis are expressed in the form of
a social risk or expected risk. The social risk is demonstrated in the
chart in the form of so-called F/N curves, which depict the cumula-
tive probability F (related to 1,000m of the tunnel length / the route
length/the tunnel length and 1 year, the vertical axis of the chart) of
the case that fatalities will exceed a certain number N (the horizon-
tal axis of the chart). The QRAM program is capable of plotting F/N
curves (see Fig. 2) for each of the 13 accident scenarios, therefore,
it allows the comparison between the social risks associated with the
individual scenarios. By summing up the 11 F/N curves, we will
obtain a single cumulative curve, which represents the resultant

PROBLEMATIKA VSTUPNICH UDAJU

Vstupn{ tidaje zaddvané do programu QRAM lze obecné rozdélit na social risk of the transport of dangerous goods through the particu-
dva typy. Prvn typ vstupnich tdaji popisuje parametry jednotlivych lar tunnel or along the particular route (this resultant curve can be
dsekil trasy, jako jsou smérové vedenf trasy, hodinové intenzity provo- used for the purpose of comparing the results with the results obta-
zu v daném Casovém obdobi (zohledriuje variaci dopravy), podil t¢z- ined from other tunnels or routes).
kych ndkladnich vozidel, podil t€Zkych nékl. vozidel s nebezpetnym The expected risk indicates the probability with which a fatal
ndkladem, obs?zenost jednotlivych druhii vozidel apod. Druhy typ injury may happen to at least one person per one year, under the par-
vstupnich tdaju popisuje konstrukéni a provozni parametry vlastniho ticular conditions of the traffic involving vehicles carrying dange-

S

silni¢niho tunelu, jako jsou plocha pri¢ného prufezu tunelu, vzdale-
nosti nouzovych vychodt, podélné sklony vozovky, rezimy provozni
ventilace, reZimy nouzové ventilace, Cas potfebny pro aktivaci pozar-
niho vétrdn{ a dalsi.

Analyza byla zpracovdna v dobé, kdy tunel Sitina je§té nebyl
v provozu. Z tohoto davodu byly provozn{ tidaje potfebné pro QRAM,
které nebyly v dob¢ analyzy k dispozici (predevsim tdaje tykajici se
dopravy), nahrazeny ddaji z modela provozu zaloZenych na statistic-
kych datech a studiich. Konkrétné to plati o vyhledovych intenzitach
dopravy v tunelu; hodnoty intenzit pouZzité pro QRAM byly stanoveny
na zékladé udaju ze s¢itdni dopravy v roce 2005 (posledni hodnoty
vyhledovych intenzit dopravy v tunelu Sitina byly stanovovdny pro
dokumentaci pro stavebni povoleni v poloviné 90. let 20. stoleti
a naprosto neodpovidaly soucasnym intenzitdm provozu na komuni-
kacich Lamacskd cesta a Mlynskd dolina, které md dsek s tunelem
Sitina nahradit). Velkym problémem bylo stanoveni vstupnich tudaju
tykajicich se prepravy nebezpecnych nakladi. Do programu se zaddva
podil téZkych ndkladnich vozidel pfepravujicich nebezpecny naklad na
poctu viech t€zkych vozidel a déle podily jednotlivych druhti nebez-
pe¢nych ndkladi na celkovém mnoZstvi nebezpecnych nédkladu
v dopravnim proudu. BohuZel na Slovensku ani v Ceské republice se
tudaje o intenzitdch prepravy nebezpecnych ndklada po siti pozemnich
komunikaci nesleduji, proto byly pro vypocet pouzita data zjisténd ve
Francii (francouzskym hodnotdm odpovidaji i hodnoty zndmé

rous goods. The QRAM program is again capable of quantifying
this risk for each of the scenarios, separately for each of them or
cumulatively for all scenarios; it is then possible to compare the
results.

The results of the program were assessed according to the CETU
(a tunnel survey centre, France) methodology [3]. The principle of
this methodology is based on the assessment of the expected values
of the risk of the transport of dangerous goods through a road tun-
nel, i.e. the inherent risks of the tunnel. If the value of the inherent
risk is lower than 10-%/year, the transport of dangerous goods
through the tunnel is not significantly more risky than the transport
on the open road sections, therefore the entry to the tunnel can be
permitted to all kinds of dangerous goods. On the other hand, if the
calculated inherent risk is higher than 103, the CETU methodology
requires that the comparison of the resultant values of the risk
expected on the route with the tunnel with the risk expected on the
alternative by-pass route be undertaken (the comparison method is
commented on in the references). As shown below, the comparison
of the risks on the route with a tunnel with the risks on an alternati-
ve route was carried out also in the case of the Sitina tunnel.

It is necessary for the purpose of the assessment of social risks at
the Sitina tunnel to determine the criteria according which the
results of the analysis will be evaluated, i.e. the boundary values

z Norska a Kanady), implicitné nabizena programem. which tell us whether the development of the F/N curve is accep-
table or risk reducing measures must be implemented. Because no
VYSLEDKY ORAM ANALYZY TUNELU SITINA criteria of this kind have been set out, the assessment of the social

risks in the Sitina tunnel was performed using the criteria which had
been used in Austria and Switzerland, and the criteria which had
been recommended for the Czech Republic by Prof. Holicky [4].

Pro stanoveni hodnot rizik pfepravy nebezpe¢nych naklada tunelem
Sitina byl proveden zdkladni vypocet, pro ktery byla pouzita zdkladni
sada vstupnich parametrd, tzn. byly pouZity znimé redlné vstupni
ldaje a reprezentativni ddaje z modelu provozu. Vzhledem k absenci
redlnych ddaju z provozu, diskutovanych v predchozi kapitole, byla

THE ISSUE OF INPUT DATA

provedena citlivostni analyza jednotlivych vstupnich parametri pro- The input data for the QRAM program can be generally divided
gramu, tzv. postupnou zménou hodnot jednotlivych vstupnich para- into two types. The first type of input data describes the parameters
metra a provadénim dalSich vypoctu byl zjistovéan vliv parametri na of individual sections of the route, such as the horizontal alignment,
vysledna rizika. hourly traffic flows in a given time interval (a parameter allowing

Vysledny prubéh socidlniho rizika dmrti v tunelu Sitina pro jednot- for the variation in the traffic flow), percentage of heavy goods
livé scéndre a téZ pro vSechny scéndre s nebezpeénym ndkladem cel- vehicles, percentage of heavy goods vehicles carrying dangerous
kem jsou zobrazeny na obr. 2. Ocekdvané hodnoty rizika (OR) jsou cargo, occupancy of individual types of cars etc. The other type of
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Obr. 2 Socidlni riziko umrti v tunelu
Sitina ndsledkem nehody podle scéndru
ORAM

A - Rakousko, horni hranice kritéria

B - Ceskd republika (dopor.), horni hra-
nice kritéria

C - Rakousko, Ceskd republika (dopor.),
dolni hranice kritéria

D-S vycarsko, horni hranice kritéria

E - Svycarsko, dolni hranice kritéria

F - F/N krivka — vSechny scéndre
s nebezpecnym ndkladem celkem

1-13 — FIN krivky pro jednotlivé scéndre
(Cislovdni odpovidd tabulce 1)

Kumulativni pravdépodobnost {1/rokikm)
Cumulated frequency (1/year/km)

1.00E-08 ¢

1 00E-10 -
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Fig. 2 Social risk of fatality in the Sitina
tunnel due to an accident according to
the QRAM scenarios
A — Austrian criterion, upper limit
by B — Czech Rep. recommended criterion,
4 | | ] upper limit
Prijateiné H:Ill:;“ia"_ 1Tl C - Austria, Czech Rep. recommended
Acceptable risk 1.El criterion, lower limit

| - iy D - Swiss criterion, upper limit
E — Swiss criterion, lower limit
F - FIN curve — all dangerous goods

Nasledhy (poéet obéti)

100

Consequences (number of fatalities)

uvedeny v tabulce 1. Uvedené ocekdvané hodnoty rizika vSak nelze
chépat jako exaktni reprezentativni hodnoty, slouZi spiSe pro orientac-
ni predstavu, v jakych fddech se riziko v tunelu pohybuje (tzn. zda
k nehodé podle daného scéndfe mize dochédzet v fadech mésict nebo
tieba stovek let). Z vysledku vyplyva, Ze celkové socidlni riziko dmrti
uZivatelu tunelu v dusledku nehody vozidla s nebezpednym nakladem
podle scéndrt s DG se nachdzi v prijatelnych mezich ALARP rakous-
kych a Ceskych kritérif; u §vycarskych kritérif kiivka socidlniho rizika
umrti v tunelu zasahuje do nepfijatelné oblasti, coZ je zpusobené pre-
devs§im vyss$im rizikem nehody podle scéndit 4 a 9. Celkové ofekava-
né riziko dmrti v dusledku prepravy nebezpe¢ného ndkladu tunelem
Sitina ma hodnotu 2,47.107 (tato hodnota odpovidd pravdépodobnos-
ti dmrti 1 osoby za 405 let) a pohybuje se nepatrné nad hranici kritéria
CETU 107.

C. Scénar OR
pouze umrti

1 Pozar tézkého nékl. vozidla bez

nebezpecného nakladu (20 MW) 0
2 Pozér tézkého nékl. vozidla bez

nebezpecného ndkladu (100 MW) 7.98.10°
3 Vybuch expandujicich par vrouctho LPG

v tlakovych ldhvich (50 kg) 0
4 Pozar kaluze motorového benzinu

vyteklého z cisternového navesu 1.90.10°3
5 Vybuch par motorového benzinu

vyteklého z cisternového navésu 2,03.10°
6 Unik chléru z cisternového navésu 2,83.10°
7 Vybuch expandujicich par vrouciho

LPG v cisternovém ndvésu 443.107°
8 Vybuch par LPG v cisternovém navésu 2,25.10°
9 Vzniceni LPG v cisternovém ndvésu 443.10*
10 Unik amoniaku z cisternového ndvésu 7,07.10°
11 Unik akroleinu z cisternového névésu 0
12 Unik akroleinu z tlakovych lahvi 0
13 Vybuch expandujicich par vrouciho CO,

v cisternovém ndvésu (bez toxickych ndsledki) 3,48.10°8

3-13 Scénéfe s nebezpednym ndkladem (3-13)
celkem 247103
1-13 V3echny scénéfe celkem 1,04.107

Tab. 1 Ocekdvané hodnoty rizika umrti v tunelu Sitina ndsledkem nehody
podle scénditt QRAM

involved QRAM scenarios
1-13 - FIN curve for each QRAM scena-
rio according to table 1
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the input data describes structural and operational parameters of the
road tunnel itself, such as the tunnel cross sectional area, distances
between emergency exits, longitudinal gradients of the roadway,
operating ventilation regimes, operating ventilation regimes, emer-
gency ventilation regimes, the time necessary for the activation of
the fire ventilation etc.

The analysis was carried out in the time when the tunnel had not
been in operation yet. For that reason the operational data required
for the QRAM, which was not available at the time of the work on
the analysis (above all the data on the traffic flow), was replaced by
the data obtained by means of models of the operation which were
based on statistical data and studies. This specifically applies to pre-
dicted volumes of traffic through the tunnel; the traffic volumes
used for the QRAM were determined on the basis of the data obtai-
ned from the traffic census conducted in 2005 (last values of the pre-
dicted volumes of traffic through the Sitina tunnel was determined
in the mid 1990s and it did not correspond to the current volumes of
the traffic flow on the Lamacskd Cesta and Mlynskd Dolina roads,
which are to be replaced by the section containing the Sitina tunnel.
The task to determine the input data related to the transport of dan-
gerous goods was a big problem. The program is to be fed with the
data on the percentage of heavy goods vehicles carrying dangerous
cargo of the number of all heavy goods vehicles, and with the per-
centages of individual types of dangerous goods of the overall
amount of dangerous goods found in the traffic flow. Unfortunately,
no data on intensities of dangerous goods traffic within the road net-
work is followed neither in Slovakia or the Czech Republic. For that
reason the data which was used for the calculation and is implicitly
offered by the program was obtained in France (the values found out
in France correspond to the values known from Norway and
Canada).

RESULTS OF THE QRAM ANALYSIS FOR
THE SITINA TUNNEL

A basic calculation was carried out to determine the values of
risks to the transport of dangerous goods through the Sitina tunnel.
It was carried out using a basic input data set, which means that the
known real input data and representative data obtained from traffic
models was used. To compensate for the absence of the real opera-
tional data which was discussed in the previous chapter, a sensitivity
analysis of individual entry parameters of the program was carried
out, i.e. the influence of the parameters on the resultant risks was
identified by means of gradually changing the values of individual
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entry parameters and carrying further
calculations.

The resultant curve for the social
risk of a fatality in the Sitina tunnel in
the cases of the individual scenarios
and all of the scenarios involving dan-
gerous goods as a whole is presented
in Fig. 2. The expected values of the
risk (EV) are presented in Table 1.
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However, the expected values of risk
cannot be understood as exact, repre-
B1 sentative values; they only provide

| hﬂ:— | arough idea of the range within which

the risk in the tunnel fluctuates (i.e.
whether the frequency of an accident
according to the particular scenario
may be in the order of months or, for
example, hundreds of years). It fol-
lows from the results that, according
to the DG scenarios, the overall social
risk of a death of a tunnel user due to
an accident where a vehicle carrying
dangerous goods is implicated is
found within acceptable limits in
terms of the Austrian and Czech

Obr. 3 Socidlni riziko imrti na trase ddlnice D2 s tunelem Sitina a na objizd-
né trase Lamacskd cesta — Mlynskd dolina ndsledkem nehody podle scéndru
ORAM

Al - Trasa ddlnice D2, vSechny nebezp. ndklady, ADR: A (sc. 3-13)

A2 - Trasa ddlnice D2, ndklady povolené v ADR: B (sc. 3-6, 10-13)

A3 - Trasa ddlnice D2, ndklady povolené v ADR: C (sc. 3-5, 12)

A4 - Trasa ddlnice D2, ndklady povolené v ADR: D (sc. 3, 12)

B1 - Objizdnd trasa, vSechny nebezp. ndklady, ADR: A (sc. 3-13)

B2 - Objizdnd trasa, ndklady povolené v ADR: B (sc. 3-6, 10-13)

B3 - Objizdnd trasa, ndklady povolené v ADR: C (sc. 3-5,12)

B4 - Objizdnad trasa, ndklady povolené v ADR: D (sc. 3, 12)

Fig. 3 Social risk of fatality on the D2 motorway route and on the alternative
route Lamacskd cesta — Mlynskd dolina due to an accident according to the
ORAM scenarios
Al — D2 motorway route, all dangerous goods allowed, ADR: A (sc. 3-13)
A2 - D2 motorway route, dangerous goods allowed in ADR: B (sc. 3-6, 10-13)
A3 — D2 motorway route, dangerous goods allowed in ADR: C (sc. 3-5, 12)
A4 — D2 motorway route, dangerous goods allowed in ADR: D (sc. 3, 12)
BI - Alternative route, all dangerous goods allowed, ADR: A (sc. 3-13)
B2 - Alternative route, dangerous goods allowed in ADR: B (sc. 3-6, 10-13)
B3 — Alternative route, dangerous goods allowed in ADR: C (sc. 3-5, 12)
B4 - Alternative route, dangerous goods allowed in ADR: D (sc. 3, 12)

POROVNANI TRASY S TUNELEM SITINA
A ALTERNATIVNI TRASY

Vzhledem k faktu, Ze hodnota oc¢ekdvaného rizika dmrti v tunelu
nésledkem nehody vozidla s nebezpe¢nym ndkladem se ve vétsiné
piipadu citlivostni analyzy pohybovala nad hrani¢ni hodnotou 10-3
kritéria CETU, bylo pfistoupeno k porovndni rizik na trase ddlnice
D2 s tunelem Sitina a na alternativni objizdné trase Lamacska
cesta-Mlynskd dolina. Obé trasy byly podle specifickych poZadavku
programu rozdéleny na jednotlivé useky a na zdkladé statistik s¢itd-
ni dopravy v Bratislavé v roce 2005 byl sestrojen dopravni model.
Pro vyhodnoceni vlivu nehodovych scéndit nejen na osoby v tunelu,
ale i na okolni populaci byl sestrojen model rozloZeni populace
v okol{ tras pro tfidenni obdobi. Pro zhodnoceni moZnosti §ifeni
dusledka nehody byla od Slovenského hydrometeorologického dsta-
vu ziskdna a do programu zaddna vétrnd ruZice pro danou oblast. Pro
tunel Sitina byly v rdmci trasy samoziejmé pouZity stejné vstupni

ﬂ Nasledky (podet obéti) e
Consequences (number of fatalities)

ALARP criteria; regarding the Swiss
criteria, the curve for the risk of
a fatality in a tunnel gets in the una-
cceptable area, which fact is caused by
a higher accident risk level according
to the scenarios 4 and 9. The overall level of the expected risk of
a fatality due to the dangerous goods transport through the Sitina tun-
nels is 2,47.1073 (this value corresponds to the probability of a death of
one person per 405 years), which is slightly above the value of the
CETU criterion limit of 1073,

1000

No. Scenario EV
only for fatality
1 HGV fire 20 MW 0
2 HGYV fire 100 MW 7.98.107
3 BLEVE of LPG in cylinder 0
4 Motor spirit pool fire 1,90.10°
5 | VCE of motor spirit 2,03.107
6 Chlorine release 2.83.107
7 BLEVE of LPG in bulk 443.10°
8 | VCE of LPG in bulk 225.10°
9 Torch fire of LPG in bulk 4,43.10'4
10 Ammonia release 7,07.10°
11 Acrolein in bulk release 0
12 Acrolein in cylinder release 0
13 BLEVE of liquefied refrigerated CO, 348.10°8
3-13 | Scenarios dealing with dangerous goods (3-13)
- aggregated 2471073
1-13  All scenarios - aggregated 1.04.10

Table 1 Expected values of the risk of a fatality in the Sitina tunnel due to an
accident according to the QRAM scenarios

COMPARISON OF THE ROUTE CONTAINING THE SITINA
TUNNEL WITH AN ALTERNATIVE ROUTE

Because of the fact that the value of the expected risk of a fatality
in the tunnel due to an accident in which a vehicle carrying dange-
rous goods in implicated was in the majority of cases above the limit
of 1073 of the CETU criterion, the risk on the D2 motorway contai-
ning the Sitina tunnel was compared with the risk on an alternative
by-pass route Lamacska cesta-Mlynska dolina. Each of the two rou-
tes was divided into sections according to specific requirements of
the program, and a traffic model was developed on the basis of the
traffic census carried out in Bratislava in 2005. A model of distribu-
tion of population in the vicinity of the routes for a 3-day period was
developed for the purpose of the assessment of the influence of the
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Udaje jako v pripadé vypoctu rizik pro samostatny tunel. Cilem
porovndni obou tras bylo vyhodnotit, kterd z tras je vhodnéjsi pro
prepravu uréitého poctu vozidel s nebezpeénym nédkladem
z pocate¢niho do koncového bodu. Z tohoto duvodu byl uvazovan
shodny konstantni pocet vozidel s nebezpe¢nym ndkladem po celé
délce obou tras.

C. ADR*  Scénar OR1 OR2 OR2/
Dalnice  L.cesta /OR1
D2 - M. dolina

1 A-E Pozér tézkého ndkladniho

vozidla bez nebezpecného

nakladu (20 MW) 124.10%  197.10" 1594
2 A-E Pozar tézkého ndkladniho

vozidla bez nebezpecného

nakladu (100 MW) 4,19.107  2,00.10" 4,78
3 A-D Vybuch expandujicich par

vrouciho LPG v tlakovych

lahvich (50 kg) 441.10°  629.10° 1427
4 A,B,C Pozar kaluZe motorového

benzinu vyteklého

z cistern. nivésu 204.10° 321.10° 1,57
5 A,B,C Vybuch par motorového

benzinu vyteklého z cister-

nového ndvésu 133.10*  1.82.10° 13,71
6 A,B Unik chléru z cisternového

navésu 530.10*  532.10° 10,03
7 A Vybuch expandujicich par

vrouctho LPG v cisterno-

vém navésu 8,46.10°  8,17.10* 9,66
8 A Vybuch par LPG v cisterno-

vém navésu 342.10°  187.10% 545
9 A Vzniceni LPG v cisternovém

navésu 447.10%  225.10* 0,50
10 A,B Unik amoniaku z cisterno-

vého ndvésu 124.10*  1,71.10° 13,81
11 A,B Unik akroleinu z cister-

nového navésu 290.10°  403.10* 1391
12 A-D Unik akroleinu z tlakovych

lahvi 202.10¢ 282.10° 13,98
13 A,B Vybuch expandujicich par

vrouciho CO, v cisternovém

navésu 9.00.107  1,29.10° 14733
3-13 Scéndre s nebezpecnym

ndkladem (3-13) celkem 343.10°  138.10% 4,02
1-13 Vsechny scénéie celkem (1-13) ~ 5,77.10%  4,11.100 7,13

* Tento sloupec zndzornuje kategorie tunelu podle ADR, kterymi smi byt
dany nebezpeény ndklad provdZen.

Tab. 2 Ocekdvané hodnoty rizika iimrti na trase ddlnice D2 s tunelem Sitina
a na objizdné trase Lamacskd cesta — Mlynskd dolina ndsledkem nehody
podle scéndiu QRAM

Vysledny prubéh socidlnich rizik na trase ddlnice D2
Lamacskd cesta — Staré grunty a na alternativni trase Lamacska
cesta — Mlynskd dolina jsou porovndny na obr. 3. Na obr. 3 je
rovnéz provedeno porovnéni rizik jednotlivych scéndru sesku-
penych do kategorii podle poZadavku dodatku dohody ADR pro

Tuel

accident scenarios not only on persons in the tunnel but also on the
population in the vicinity. The wind rose for the particular area was
obtained from the Slovakian hydrometeorologic institute and incor-
porated into the program so that the assessment of the possibilities of
the spreading of a fire caused by the accident was possible. Of cour-
se, the input data which was used within the framework of the route
for the Sitina tunnel was the same as that used for the calculation of
risks for the separate tunnel. The objective of the comparison of both
routes was to assess which of the routes is more suitable for the tran-
sport of a certain number of vehicles carrying dangerous goods from
the starting point to the end point. For that reason, an identical, con-
stant number of vehicles carrying dangerous goods was assumed to
exist throughout the length of both routes. '

No. ADR* Scenario EV1 EV2 EV2/
Motorway L. Cesta /EV1
D2 - M. Dolina

1 A-E HGV fire 20 MW 124.10° 197.10" 1594
2 A-E HGV fire 100 MW 4.19.10° 2.00.10™ 478
3 A-D Bleve of LPG in cylinder 441.10° | 629.10° 14.27
4 A,B,C Motor spirit pool fire 204.10° | 321.10° | 157
5 A,B,C VCE of motor spirit 1.33.10* 1.82.10° 13.71
6 A,B  Chlorine release 530.10* = 5.32.10° 10.03
7 A Bleve of LPG in bulk 8.46.10° 8.17.10* 9.66
8 A VCE of LPG in bulk 342.10° 1.87.10* 545
9 A Torch fire of LPG in bulk 447.10% | 225.10* 0.50
10 A,B  Ammonia release 124.10* = 1.71.10° 13.81
11  A,B  Acrolein in bulk release 290.10° = 4.03.10* 1391
12 A-D  Acrolein in cylinder release 202.10° = 2.82.10° | 13.98
13 A,B Bleve of liquefied

refrigerated CO, 9.00.107 | 1.29.10° | 1433
3-13 Scenarios dealing with dangerous

goods (3-13) - aggregated 343.10° | 138.10% | 4.02
1-13 All scenarios (1-13)

- aggregated 577.10% | 4.11.10" | 7.13

* This column represents the ADR categories of tunnels where the passage
of the particular kind of dangerous goods is permitted.

Table 2 Expected values of the risk of a fatality on the route containing the
Sitina tunnel and on the alternative by-pass route Lamacskd Cesta — Mlynskd
Dolina due to an accident according to the QRAM scenarios

The resultant curves for the social risks on the route of the D2 motor-
way between Lamacskd Cesta and Staré Grunty and the alternative route
between Lamacskd Cesta and Mlynskd Dolina are compared in Fig. 3.
Figure 3 also contains the comparison of the risks of the individual scena-
rios aggregated according to the requirements contained in the amendment
to the ADR agreement for both routes. We have found out, by means of
comparing the social risks of a fatality due to an accident on the routes
according to the scenarios for dangerous goods, that the risk calculated for
the D2 motorway route containing the Sitina tunnel is locally even several
times lower than the risk on the alternative route Lamacskd Cesta —
Mlynska Dolina.

The expected values of the risk (EV) are presented in Table 2. We can
find out, by means of comparing the expected overall values of the risk on
the two routes, that the risk on the D2 motorway route containing the Sitina
tunnel is roughly four times lower than the risk on the alternative route
Lamacska Cesta — Mlynskd Dolina.

A recommendation has been made to the owner on the basis of the
above-mentioned comparisons and calculations of the risks for the Sitina
tunnel (and the sensitivity analysis), the risks for the D2 route and for the
alternative by-pass route, also taking into consideration the setting of the
input parameters (they had been set to correspond rather to more unfavou-
rable conditions, therefore we can expect that the resultant risk will be
slightly lower) that the Sitina tunnel be included in the category A (i.e. the
transport of all dangerous goods be permitted) under the condition that
a contaminated water intercepting trap with the volume corresponding to
the volume of one semi-trailer tank (approximately 60m?) as a minimum
will be incorporated into the roadway drainage system. If the trap is not
built, the tunnel should be included in the category E (the transport of all
kinds of dangerous goods through the tunnel restricted).




Obr. 4 Pro porovndni rizik piepravy nebezpeénych ndkladi po trase
s tunelem a po alternativni trase je mozné do programu QRAM zaddvat
tidaje o rozloZeni populace v dané oblasti aZ pro tiidenni obdobi. Na obrdz-
ku je zndzornéno predpokldadané rozloZeni populace za béiného provozu
v okoli tunelu Sitina.

Fig. 4 For a risk comparison of tunnel route and alternative route the
ORAM calculations considering population density (up to three periods) in
the vicinity of the routes can be optionally elaborated. This picture shows
an example of QRAM input of population density during normal traffic
period in the vicinity of Sitina tunnel.

ob¢ trasy. Porovndnim socidlnich rizik dmrti na trasdch
v dusledku nehody podle scéndili s nebezpe¢nym ndkladem
zjistime, Ze vypocitané riziko Umrti na trase ddlnice D2
s tunelem Sitina je misty az nékolikandsobné niz${ nez riziko na
alternativni trase Lamacskd cesta — Mlynska dolina.

Ocekdvané hodnoty rizika (OR) jsou uvedeny v tabulce 2.
Porovnanim celkovych ocekdvanych hodnot rizika obou tras
zjistime, Ze riziko na trase dédlnice D2 s tunelem Sitina je pfi-
blizné 4x niz8{ nez na alternativni trase Lamaclskd cesta —
Mlynska dolina.

Na zédkladé téchto porovndni a vysledki vypodtu rizik pro
tunel Sitina (a jejich citlivostni analyze), rizik pro trasu D2 a pro
objizdnou trasu a po zvéZeni nastaveni vstupnich parametrt
(byly nastaveny na spiSe nepfiznivéjsi podminky, takze vysled-
né riziko muZeme oCekdvat o néco nizsi) bylo investorovi dopo-
ru¢eno zaradit tunel Sitina do kategorie A (povolit pfepravu
vSech nebezpeénych ndklada tunelem), oviem jen pokud bude
do systému odvodnéni vozovky zabudovédna zdchytnd jimka
kontaminovanych vod o objemu miniméln¢ jednoho cisternové-
ho navésu (cca 60 m?). Pokud nddrZ nebude vybudovéna, mél by
byt tunel zarazen do kategorie E (zdkaz prepravy vSech nebez-
pe&nych nédkladd tunelem).

ZAVER

Clanek popisuje postupy a vysledky vyhodnocovini rizik pre-
pravy nebezpe¢nych ndklada silni¢nim tunelem Sitina.
Vysledky byly vypocitdny pro tunel Sitina, ktery ov§em v dobé
analyzy je$té nebyl v provozu, takZe nékteré ze vstupnich para-
metri (pfedevsim data tykajici se dopravy) musely byt stanove-
ny odhadem nebo pievzaty z vyhledovych studii. Udaje
o intenzitiach provozu vozidel prepravujicich nebezpeény ndklad
na komunikacni siti se v Ceské republice ani na Slovensku
nesleduji, proto byla pro analyzu pouZzita zahrani¢ni data.
V zdjmu kazdého sprdvce silni¢niho tunelu, ve kterém je pre-
prava alespon nékterych druht nebezpe&nych nakladu povolena,
by mélo byt sledovani a vyhodnocovani ddaju o vozidlech pre-
pravujicich nebezpecny ndklad tunelem, a to nejen pro ucely
analyzy rizik, ale i pro lepsi soucinnost operétoru s jednotkami
zdchrannych systému v pripad€ havarie nebo nehody. Na zdvér
Ize jen podotknout, 7e dulezitéjsi neZz hodnoceni moZznych
nésledku nehod v tunelu je prevence dopravnich nehod pouzitim
vhodné informaéni kampané zaméfené na uZivatele pozemnich
komunikaci.

ING. LUKAS RAKOSNIK, lukas.rakosnik@satra.cz,
SATRA, spol. s r. o.
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CONCLUSION

The article describes the procedures and results of the assessment of risks
associated with the transport of dangerous goods through the road tunnel
Sitina. The results were calculated for the Sitina tunnel, which, however, was
not operating at the time of the work on the analysis; therefore, some of the
input parameters (above all the traffic data) had to be determined by means
of estimation or were borrowed from forward-looking studies. Foreign data
was used for the analysis because the data on the traffic flow of vehicles car-
rying dangerous goods within the road network in the Czech Republic or
Slovakia has not been monitored. The monitoring and assessment of the data
on vehicles carrying dangerous goods through a tunnel should be in the inter-
est of the operator of any road tunnel through which the transport of at least
some type of dangerous goods is permitted; this is not only for the purpose
of risk analyses but also for improving the cooperation between the operators
and rescue units in the case of an emergency or accident. To conclude, it is
possible only to remark that prevention of accidents by means of an appro-
priate information campaign focused on road users is more important than the
assessment of potential consequences of accidents in a tunnel.

ING. LUKAS RAKOSNIK, lukas.rakosnik@satra.cz,
SATRA, spol. s r. o.
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ZKUSENOSTI PUDIS, A. S., S PRESIOMETRICKYMI ZKOUSKAMI
PRO TUNELY

THE EXPERIENCE OF PUDIS a. s. IN PRESSUREMETER
TESTING FOR TUNNELS

JIRI HUDEK

uvoD

Presiometrické zkousky jsou jednou z terénnich metod geotechnic-
kého prazkumu pro stanoveni pretvarnych a pevnostnich charakteris-
tik hornin. Provddéji se zat€Zovanim stén maloprofilovych vrti (nej-
Castéji na nepaZenych dsecich), a to aZ do hloubky cca 100 m.
Pouzitelné jsou prakticky ve vSech druzich zemin a ve skalnich horni-
néch tfid R 6 az R 3, tj. s extrémné nizkou az stfedni pevnosti, u hornin
s vysokou a velmi vysokou pevnosti R 2 a R 1 uz zpravidla musi byt
nahrazeny dilatometrickymi zkouskami (s vyjimkou z6n tektonicky
porusenych). Aplikuji se pfi prizkumech pro vSechny typy ndro¢nych
staveb a zejména jsou vhodné pro stavby podzemni. Pro tunely overu-
ji vlastnosti zemin a hornin predevsim v jeho nadloZi a bocich.

Princip presiometrického pristroje patentoval francouzsky inZenyr
Louis Ménard v roce 1955 (tehdy jesté student pafizské Ecole Nationale
des Ponts et Chaussées) a v ndsledujicich letech Siroce rozvijel jeho
vyrobu (fada typl) a pouZivani aZ do své predasné smrti v roce 1978.
Metoda se rychle rozsifila po celém svété, stala se jednou z nejcastéji
pouzivanych specidlnich geotechnickych zkousek. Piislusné aparatury
nyni vyrdbi nékolik firem (mimo 2 francouzské, které navazuji na
puvodni Ménardovu, napriklad anglicka a japonskd). PUDIS, a. s., dis-
ponuje touto metodou terénniho testovan{ horninového prostiedi jiz od
roku 1979 (pomineme-li méreni Ceskoslovenskym prototypem pro
metro v letech 1968 — 1969), kdy svym prvnim pristrojem napiiklad zjis-
toval geotechnické charakteristiky pro projekt Strahovského tunelu
(v soucasné dobé vlastn{ 4 aparatury typu Ménard).

METODIKA PRESIOMETRICKYCH ZKOUSEK

Presiometrickou zkouskou se zjiStuje zdvislost deformace stén vrtu
na pusobicim radidlnim tlaku. Tento se stupfiovité zvySuje aZ po kapa-
citu pristroje nebo k dosazeni mezniho tlaku, pri kterém nastane poru-
Sen{ horninového prostred{ (vyviji se smykovd plocha nad a pod presi-
ometrickou sondou).

Schéma presiometru typu Ménard zachycuje obr. 1. Presiometrickd
vélcova sonda se sklddd ze 3 bunék: stfedni méfici a dvou krajnich
ochrannych. Do méfici bunky se privadi kapalina, zpravidla voda, jejiz
objemové zmeny se sleduji volumetrem, ochranné buriky se plni ply-
nem (nejlépe dusikem). Ochranné bunky zabezpe€uji rovnomérné pre-
tvoreni stény vrtu po celé délce méfici bunky — zajistuji splnéni okra-
jovych podminek zkousky. Na povrchu terénu zustdva druhd ¢dst pre-
siometrické aparatury — ovlddaci a odecitaci jednotka (tlaky se sleduji
prostiednictvim prisluSnych manometrl, objemové zmény volumet-
rem). Tyto dvé &asti jsou propojeny hadicemi pro vedeni zatéZovaciho
plynu a kapaliny. Nekteré novéjsi pristroje jsou jiz vybaveny pocita-
¢em a tiskdrnou, takZe jsou ihned k disposici vysledky zkousky
s pretvarnymi diagramy.

Pro pristroje typu Ménard se vyrabi presiometrické sondy praméru 74,
58 a 44 mm. Pro zkousky se pfipravuji jadrové vrty pruméru 76 mm
(NX), 60 mm (BX) a 46 mm (AX). Zatézovaci kapacita pristroju typu
GA (resp. rozsah radidlniho tlaku vyvozovaného na horninové prostiedy)
je 8 MPa.

Zatézovaci postup a vyhodnoceni presiometrickych zkousek byl
nejprve normalizovéan ve Francii, kde prislusné navrhy (viz lit. 1 — 3)
zpracoval osobné Louis Ménard. Po svétovém rozsiteni byla zkouska
standardizovédna napriklad v USA (lit. 5). Relativné velmi brzo byly
piislusné smérnice a normy (lit. 4 a 6) zpracovany i v Ceskoslovensku
(coz byla zésluha predev§im bratislavskych specialistd — zejména
Prof. O. Tavody, DrSc. a Prof. Ing. M. Matyse, Ph.D.). Rovnéz
soucasné ndvrhy evropskych norem se také zabyvaji presiometrickou
problematikou (lit. 7 a 8).

INTRODUCTION

A pressuremeter test is one of field methods of geotechnical survey for
the determination of deformation behaviour and strength properties of
ground. The tests are carried out by means of applying loads on the walls
of small-profile boreholes (most often within uncased sections), up to
a depth of about 100m. They are applicable in virtually any type of soil and
in rocks classified as class R 6 through R 3, i.e. those with extremely low
to medium strength; they usually must be replaced by dilatometer tests in
the cases of the R 2 to R 1 class hard and very hard strength rocks (with the
exception of those found in tectonically disturbed zones). They are applied
in the course of surveys for all types of difficult constructions and they are
especially suitable for underground construction projects. In the case of
tunnels, they are used for the verification of properties of the soil and rock
in the overburden and along their sides.

The pressuremeter principle was patented by Louis Ménard, a French
engineer, in 1955 (at that time being still a student at the Ecole Nationale
des Ponts et Chaussées in Paris). In the following years he continued to
extensively develop the production (many types of the apparatus) and the
use, till his premature death in 1978. The method rapidly spread all over the
world and has become one of the most frequently used specialist geotech-
nical tests. The respective types of the apparatus are manufactured by seve-
ral companies (apart from 2 French firms, which are successors of the ori-
ginal Ménard’s firm, there are others, for instance, English and Japan).
PUDIS a.s. has had this field testing method in its portfolio since 1979 (if
we neglect the measurements carried out by a Czechoslovak prototype for
the Prague metro in 1968 — 1969); at that time the company used its first
apparatus for the determination of geotechnical properties for the Strahov
tunnel construction (today it owns 4 pieces of the Ménard-type apparatus).

PRESSUREMETER TESTING METHODOLOGY

Pressuremeter tests are used to determine the relationship between the
deformation of borehole walls and the radial pressure acting on them.
Obr. 1 Schéma Ménardova presiometru:

=1 &
3 =] 1 - ovlddaci jednotka, 1a — regulacni
% 7 , Ventil diferencidlniho a meériciho
6 tlaku, 1b — meérice tlaku a objemu,
Ic - jednotka snimdni, ukldaddni
a tisku dat, 2a — hadice privodu vody
do sondy, 2b — hadice privodu plynu
do sondy, 3 — hloubkomer, 4 — tyée,
5 — presiometrickd sonda, 5a — horni
ochrannd burika, 5b - stredni meérici
burika, 5¢ — dolni ochrannd burika,
6 — zemina, 7 — presiometricky vrt,
5 8 — duté telo sondy, 9 — pripojovaci
priruba sondy
Fig. I Diagram of a Ménard pressuremeter
1 - control unit, 1a - pressurization,
differential pressurization and injection
devices, 1b -pressure and volume
measuring devices, I¢ - acquisition,
storage and printing out of the data,
2a - line for liquid injection, 2b - line
for gas injection, 3 - depth measurement
system, 4 - rods, 5 - pressuremeter
probe, 5a - upper guard cell, 5b - central
measuring cell, 5c - lower guard cell,
6 - ground, 7 - pressuremeter borehole,
8 - probe body, hollow, 9 - probe rod
coupling
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Dle standardniho normového postupu se pfi zkouskdch odecitaji
objemové deformace po 15, 30 a 60 sekundéch. Pfi vyhodnoceni je
nutné respektovat korekce tlakovych a objemovych ztrdt dle prislus-
nych kalibraénich kiivek. Zde je zejména duleZité normové kritérium
(lit. 8) omezujici rozsah objemovych korekci (parazitni deformace —
napifklad membrén a povlaku presiometrické sondy a propojovaci
hadice) hodnotou 25 %. Z této totiZ vyplyva hranice, do jaké tuhosti
horninového prostred{ (vyjadrené presiometrickym modulem pretvar-
nosti) Ize jesté pouZit konkrétni aparaturu. Tato hodnota se vétSinou
pohybuje (predevS§im v zdvislosti na typu povlaku presiometrické
sondy) v intervalu Eqm 2000 az 5000 MPa. Pii vyhodnoceni je déle
respektovan tcinek hydrostatického tlaku (resp. vrtného vyplachu).

7 pretvarnych diagramu (piiklad na obr. 2) se stanovuji ze zdvislos-
ti objemové deformace na vyvozeném radidlnim tlakovém napéti (resp.
predevsim z funkce teceni mezi 30 a 60 sekundami) ndsledujici hranic¢-
ni body mezi tfemi fazemi (pruznou, pseudoelastickou a plastickou):

— p, zacatek pseudoelastické féaze, tj. radidlni napéti, pii kterém
dochdzi k opétnému uzavirdni péru ¢i délicich ploch rozevie-
nych po uvolnéni v dasledku odvrtdni. Toto napéti se nékdy
(nespravné) oznacuje jako ,.tlak v klidu®;

— pr hranice mezi pseudoelastickou a plastickou fdzi pretvoreni
(resp. konec linedrniho stadia pretvarného diagramu) oznacova-
né jako mez teCeni ¢i dotvarovaci napétf;

— pum mezni radidlni tlak, pfi kterém se porusuje materidl na sténach
vrtu (vytvédfeni kluznych ploch v dusledku piekroceni smyko-
vé pevnosti). Je zpravidla extrapolovany (pfi jeho vlastnim
dosaZeni by se v dusledku vyvoje smykovych ploch vrt zava-
lil), konstruovany napriklad jako asymptota (ve sméru osy
usecek) k pretvarnému diagramu.

Nejdulezitéjsim vysledkem zkousky je Ménarduv presiometricky
modul pretvarnosti Egyy, ktery je stanoven vzdy z linedrni pseudoelas-
tické faze pretvarného diagramu (a je tedy maximdlni hodnotou modu-
1u pretvarnosti v zdvislosti na napjatostnich oborech). Tento je zpravi-
dla pocitan ze vztahu:

Eom=20+V) (Vo + V) . Ap /Av
kde znadf: v, zdkladni objem stfedniho ¢lanku sondy (nulové Eteni)
Vi objem vody natlacené do méfici buriky stfednim tlakem
pm
A p/Av smérnice pretvarného diagramu v linedrni pseu-
doelastické fazi
Vv Poissonovo ¢islo

Vyse popsany postup plati pro tzv. standardni Ménardovu zkous-
ku. V pripadech nutnosti zjistit nejen modul pretvérnosti, ale i modul
pruznosti se v linedrni pseudoelastické fazi zarazuje smycka
s postupnym odlehenim a opétnym zatéZovanim (tzv. modifikovana
Ménardova zkouska) a ze stejného vztahu se analogicky (ale na pod-
kladé pruznych pretvofeni) stanovi Ménarduv presiometricky modul
pruznosti Ey;.

Presiometrické zkousky se umistuji do zdjmovych intervald hor-
ninového prostiedi, obecné L. Ménard doporucoval jejich provadéni
v metrovych vzdalenostech. Jejich vysledky se Casto zobrazuji
v hloubkovém diagramu.

PRESIOMETRICKE ZKOUSKY PUDIS, A. S.,
PRO GEOTECHNICKE PRUZKUMY

ZkuSenosti PUDIS, a. s., s presiometrickymi zkouskami pro geo-
technické pruzkumy sahaji a7 do konce 60. let minulého stoleti
(prototyp Ceskoslovenské vyroby zapujéeny VUT Brno pro méfeni
na I. provoznim tseku trasy C prazského metra), pravidelné pouZzi-
vani po ziskdni presiometru typu Ménard GB od roku 1979.
V leto$nim roce byl prekrofen polet 10 000 presiometrickych
zkousek realizovanych timto pracoviitém. Cést jich byla pro ndrog-
né pozemni a mostn{ stavby s ploSnymi ¢i pilotovymi zaklady, pro
které jiz i ndvrhy evropskych norem (EUROCODE 7 - lit. 8) obsa-
huji algoritmy pro unosnost a seddni se vstupnimi geotechnickymi
charakteristikami pfimo stanovovanymi z vysledku presiometric-
kych zkouSek.

7 geotechnickych prizkumi pro tunelové stavby realizoval
PUDIS, a. s., jednu ze svych prvych sérif presiometrickych méreni
(brzy po ziskdni presiometru typu Ménard GB v roce 1979) na trase
Strahovského tunelu, ktery je souddsti Méstského okruhu v Praze
(zde paralelné provadél i dilatometrické zkousky). Velké mnoZstvi
(nékolik set) presiometrickych zkouSek probéhlo pro dosud nejna-
ro&néjii tunel v Ceské republice — Mrazovka — budovany rovnéz na
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Obr. 2 Priklad charakteristického pretvdrného diagramu presiometrické zkousky
Fig.2 An example of the characteristic stress-strain curve obtained by a pres-
suremeter test

The pressure is stepwise increased until the capacity of the apparatus is
exhausted or the limit state is reached under which the ground environ-
ment fails (a shear plane develops above and below the pressuremeter
probe).

A diagram of the Ménard-type pressuremeter is shown in Fig. 1.
The pressuremeter cylindrical probe consists of 3 cells: a measuring
cell in the middle and two guard cells on its ends. A liquid, usually
water, is supplied to the measuring cell; the volumetric changes of the
liquid are monitored using a volumeter. The guard cells are filled with
a gas (preferably nitrogen). The guard cells ensure uniform deforma-
tion of the borehole wall throughout the length of the measuring cell,
thus they ensure that the boundary conditions are met. The second
part of the pressuremeter apparatus, i.e. the control and read-out part
(the pressures and volumetric changes are monitored through pressu-
re gauges and a volumeter), remains on the terrain surface. The two
parts are interconnected by the loading gas and the liquid feeding
hoses. Some newer types of the apparatus are equipped with
a computer and printer. They provide immediate test results and
stress-strain curves.

The diameter of pressuremeter probes which are manufactured for
Ménard-type apparatus is 74, 58 and 44mm. The diameter of the
boreholes which are prepared for the testing is 76 mm (NX), 60 mm
(BX) and 46 mm (AX). The loading capacity of GA-type apparatus
(or the range of the radial pressure applied to the rock mass)
is 8 MPa.

The loading procedure and evaluation of the pressuremeter tests
were first standardised in France, where the respective specificati-
ons (see Ref. 1 — 3) were developed personally by Louis Ménard.
Once the test had spread all over the world, it was standardised, for
instance, in the USA (see Ref. 5). Relatively very soon, the relevant
directives and standards (Ref. 4 and 6) were prepared even in
Czechoslovakia (primarily owing to specialists in Bratislava, main-
ly Prof. O. Tavody, DrSc, and Prof. Ing. M. Matyse, PhD.). The cur-
rent drafts of European standards also deal with the pressuremeter
issues (Ref. 7 and 8).

According to the standard procedure, the volumetric strain is read
every 15, 30 and 60 seconds during the tests. The pressure losses
and volumetric losses determined according to the respective cali-
bration curves must be respected when the evaluation is being car-
ried out. The standard criterion (Ref. 8) which sets a limit to the
extent of the volumetric corrections (parasite strain, e.g. that of
membranes and coatings on the pressuremeter probe and the inter-
connecting hose) at a value of 25% is particularly important here.
This is because this value is a basis from which a limit for the stiff-
ness of the rock mass is derived (expressed by means of the pressu-
remeter modulus of deformation) to which a particular type of the
apparatus is applicable. This value varies (above all depending on
the type of the coating of the pressuremeter probe) mostly within the
interval Eom 2000 to 5000 MPa. The effect of the hydrostatic
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Obr. 3 Presiometrické zkousky z pruzkumné §toly Mrdzovka (pristroj Ménard
—typ GA)

Fig. 3 Pressuremeter tests carried out from within the Mrdzovka exploratory
gallery (the GA type of Ménard pressuremeter)

Méstském okruhu v Praze (velké rozméry tfipruhového tunelu
a rozpletu s malym nadloZzim tvofenym velmi mdlo pevnymi
a zvétranim a tektonikou poruSenymi horninami a soucasné
s podchodem pod starou az pétipodlazni zdstavbou). Zkousky zde
byly provadény jak v etapé podrobného pruzkumu ve vertikdlnich
vrtech z povrchu terénu, tak i pii etapé dopliujici z pruzkumné §toly.
Podminky téchto zkouSek v podzemi ilustruje fotografie na obr. 3.
Jako priklad vysledki jsou na obr. 4 uvedeny hodnoty presiometric-
kych modul pietvarnosti zjisténé ve véjifi (skladajiciho se z 5 razné
orientovanych vrta) ve stani¢eni 14,512 km vychodniho tunelu pod
ulici na Doubkové. Prislusné vrty a presiometrické zkousky byly
v tomto pripadé realizovany v rdmci dopliujiciho geotechnického
prizkumu z pfedstihové vyraZzené kaloty pravého bo¢niho tunelu.
Horninové prostfedi tvofily zdravé jilovité bridlice libeniského sou-
vrstvi (ordovik). V nadloZi tunelu byl zji§tén prumérny presiometric-
ky modul pretvarnosti Eom v hodnoté cca 170 MPa, v bocich 620
a v podlozi 1000 MPa. Pfi interpretaci do statickych vypoctu je tyto
moduly nutné redukovat s ohledem na vystizeni objemového
a Casového méfitka zkouSek. Tato redukce zde Cinila pfiblizné 50 %.

Z dalsich geotechnickych prizkuma pro tunelované &asti na
Méstském okruhu v Praze je dileZity predeviim dsek Spejchar —
Pelc-Tyrolka (v€etné podchodu Vitavy a Stromovky), kde bylo cel-
kem nékolik set presiometrickych zkouSek (pfedevs§im méfeni
z prizkumné $toly).

Pri geotechnickych pruzkumech pro tunely na silni¢nim okruhu
kolem Prahy byly presiometrické zkousky jak ve vrtech z povrchu
terénu, tak i z pruzkumné $toly pro stavby 514 (tunel Lochkov) a 513
(tunel Komorany).

V ramci mimopraZzskych geotechnickych prizkumu realizovala
firma PUDIS, a. s., presiometrické zkousky napfiklad pro silni¢ni
tunel Hrebe¢ a ddle predev§sim na dadlnici D8 tunely Radejéin
a Prackovice (opét z povrchu terénu i z pruzkumné $toly).

Vyznamn4 jsou i presiometrickd méfeni PUDIS, a. s., pro Zelez-
ni¢ni tunely (nové trasy i rekonstrukce). V roce 1988 to bylo pro roz-
plet III. Vinohradského Zelezni¢niho tunelu, zde se dokonce jednalo
jiZ o presiometrickou ¢4st kontroly dspé$nosti zpeviovaci injektdze
v tunelovém nadlozi pod Anglickou ulici. Na optimalizaci Zeleznic-
ni traté Zabieh — Krasikov to bylo pro tunely Mald Huba, Hnév-
kov I a Hnévkov II a traté Krasikov — Ceska Tfebova pak tunely
Trebovicky a Krasikov. Na Zelezni¢nim koridoru byly presiometric-
ké zkousky pro dva tunely u Nelahozevsi. Z novych tras byly série
zkouSek pro tunel Bfezno (zde byla aplikovdna i dilatometrickd
meéfeni) a v Praze na stavbé Nového spojeni pro tunely Vitkov.

Pro prazské metro se presiometrickymi zkouSkami podilel
PUDIS, a. s., pouze méfenim pro IV. provozni dsek trasy C Néadrazi
HoleSovice — Ladvi, a to dvéma sériemi zkouSek pro tratovy tunel
pobliz stanice Kobylisy.

Tuel

pressure (or the pressure of the drilling fluid) is another factor which
is respected during the assessment.

The stress-strain curves (see, for example, Fig. 2) are used for the
determination of the dependence of volumetric strain on the induced
radial compression stress (or, above all, the dependence on the func-
tion of creep in the time interval between 30 and 60 seconds), which
allows the determination of the following boundary points between
three phases (elastic, pseudoplastic and plastic):

- Po is the beginning of the pseudoplastic phase, i.e. the radial
stress under which the pores or joints which opened after the
relaxation caused by the drilling again close. This stress is in
some cases called (incorrectly) “a pressure at rest”.

- pr is the border between the pseudoplastic and plastic phases of
deformation (or the end of the linear stage of the stress-strain
curve), which is referred to as the creep limit or creep stress.

- puum is the limit radial pressure under which the material of the

borehole walls fails (slipping planes develop as a result of
the shear strength being exceeded). It is usually extrapolated
(the borehole walls would collapse if the limit were rea-
ched); it is constructed, for example, as an asymptotic line to
the stress-strain curve (in the direction of the coordinate
axis y).

The most important result of the test is Ménard’s modulus of
deformation Eom, which is always determined from the linear pseu-
doplastic phase of the stress-strain curve (therefore, it is the maxi-
mum value of moduli of deformation relative to the stress ranges).
It is usually calculated from the relationship:

Eom=2 (1 +V) (Vo + V) . Ap /Av
where: v, is the basic volume of the central part of the probe
(a zero reading)

No. 4/1249
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Obr. 4 Tunel Mrdzovka — presiometricky véjir pod ulici Na Doubkové s vysledky
modulii pretvarnosti Eop v 5 ovérovacich vrtech v liberiskych bridlicich

1 — navdzky, 2 — deluvidlni sedimenty, libenské bridlice: 3 — rozloZené,
4 - zvétralé, 5 — navétralé, 6 — zdravé, 7 — hladina podzemni vody (po sniZeni
razbou toly)

Fig. 4 Mrdzovka tunnel — a fan of pressuremeter boreholes under Na
Doubkové Street; with the results of measurements of moduli of deformation
Eop in five verification boreholes through the Liberi Shale

1 — man-made ground, 2 - diluvial sediments, Liben Shale: 3 — decomposed,
4 — weathered, 5 — slightly weathered, 6 — fresh, 7 — water table (drawn down
by the gallery excavation)
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V néro¢nych dsecich se pouZivd presiometrie i u tuneli mensich v is the volume of water pumped to the measuring cell using the
profilu. Piikladem v tomto sméru je kolektor Hlavkim most pfi pod- medium pressure pm
chodu pod fe¢idtém Vltavy, vrtné i méfici prace zde byly provadény A p/Av is the slope of the stress-strain curve in the pseudoplastic
z pontonu na fece (viz. foto ¢. 7), ddle kolektor Centrum (smichov- phase
ské ¢dst) nebo napiiklad razeny kolektor Cesky Krumlov — Latrdn v Poisson’s ratio
(r. 1989). The above described procedure is applicable to the so-called
Z vy3e uvedencho prehledu je ziejmé, Ze v souvislosti s rozvojem standard Ménard’s test. In the cases where it is necessary to deter-

tunelového stavitelstvi v Ceské republice v poslednich asi dvaceti
letech se pii geotechnickych pruzkumech Siroce uplatiuji jako
moderni metoda presiometrické zkousky a jejich dodavatelem je zde
nejcastéji PUDIS, a. s. Je to i v pfipadech, kdy zpracovatelem celé-
ho geotechnického pruzkumu pro piisluSnou stavbu je jind pru-
zkumna organizace a PUDIS, a. s., zde doddva pouze presiometric-
ké zkou$ky a jejich zhodnoceni (nebo napriklad jesté i laboratorni
zkousky mechaniky hornin).

Dlouhodobé zkuSenosti PUDIS, a. s., s presiometrickymi zkous-
kami byly zdroCeny i pii geotechnickych prizkumech pro tunelové
a podzemni stavby v zahrani¢i. U naSich nejblizSich sousedu ve
Slovenské republice to bylo v roce 1994 pii pruzkumu pro podzem-
ni sklad jaderného paliva v jaderné elektrairné Mochovce a v roce PRESSUREMETER TESTS CONDUCTED BY PUDIS A.S.
2005 pro dalni¢ni tunely na D1 v dseku Hubovd — Ivachnova. Jiz FOR THE PURPOSE OF GEOTECHNICAL SURVEYS
drive (v letech 1985 — 1987) to bylo v Alzirské arabské republice,
kde se sice jednalo o fadu prazkuma pro piehrady (asi 10 — prevaz-
né na fekédch v podhuif Atlasu), ale jako dopliujici konstrukce zde
byly i podzemni stavby (napfiklad obtokové tunely). Z ddlni¢nich
tunelu to byla presiometrickd (a dilatometrickd) méfeni v letech
1991 — 1992 v Rakousku v oblasti Semmeringu (zde to byly zkous-
ky az do hloubky 100 m).

mine not only the modulus of deformation but also the modulus of
elasticity, a loop is added in the linear pseudoplastic phase, with gra-
dual decompression and repeated loading (the so-called modified
Médard’s test), and the Médard’s pressuremeter modulus of elastici-
ty Epp is derived from the same relationship analogically (but on the
basis of elastic deformation).

Pressuremeter tests are located at specific intervals of interest in
the ground environment; in general, L. Ménard recommended that
they be carried out at 1m intervals. Their results are often displayed
in the form of a vertical diagram.

PUDIS a.s. experience in pressuremeter tests for geotechnical
surveys goes back to the end of the 1960s (a Czechoslovakia-made
prototype, which was borrowed from the Technical University in
Brno for the purpose of measurements on the 1st operating section
of Prague metro Line C); the regular use started in 1979 after the
purchase of a Ménard GB pressuremeter. This year, the number of
pressuremeter tests carried out by this workplace has exceeded

PRESIOMETRIE PRI GEOTECHNICKEM MONITORINGU — 19,000, Part of the tests was conducted for complex bulldings and
KONTROLA INJEKCNIHO ZPEVNENl r1idges rounded on 5pred ootings or piles, 1.€. € structures 10r

which the algorithms for the loading capacity and settlement have
been contained even in the drafts of European standards (EURO-
CODE 7 —ref. 8) — the input geotechnical characteristics were deter-
mined directly from the pressuremeter test results.

One of the first series of pressuremeter measurements, which
were carried out for tunnelling projects by PUDIS a.s. within the
framework of geotechnical surveys (soon after the Ménard GB-type
pressuremeter had been obtained) were the measurements along the
route of the Strahov tunnel, which is part of the City Circle Road in
Prague (dilatometer tests were carried out there in parallel).

A large number (several hundreds) of pressuremeter tests were

Presiometrické zkousky lze aplikovat kromé geotechnickych pra-
zkumu také pro ruzné Kontroly pii realizaci staveb. Piikladem
v tomto sméru bylo ovéfeni injekéniho zpevnéni hornin v nadloz{
automobilového tunelu Mrazovka v Praze (Ceské republika). Tento
tiipruhovy tunel (schéma na obr. 5) byl velmi ndro¢nou podzemni
stavbou se §itkou vyrubu 16,6 m, vyskou 12,5 m a prufezovou plo-
chou 165 m2 (v rozpletu az 335 m2). V &dsti trasy je tunel veden
velmi mélko pod povrchem terénu, napiiklad v oblasti prilehlé
k ulici Ostrovského mocnost tunelového nadloZi klesd aZ na 16 m.
Z tohoto na navétralou a zdravou skalni horninu (ordovické libenské
souvrstvi — mékka jilovitd bridlice s nizkou pevnosti R 4 — zde pru-

mérnd pevnost dlomkil 12 MPa a masiv s vysokym stupném tekto- conducted for the till now the most difficult tunnelling project in the
nického poruseni) pripadd pouze 5 m. Tunel zde prochazi pod 100 Czech republic, the Mrdzovka tunnel, which was also built on the
let starou zdstavbou (a7 pétipodlazni), jejiz zdklady jsou pouze City Circle Road in Prague (large dimensions of the three-lane tun-
12,5 m nad jeho vrcholem. Bezpeéné razeni Novou rakouskou tune- nel and a trouser leg section, which was built under a shallow cover
lovaci metodou Vyiadova]o mimo vertikalni ¢lenéni v)’/rubu jegté consisting of very weak rock disturbed due to weathering and faul-
doplnujici soubor sanaénich opatfeni. Jednim z nich byla zpeviiova- ting, passing under old, up to five-storey buildings). The tests were
cich injektaz. Jejich tkolem bylo vyplnit rozdélovaci plochy injek¢- carried out in the phase of both the detailed survey (in vertical holes
ni smési a dosdhnout: bored from the surface) and an additional survey (from within an
— snizen{ pravdépodobnosti provoznich havarif (typu nadmérnych exploration gallery). The conditions under which the underground
vylomu nebo ztrdty stability &ela vyrubu) z davodu vyskytu mimo- tests were carried out are illustrated in Fig. 3. An example of the
fadné nekvalitnich skalnich hornin; results is presented in Fig. 4 showing the values of the pressureme-
— sniZenf extrémi prib&hu poklesové kotliny; ter moduli of elasticity determined in the eastern tunnel tube, in
—omezeni seddni nadloZi tunelu s ovlivnénim povrchové za- a fan consisting of 5 boreholes drilled at chainage km 14.512, under
stavby; Na Doubkové Street. In this particular case, the respective boreho-

— zamezeni ndhlym pfitokim podzemni vody do tunelového dila.
InjektdZ byla provddéna z dfive vyraZené pruzkumné §toly. Byla
pouzivdna injekéni smés cementovd, stabilizovand bentonitem.
Systém usporddani injekénich vrtd (aZ 21 kust v jednom véjifi)
v pri¢ném fezu zachycuje obr. 5. Vzdjemnd vzddlenost injek¢nich
vEjift byla 3,5 m a mocnost obdlky proinjektované horniny od 3 m
do 5 m. Injekéni tlaky byly voleny do 6 MPa (trhaci do 17 MPa).
Presiometrické zkousky kontrolujici dspéSnost injektdZe byly
soucdsti geotechnického monitoringu vystavby tunelu. Jejich tko-
lem bylo poskytnout podklady pro posouzeni G¢innosti zpeviujicich
(sana¢nich) injektdZi, a to jak po strdnce zvySeni tuhosti, tak

les and pressuremeter tests were carried out within the framework of
an additional geotechnical survey, from within the top heading exca-
vated in advance as a part of the right side-wall drift. The rock envi-
ronment consisted of sound Liben strata of clayey shale (the
Ordovician period). The average pressuremeter modulus of defor-
mation EoM values of about 170MPa, 620MPa and 1000MPa were
determined in the overburden, on the sides and in the sub-grade res-
pectively. When these moduli are being incorporated into structural
calculations, they must be reduced with respect to the need to allow
for the volume and time scale of the tests. This reduction made up

i pevnosti horninového prostredi. roughly 50% in this particular case.

Kontrolni presiometrické zkousky byly situovany do jadrovych Another significant geotechnical survey of those carried out for
vrtd praméru 60 mm, které byly umistény do véjifu uprostied mezi tunnels on the City Circle Road in Prague is, above all, the survey
injek&nimi vé€jifi (obr. 5). Pro srovndvaci méfeni zachycujici stav along the route section between Spejchar and Pelc Tyrolka (inclusi-
pied injektdZi slouzily dovrchni vrty situované v ose prazkumné ve of the passage under the Vltava River and Stromovka Park),
Stoly. Posouzeni bylo zaloZeno na statistickém zpracovani vysledku where several hundreds of pressuremeter tests were carried out
z obou etap. Ke zkouSkdm byl pouZit presiometr francouzské firmy (mostly measurements from within an exploration gallery).
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Ménard typ GA, urCeny pro skalni horniny (rozsah radidlniho tlako-
vého napéti 8 MPa) s namontovanou sondou BX (prumér 58 mm).

Na podkladé vysledki dvou injekénich pokusi (provedenych
v obdobném prostfedi v rdmci dopliujictho inZenyrsko-geologické-
ho prizkumu a zahrnujici presiometrické zkousky pred a po injek-
tazi) byla stanovena ndsledujici kritéria pro horninové prostred{
zpevnéné injektdZi vztazend k presiometrickym modulim pfetvér-
nosti Eop :

— pramérna hodnota > 200 MPa

— rozsah hodnot mensich nez 100 MPa < 22 %

— rozsah hodnot mensich nez 70 MPa < 15 %

— rozsah hodnot mensich nez 50 MPa < 8 %

— rozsah hodnot mensich nez 30 MPa <5 %

Piiklad prubéhu presiometrickych modult pretvérnosti Eop ve
vybraném kontrolnim profilu 008 (stfed vrtu v km 4,851 — tj. pod
domem Ostrovského ¢. 19/1193) zachycuje obr. 5. Pred injektazi
byla primérnd hodnota Eop = 131 MPa a po ni Eop = 212 MPa.

Posouzeni efektu zpevnujici injektdZe v celém udseku prilehlém
k ulici Ostrovského umoZnuje statistické zpracovéni vysledku pre-
siometrickych modult pfetvdrnosti Eop z kontrolnich profila 005
az 009 (umisténi podél trasy — viz obr. 6). Predevsim se zde zvy-
ila prumérnd hodnota (z méfeni u 5 v&jift) presiometrického

Zx 2

modulu pretvdrnosti ze 101 MPa pred injektdZzi na 216 MPa po ni.

No. 1190 No. 1193

No. 1194
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Obr. 5 Tunel Mrdzovka — priubéh presiometrickych modulu pietvdrnosti po
injektdzi v kontrolnim profilu 008 (stied vrtu v km 4,851) s vyznaénym systé-
mem injekénich vrtu

1 - zdklady domit, 2 — deluvidlni sedimenty, liberiské b¥idlice: 3 — rozloZené,
4 — zveétralé, 5 — naveétralé, 6 — zdravé, 7 — Fevnické kiemence, 8 — zdpadni
tunelovd trouba Mrdzovka, 9 — pruzkumnd $tola, 10 — zéna injektdze, 11 —
kontrolni presometrické vrty

Fig. 5 Mrdzovka tunnel - the curve for pressuremeter moduli of deformation
at the check profile 008 (the boreholes centre being at km 4.851) after the
grouting, with the system of grouting holes

1 - foundations, 2 - diluvial sediments, LIBEN SHALES: 3 - decomposed,
4 - weathered, 5 - slightly weathered, 6 - fresh, 7 - Revnice Quartzites,
8 - Mrdzovka tunnel - western tube, 9 - exploratory gallery, 10 - grouting
zone, 11 - checking pressuremeter boreholes

TuoufHel

The geotechnical surveys for the tunnels on the Prague City Ring
Road comprised pressuremeter tests carried out in boreholes drilled
both from the ground surface and from within the exploration galle-
ry for construction lots 514 (the Lochkov tunnel) and 513 (the
Komorany tunnel).

PUDIS a.s. carried out pressuremeter tests also in the framework
of geotechnical surveys outside Prague, for example for the Hfebe¢
road tunnel or, above all, the Radej¢in and Prackovice tunnels on the
D8 motorway (again from the ground surface and from within an
exploratory gallery.

The pressuremeter measurements carried out by PUDIS
s. 1. 0. for railway tunnels (new lines and reconstructions), are also
important. The work for the bifurcation chamber of the Vinohrady
III railway tunnel in 1988 represented the pressuremeter part of the
process of checking on the effectiveness of the stabilisation grouting
into the tunnel overburden under Anglickd Street. Regarding the
work on the optimisation of railway lines, the tests were conducted
for the Zdbreh — Krasikov line (the Mald Huba, Hnévkov I and
Hnévkov 1I tunnels) and the Krasikov - Ceskd Trebovd line (the
Trebovice and Krasikov tunnels). The pressuremeter tests were car-
ried out on a railway corridor, namely for two tunnels near
Nelahozeves. Of the new railway lines, series of tests were conduc-
ted on the Bfezno tunnel (dilatometer measurements were also app-
lied to this tunnel construction) and on the Vitkov tunnels in Prague
(the New Connection project).

'The Prague metro required PUDIS a.s. to carry out pressuremeter
tests only for the 4th operating section of Line C (between Nadrazi
HoleSovice and Ladvi stations); two series of the tests were perfor-
med there, namely for a running tunnel near Kobylisy station.

The pressuremeter testing is used even for smaller profile tunne-
Is, in difficult sections. As examples, we can mention the section of
the utility tunnel Hlavkuv Bridge passing under the Vltava River
bed (the drilling and measurement operations were carried out from
a pontoon - see Fig. 7), the utility tunnel Centrum (the part in the
Smichov district) or the mined utility tunnel under Latrdn Street in
Cesky Krumlov.

It is obvious from the above overview that pressuremeter testing
has broadly asserted itself as a modern method in the field of geo-
technical survey roughly during the course of the recent twenty
years, in the context of the development of tunnel engineering in the
Czech Republic. The testing contractor has most frequently been
PUDIS a.s. It is so even in the cases where the contractor for the
overall geotechnical survey for the particular project is another sur-
vey organisation and PUDIS a.s. is a sub-contractor providing the
pressuremeter tests and assessment of their results (or, for example,
also rock mechanics laboratory testing).

PUDIS a.s. used its long experience in the pressuremeter testing
also at geotechnical surveys for tunnelling projects and other
underground constructions abroad. It worked for our closest neigh-
bours in Slovakia when it carried out a survey for the underground
storage for nuclear fuel at the nuclear power plant in Mochovce in
1994 and for tunnels on the motorway D1 section Hubovd —
Ivachnova in 2005. Even earlier, in 1985 — 1987, it operated in the
Algerian Republic Arabic. The main objective of the surveys were
dams (about 10 dams mostly on rivers in the foothills of the Atlas)
but they also comprised underground structures (e.g. diversion tun-
nels). Regarding motorway tunnels, pressuremeter (and dilatometer)
measurements were performed in the Semmering region, Austria, in
1991 — 1992 (the testing boreholes reaching a depth up to 100m).

PRESSUREMETER TESTING FOR MONITORING PURPOSES
— CHECKING ON STRENGTHENING BY GROUTING

Apart from geotechnical surveys, pressuremeter tests are appli-
cable to various checks during the construction phase. As an exam-
ple, we can mention the verification of the strengthening of the rock
mass in the overburden of the Mrdzovka vehicular tunnel in Prague,
the Czech Republic. The construction of this three-lane tunnel (see
the chart in Fig. 5) with the excavated cross section width of 16.6m,
height of 12.5m and cross sectional area of 165m?2 (up to 335m2 in
the trouser leg section) was very difficult. A part of the tunnel route
leads very near to the surface; for example, the thickness of the
cover in the area adjacent to Ostrovského Street decreases to about
16m. Only 5m of this thickness is made up of slightly weathered and
fresh rock (the Ordovician Liben strata — weak clayey shale with
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Obr. 6 Prubéh priumérnych pr trickych modulu pretvdrnosti pred a po
injektdzi v iiseku zdpadni trouby tunelu Mrdzovka prilehlé k ulici
Ostrovského (s vyznadenym systémem injekénich véjiru)

1 — navdzky, 2 — deluvidlni sedimenty, libeniské bridlice: 3 — rozloZené,
4 — zveétralé, 5 — navétralé, 6 — zdravé, 7 — Fevnické kiemence, 8 — zdpadni
tunelovd trouba Mrdzovka, 9 — pruzkumnad $tola, 10 — zéna injektdze 5 m,
11 — kontrolni profily s presometrickymi véjiri, 12 — pred injektazi, 13 — zvy-
Seni dosaZené injektdzi, 14 — poZadované smluvni kritérium: Priumérny presi-
ometricky modul pretvirnosti Eop = 200 MPa

Fig. 6 The curve for pressuremeter moduli of deformation prior to and after
grouting within the Mrdzovka west tunnel section adjacent to Ostrovského
Street (with the system of fans of grouting boreholes)

1 - man-made ground, 2 - diluvial sediments, Liberi Shales: 3 - decomposed,
4 - weathered, 5 - slightly weathered, 6 - fresh, 7 - Revnice Quartzites,
8 - Mrdzovka tunnel - western tube, 9 - exploratory gallery, 10 - grouting
zone, 11 - check profiles with pressuremeter fans, 12 - prior to grouting,
13 - increase achieved by grouting, 14 - the criterion required by the contract:
average pressuremeter modulus of deformation Eop = 200MPa

Toto zvétSeni modult (resp. zmenSeni stlatitelnosti) reprezentuje
114 %. Také se snizily relativni charakteristiky rozptylu, tj. zvysi-
la se homogenita horninového masivu.

Z komplexniho porovndni s vySe uvedenymi smluvnimi kritérii
vyplyvd, Ze pred injektdZi byl stav hor$i u vSech profilt. Po injekta-
Zi bylo vyhovujictho stavu dosaZeno v profilech 005, 008 a 009.
Profily 006 a 007 sice jeSt¢ nevyhovovaly, ale stupen zpevnéni zde
byl relativné také vysoky — pfed injektdZi pramérny Eop = 84 a 80
MPa, po injektdzi 135 a 156 MPa. Tyto profily se nenachdzely
pfimo pod ndro¢nou povrchovou zdstavbou a bezpe€nost razby
tunelu zde byla zajiSténa souborem dal$ich opatfeni. Dulezité déle
bylo, Ze po injektdzi se podstatné zmensil vyskyt nejniz§ich zmére-
nych hodnot, naptiklad prumérna Cetnost modull pretvdrnosti niz-
Sich neZ 100 MPa klesla z 65 % na 27 % a zastoupeni modult men-
Sich nez 50 MPa se sniZilo z 11 % na 3 %. Zpevnujici injektdz{ se
tedy podarilo vyrazné zmens§it rozsah hornin s nejvyssi stladitelnos-
ti (resp. deformovatelnosti). Obdobné primérnd mez teeni pr byla
pred injektdzi 2,02 MPa a po ni 2,74 MPa, tj. smykovd pevnost pri-
blizné vzrostla o0 39 %.

V nadloZi tunelu Mrdzovka v dseku prilehlém k ulici Ostrovského
doslo po injektdzi k vyraznému zlepSeni mechanickych charakteris-
tik horninového masivu. Z vySe uvedeného je zfejmd vysokd Gspés-
nost zpevnujici cementové injektdZe, kterd podstatné zlepsila tuhost
a pevnost horninového masivu a umoZnila bezpe¢né raZzeni ndro¢né-
ho podzemniho dila pod zdstavbou se 100 let starymi bytovymi
domy. Kontrola prostfednictvim presiometrickych zkousek kvantifi-
kovala efekt injektdZe a spole¢né s dal$imi méfenimi geotechnické-
ho monitoringu prispéla k bezpe¢né a technicky optimalni realizaci
ndro¢ného automobilového tunelu.

ZAVER

Presiometrické zkousky umoZiiuji pfi geotechnickych pruzku-
mech pro tunely ziskat rychle spolehlivé informace o pretvarnych
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a low strength R 4 — in this particular case the average strength of
fragments is 12 MPa and the rock mass is disturbed by faulting). In
this area, the tunnel passes under 100-year old buildings (up to five
storeys) having their foundations only 12.5m above its top. It was
necessary for the reasons of the NATM excavation safety to apply
a set of measures enhancing the positive effect of the decision to use
a vertical excavation sequence (side drifts and a central pillar).
Stabilisation grouting was one of the measures. Its objective was to
fill discontinuities with grout, thus achieving:

- reduction in the probability of operating accidents (such as
overbreaks or a loss of stability of the face) caused by an occurren-
ce of exceptionally poor quality rock ;

- reduction in the extremes in the settlement trough curve;

- reduction in the settlement of the tunnel overburden affecting
the existing buildings;

- prevention of abrupt ground water inflows to the tunnel.

The grouting was carried out from within an exploration gallery,
which had been driven in advance. Cementitious grout stabilised
with bentonite was injected. The cross-sectional arrangement of the
grouting holes (up to 21 in one fan) is presented in Fig. 5. The fans
were installed at 3.5m spacing; the thickness of the envelope impro-
ved by the grouting varied from 3.0 to 5.0m. The grouting pressures
were designed not to exceed 6 MPa (split grouting pressures up to
17 MPa).

Pressuremeter tests checking the effectiveness of grouting were
part of the geotechnical monitoring over the tunnel construction.
Their task was to provide data for the assessment of the efficiency
of the stabilisation (improving) grouting, expressed in terms of the
increase in the stiffness and strength of the rock mass.

The pressuremeter check tests were carried out in core holes
60mm in diameter, which were arranged in fans located in the midd-
le between the grouting fans (see Fig. 5). Boreholes which were
drilled in an upwards direction on the centre line of the exploratory
gallery were used for the comparison measurements recording the
condition before the grouting. The assessment was based on the sta-
tistical processing of the results from both phases. The tests were
conducted using the GA type of pressuremeter manufactured by the
French company Ménard (the type designed for application in hard
rock — the range of the radial compression stress of 8MPa) provided
with a BX probe (58mm in diameter).

The results of two grouting tests (which were carried out in simi-
lar conditions, within the framework of a supplementary enginee-
ring geological survey and comprised pressuremeter tests prior to
and after the grouting) provided the basis for the determination of
the following criteria for the rock environment stabilised by grou-
ting, relative to the pressuremeter moduli of deformation Eop:

- average value > 200 MPa

- percentage of values lower than 100 MPa < 22%

- percentage of values lower than 70 MPa < 15%

- percentage of values lower than 50 MPa < 8%

- percentage of values lower than 30 MPa < 5%

An example of the curve for pressuremeter moduli of deformati-
on at the selected check profile 008 (the centre of the borehole being
at km 4.851, i.e. under the building No. 19/1193 in Ostrovského
Street) is presented in Fig. 5. The average values prior to the grou-
ting and after the grouting were Eop = 131 MPa and Eop = 212 MPa
respectively.

The assessment of the effect of the stabilisation grouting throug-
hout the length of the section adjacent to Ostrovského Street allows
the statistical processing of the moduli of deformation Eop determi-
ned at the check profiles 005 through 009 (for the locations along
the route see Fig. 6). The most significant fact is that the average
value (of the values measured on 5 fans) of the pressuremeter modu-
lus of deformation grew from 101MPa prior to the grouting to
216MPa after the grouting. This increase in the values of the modu-
li (or decrease in the compressibility) makes up 114%. In addition,
the relative characteristics of the variance decreased, which means
that the homogeneity of the rock mass improved.

It follows from a comprehensive comparison with the above-
mentioned contractual criteria that the prior-to-grouting condition
was worse at all profiles. The after-grouting condition was satisfac-
tory at the profiles 005, 008 and 009. Even though the profiles 006
a 007 did not meet satisfy the criteria, the degree of strengthening
was also relatively high: Eop = 84 a 80 MPa prior to the grouting and
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Obr. 7 Presiometrické zkousky pod recistéem Vitavy pro kolektor Hldvkuy
most (presiometr francouzské firmy APAGEO)

Fig. 7 Pressuremeter tests under the Vitava riverbed for the Hldvkuv Bridge
utility tunnel (a pressuremeter of a French company APAGEQO)

a pevnostnich vlastnostech horninového prostredi. Ve specidlnich
pripadech se uplatiuji i pfi monitoringu vystavby. Celkové tak pri-
spivaji k optimalizaci technického feSeni, bezpe¢nosti a ekonomice
vystavby ndro¢nych staveb v komplikovaném horninovém prostre-
di. Dal$f rozvoj presiometrie 1ze ocekdvat v souvislosti s aplikaci
novych evropskych norem (napriklad EUROCODE 7) pro geotech-
nické konstrukce.

Firma PUDIS, a. s., provadi presiometrické zkousky od roku
1979 a v leto$nim roce jejich celkovy pocet jiz presdhl 10 000
(v jednotlivych desetiletich je postupna vzrustajici tendence), coZ ji
v tomto sméru fadi na prvé misto v Ceské republice. Podstatna &dst
t€chto méfeni byla pro geotechnicky pruzkum tunelovych staveb,
zejména pro méstsky okruh v Praze (Strahovsky tunel, Mrazovka,
Spejchar — Pelc-Tyrolka) a silni¢ni okruh kolem Prahy (stavba 514
a 513). Cist jich byla i pro t&ely monitoringu vystavby téchto tune-
1u (napiiklad kontrola injek&ntho zpevnéni). Nékteré série zkousek
pro tunely probéhly i v zahrani¢i (Slovensko, AlZir, Rakousko).
Preferujeme ov§em méfeni s vyhledem na HradCany, jak ilustruje
obr. 7 (pruzkum pro tunel kolektoru Hldvkim most v dseku pod
reCistém Vltavy), a to i kdyZ méfici prace museji byt provddény
z pontonu na fece. Technicky pfinos presiometrickych zkouSek
potvrdila bezpeénd a ekonomickd realizace pfislu§nych staveb.

ING. JIRI HUDEK, CSc., jiri.hudek@pudis.cz, PUDIS, a. s.
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135 to 156MPa after the grouting. These profiles were not found
directly under the existing buildings; for that reason the safety was
secured by other measures. Another important fact was that the
occurrence of the lowest measured values significantly decreased
after the grouting; for example, the average frequency of moduli of
deformation lower than 100MPa decreased from 65% to 27%, and
the percentage of moduli lower than 50% decreased from 11% to
3%. The stabilisation grouting was, therefore, very successful in
reducing the proportion of rock displaying the highest compressibi-
lity (or deformability). Similarly, the average creep limit pr prior to
the grouting and after was 2.02 MPa and 2.74 MPa respectively,
which means that the shear strength rose roughly by 39%.

The mechanical properties of the rock mass in the Mrdzovka tun-
nel overburden, the section adjacent to Ostrovského Street, signifi-
cantly improved after the grouting. It follows from the above data
that the cementitious stabilisation grouting was very successful,
substantially improving the stiffness and strength of the rock mass.
Owing to the grouting, it was possible to safely carry out the com-
plicated excavation under 100-year old residential buildings. The
checking by means of pressuremeter tests provided the quantificati-
on of the effect of the grouting. Together with the other measure-
ments which were parts of the geotechnical monitoring, it helped the
demanding excavation of the vehicular tunnel to be safer and tech-
nically optimal.

CONCLUSION

Owing to pressuremeter tests, we can quickly obtain reliable
information on deformational properties of a rock environment
during geotechnical surveys for tunnels. In special cases, the tests
come useful even during the monitoring of the construction process.
On the whole, they contribute to the optimisation of the design of
means and methods of excavation, safety and economy of imple-
mentation of demanding projects in a complicated rock environ-
ment. The further development of the pressuremeter testing is
expectable to begin in the context of the application of new
European standards (e.g. EUROCODE 7) to geotechnical structures.

PUDIS a. s. has been active in the pressuremeter testing since
1979. The number of the tests has exceeded 10,000 this year (there
is a gradually growing trend visible throughout the decades), which
fact ranks the company first in the Czech Republic. A substantial
part of the measurements was performed for tunnelling projects,
namely for the City Circle Road in Prague (the Strahov, Mrdzovka
and Spejchar — Pelc Tyrolka tunnels) and the Prague City Ring Road
(construction lots 514 and 513 of this outer ring road). Part of the
tests was performed for the purpose of the monitoring over the con-
struction of the above-mentioned tunnels (e.g. the checking on the
effectiveness of stabilisation grouting). Some series of the tests for
tunnels even took place abroad (Slovakia, Algeria, Austria). We,
however, prefer the measurements allowing us to view Prague
Castle, as shown in Fig. 7 (the survey for the utility tunnel Hldvkuv
Bridge in the section passing under the Vltava River), even if the
measurements must be carried out from a pontoon in the river. The
fact that pressuremeter testing is technically beneficial has been pro-
ven by the safe and economic implementation of the respective pro-
jects.

ING. JIRI HUDEK, CSc., jiri.hudek@pudis.cz, PUDIS, a. s.
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OD PRAZSKE PODPOVRCHOVE TRAMVAJE K TUNELUM SLIVENEC

(41 let geotechnického prizkumu a monitoringu podzemnich staveb s firmou PUDIS, a. S.)

FROM PRAGUE LIGHT RAIL TRANSIT LINE TO TUNNELS AT SLIVENEC

(41 years of geotechnical survey and monitoring for underground construction by PUDIS a. s.)

JIRI HUDEK, RADOVAN CHMELAR

ovob

V souvislosti se svétovym kongresem WTC 2007 v Praze byla mno-
hokrét pfipomenuta bohatd tuneldfskd tradice v Cechdch. Vystavba
podzemnich staveb v metropolich vZdy vyzaduje dukladné podklady
pro projektovou dokumentaci, jejiz spravnost pak do jisté miry ovéru-
je geotechnické sledovdni pii vystavbé. Jako duleZity zdroj informaci
slouz{ inZenyrsko-geologicky (geotechnicky) prizkum a také ndsledné
geotechnicky monitoring. Tento ¢ldnek by chtel pripomenout nékolik
zajimavych prikladu, které svou aktudlnosti maji nespornou vazbu na
soucasné problémy v oboru podzemniho stavitelstvi. Priklady byly
vybrany z bohaté historie geotechnickych prazkumu a monitoring
provadénych v minulych 41 letech Projektovym tstavem dopravnich
a inzenyrskych staveb — PUDIS (dnes PUDIS, a. s.). S v§vojem vystav-
by podzemnich staveb probihal soubéZné i vyvoj IG pruzkumu a GT
monitoringu. Je v8ak zajimavé, jak se cti obstdvaji IG pruzkumy z konce
60. let 20. stoleti. Tato dnes jiZ historie se odviji od pripravy a zahdjeni
projektovéni prazské podpovrchové tramvaje, jejiz byl PUDIS od svého
vzniku v dubnu 1966 generdlnim projektantem a dodavatelem inZenyr-
sko-geologickych prazkumu. Od koncepce podpovrchové rychlodrahy se
viak velmi zdhy v roce 1967 upustilo a operativné preslo na systém
metra, coZ se ukazalo jako spravné feSeni.

InZenyrsko-geologické prizkumy pro metro, silni¢ni a Zelezni¢ni
tunely a dal$i podzemni stavby predev§im v Praze, na kterych se
PUDIS, a. s., vyrazné podilel, jsou zde rozdéleny do péti dekad od 60.
let minulého stoleti aZ do soucasnosti. Vzhledem k rozsahu ¢ldnku se
vétSinou jednd jen o vycet akei, nékteré zajimavosti mohou byt uvede-
ny pouze u omezeného poctu vybranych staveb, pricemz je zde rela-
tivné nejvetsi prostor vénovan dobé nejstari a nejmladsi.

GEOTECHNICKE PRUZKUMY A MONITORINGY
PUDIS, A. S., PRO TUNELY

LETA SEDESATA (1966 - 1969)

Firma PUDIS byla pro tunely pfimo stvofena — 1. dubna 1966 byla
zaloZena predev§im pro tcely projektovdni a inZenyrsko-geologicky
pruzkum prazské podpovrchové rychlodrihy. Zakladatelem byl
Nérodni vybor hl. m. Prahy a pusobnost podniku byla zejména na
tzem{ hlavniho mésta (po strdnce pruzkumu zahrnovala i napriklad
veskeré prace pro tehdy probihajici sidliStni vystavbu).
InZenyrsko-geologicky pruzkum pro tsek hlavni nddrazi — Nuselsky
most byl neprodlené zahdjen v Cervenci 1966. Navazoval na predcho-
z{ etapu zpracovanou v roce 1965 n. p. InZenyrsko-geologicky
a hydrogeologicky priizkum Zilina — zdvod Praha (IGHP — O. Vrba).
V srpnu 1967 byly viak projekéni a priizkumné prace PUDIS pro pod-
zemni rychlodrdhu zastaveny na podkladé vladniho usneseni ¢. 288,
tykajiciho se zmény koncepce méstské hromadné dopravy ve prospéch
metra. V souvislosti s timto byl soucasn¢ uren novy generdlni pro-
jektant — Statni tstav dopravniho projektovani (SUDOP). PUDIS vsak
pro metro déle projektoval 4 stanice — Hlavni nddrazi, Muzeum,
Vysehrad a Kacerov a rovnéz tratovy usek Nuselského mostu. V této
situaci se také inZenyrsko-geologicky pruzkum pro metro stal predmé-
tem ,,soutéze*, ze které viak PUDIS vySel vitézné a generdlni dodava-
telstvi téchto praci mu bylo ponechéno.

Pruzkum pro 1. provozni dsek trasy C metra byl zpracovdn
v ndsledujicich terminech:

1. stavba — stanice Hlavni nddrazi — Nuselsky most — 28. 2. 1968

2. stavba — Nuselsky most — Budéjovické ndmeésti — 25. 10. 1968

3. stavba — stanice Hlavni nddrazi — Florenc — 30. 8. 1970 (zde tedy

jiz patii do nésledujici dekady)

INTRODUCTION

The long tradition of tunnel construction in the Czech Republic was many
times reviewed in the context of the world tunnel congress WTC 2007 in
Prague.

Development of underground projects in metropolises has always required
thoroughly prepared documents for the work on designs. The correctness of
a design is subsequently, to some extent, verified by geotechnical monitoring
during the construction. One of the important sources of information is engi-
neering-geological (geotechnical) survey and, subsequently, geotechnical
monitoring. This paper is intended to remind us of several interesting exam-
ples, which are still so topical that they undoubtedly relate to the current pro-
blems in the field of underground engineering. The examples were picked
out of the chequered history of geotechnical surveys and monitoring which
had been carried out by Projektovy Ustav Dopravnich a Inzenyrskych Staveb
- PUDIS (a transport-related and civil engineering design office, today
PUDIS a. s.) during the past 41 years. The EG survey and GT monitoring
means and methods have been developing along with the development of
underground construction projects. It is, however, interesting that the EG sur-
veys which were carried out at the end of the 1960s have stood the test of
time. This history has its roots at the time when the planning for the work on
the design of the Prague light rail transit system commenced, with PUDIS
being the general designer and provider of engineering-geological survey
services from 1966. The LRT concept was, however, very soon abandoned
(1967) and operatively switched to the heavy rail system (the metro), which
turned out to be a reasonable solution.

The engineering-geological surveys for the metro, road and railway tun-
nels and other underground structures (mostly in Prague) on which PUDIS
a. s. fully participated, are divided in this paper into five decades, from the
1960s to the present. With regard to the extent of the paper, it contains most-
ly a mere list of activities; some interesting details can be presented only on
a limited number of selected projects, while the widest space is devoted to
the oldest time and the most recent time.

GEOTECHNICAL SURVEYS AND MONITORING
FOR TUNNELS BY PUDIS A.S.

»THE SIXTIES® (1966 —1969)

PUDIS was a company which was, in a sense, created for tunnels. It was
founded on 1st April 1966, first of all for the purpose of designing and engi-
neering-geological surveying for the Prague Light Rail Transit system. Its
founder, the People’s Committee of the City of Prague, restricted its activi-
ties mainly to the area of the capital (the survey tasks contained, for exam-
ple, the work for residential areas, which were then being developed). The
engineering-geological survey for the section Hlavni nddrazi (the Main
Station) — the Nusle Bridge was started immediately, in July 1966. It picked
up the threads of the work carried out by the Prague plant of InZenyrsko-
Geologicky a Hydrogeologicky Prizkum Zilina in 1965 (IGHP - O. Vrba).
However, August 1967 saw the design and survey work of PUDIS for the
LRT project stopped on the basis of the Degree No. 288 Coll. of the
Government dealing with the change of mass urban transit system in behalf
of the urban underground railway (metro) system. At the same time, in con-
nection with this action, Statni Ustav Dopravniho Projektovani (SUDOP —
a state institute for traffic designing) replaced PUDIS in the role of the gene-
ral designer. However, PUDIS continued with the work on the design for 4
metro stations, i.e. Hlavni nddrazi, Muzeum, VySehrad and Kacerov, and
also for the Nuselsky Bridge track section. In this situation, even the engi-
neering-geological survey became a subject of “competition”, which was,
however, won by PUDIS, which retained the position of the general con-
tractor for this work.
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4. stavba — stanice Budéjovické ndmeésti — Kacerov — 26. 7. 1969 The survey for for the 1st operating section of Metro Line C was carried out
5. stavba — depo Kacerov — 13. 10. 1969 in the following terms:

Pro ndvrh prizkumnych praci byly vZzdy nejprve interpretovdny construction lot 1 - Hlavni nddraZ{ station — the Nusle Bridge - 28.2.1968
informace z rozsdhlého archivu, ktery si PUDIS v té dobé vybudoval construction lot 2 - the Nusle Bridge — Bud¢jovické Square - 25.10.1968
pro izemi Velké Prahy (v Sedesatych letech jiz vice nez 50 tisic doku- construction lot 3 - Hlavni Nédraz{ station - Florenc - 30.8.1970 (this lot
mentacnich bodt) pro potfeby pruzkumi pro metro a dalsi velké praz- therefore falls to the next decade)
ské stavby (a rovnéz pro zpracovani souboru inZenyrsko-geologickych construction lot 4 - Budéjovické Square station - Kacerov - 26.7.1969
map v mefitku 1 : 5000). Zdkladem tohoto prazského archivu byl construction lot 5 - KaCerov depot - 13.10.1969
archiv akademika Q. Zdruby. RovnéZ byly vyuzity podrobné geolo- The initial work on the planning of the surveys was always the interpretati-
gické dokumentace vykopu pro predstihové investice. on of the information obtained from an extensive archive it had set up for the

Nové prazkumné prace pro metro se sklddaly ze sité vrtt doplnéné area of Greater Prague (at that time it already contained over 50 thousand docu-
v mistech nédroénych objektu (predevsim stanic metra) kopanymi mentation points) for the needs of surveys for the metro and other large con-
Sachticemi. Tato dila byla podrobné inZenyrsko-geologicky dokumen- struction projects in Prague (and also for the plotting of an extensive sets of
tovdna a déle slouzila k odbéru vzorka (zemin, hornin a podzemn{ maps in the 1 : 5000 scale). The basis of this archive was an archive obtained
vody) ke zkouskdm v laboratofi. Laboratof pro mechaniku zemin a pro from academician Q. Zdruba. Another source was detailed geological docu-
chemické analyzy mél PUDIS jiz vybudovanou z piedchozich let, mentation of excavations for advance building investments.
zkousky mechaniky hornin z po&itku zadéval Fakulté stavebni CVUT The new surveys for the metro consisted of a network of boreholes supple-
Praha (J. Bartdk, M. Bucek a J. Pauli) a v prabéhu roku 1968 si i tuto mented by dug holes in the locations of demanding structures (primarily the
laborator zafidil. Obdobné to bylo i s technologickymi zkouskami hor- | metro stations). From the engineering-geological point of view, these workings
nin (zejména pevnost vtlaéna dle Srejnera, tvrdost dle Shore, koefici- were documented in great detail and were used for sampling (soils, rocks and
ent plasti¢nosti a koeficient abrazivnosti) — v roce 1967 byly zadany | ground water) for laboratory purposes. PUDIS had had its own rock mechanics
Ustavu geologického inZenyrstvi Brno (L. Stérba) a vysledky vyhod- and chemistry laboratory built in the past; in the beginning, it placed the orders

notil M. Oplt (VKD) a od roku 1969 zkouseni i zhodnoceni prevzal for rock mechanics tests with the Faculty of Civil Engineering of the Czech
PUDIS. U vrt byl vétSinou doplnén soubor terénnich karotaznich Technical University in Prague (J. Bartdk, M. Bucek and J. Pauli) it provided
méfeni n. p. Geoindustria Praha (predeviim elektrokarotaz, kaverno- its own laboratory equipment during 1968. Similar situation was also about
metrie, resistivimetrie, stratametrie, gama-karota? a gama-gama-karo- technological testing of rocks (above all the Srajner indentation strength tests,

t47) a ve vybranych mistech ddle napiiklad kratkodobé &erpaci Shore hardness tests, plasticity coefficient and abrasiveness coefficient tests),
for which the order was placed with Ustav Geologického InZenyrstvi Brno (L.

Stérba) in 1967 and the results were assessed by M. Oplt (VKD); PUDIS took
over this testing and assessment work in 1969. Regarding exploration drilling,
a set of in-situ borehole surveys carried out by n.p. Geoindustria Praha was
added to the scope of testing (above all electrical logging, calliper logging,
resistivity logging, strata logging, gamma-ray logging and gamma-gamma-ray
logging) plus the testing required in selected locations, for example short-term
pumping tests and recovery tests for determination of water inflows to
a borehole and calculation of the filtration coefficient, inspection of walls by
a TV probe, geophysical tests (including seismic or ultrasound measurements
for determination of velocity of propagation of elastic waves), pressuremeter
tests (measurements by a Czechoslovak prototype borrowed from the
Technical University in Brno). The dug holes served for documentation of the
PIRAFTLS e e mode of deposition of Palaeozoic sedimentary rocks and the intensity of their
Fhotrobo b tectonic faulting (including the joint spacing). Systematic measurements of
eI bedding planes, cleavage planes and joint planes were assessed and, taking the
directions of mechanical weakening determined in this way into consideration,
the locations of rock mechanics field tests designed to determine the deforma-
tional properties and strength-related characteristics (including the heterogene-
ity and anisotropy of the properties) were determined (in the walls of the holes
or in short side adits). Deep shafts and dug holes were used for measurements
of temperatures of the rock environment (which depend on the depth and sea-
son of the year) required for calculations of the thermal regime in the metro
spaces, and thermal conductivity was determined on the taken samples (the
Technical University in Brno — TU Brno).

The comprehensive interpretation of the results of geological survey allo-
wed, for example, the refining of the idea of the Quaternary evolution of the
erosion base level and extent of the accumulations of the Vltava River terraces.
The Vltava River terrace system which had been described by Q. Zdruba was
innovated by A. Paluska on the basis of the new information.

The survey for the Metro Line C contained even a historic part, which was
prepared by V. Kraték (PUDIS). This part dealt with special problems which
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Obr. 1 Schéma pokusného vyrubu na Fiignerové namésti

(rok 1968 — 1. stavba I. provozniho iiseku trasy C metra)

1 — navdzka, 2 - fluvidlni sedimenty,

ORDOVICKE LETENSKE SOUVRSTVI: 3 — rozlozené, 4 — zvétralé, 5 —
navétralé, 6 — zdravé, 7 — hladina podzemni vody, 8 — pulkruhovy pokusny
vyrub pruméru 6 m, 9 — podélnd ryha (modelujici zvétSeni na kruhovy
vyrub), 10 — vrt s extenzometry, 11 — izolinie poklesut horninového nadlozi
Fig.1 A scheme of the trial excavation in Fiignerovo Square

(1968 — construction lot 1 of the Ist operating section of the Metro Line C).
1 - man-made ground, 2 - fluvial sediments, ORDOVICIAN LETNA
FORMATION: 3 - decomposed, 4 - weathered, 5 - slightly weathered,

6 - fresh, 7 - water table, 8 - semi-circular trial excavation opening 6.0m in
diameter, 9 - longitudinal slot (modelling the enlargement to a circular
cross-section excavation), 10 - borehole with extensometers, 11 - isolines for

settlements in the excavation overburden
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Obr. 2 Povrchovd &dst pracovisté pokusného vyrubu na Fiignerové ndmésti,
v popredi ocelovd vyztuz VKD n. p. (rok 1968 — 1. stavba I. provozniho useku
trasy C metra)

Fig. 2 The surface part of the trial excavation workplace in Fiignerovo
Square; the VKD n.p. steel frames in the foreground (1968 - construction lot
1 of the Ist operating section of the Metro Line C).

a stoupaci zkousky pro zjisténi pritoku vody do vrtu a vypocet koefi-
cientu filtrace, prohlidka stén televizni sondou, geofyzikdlni zkousky
(vetné seismického ¢i ultrazvukového méreni pro stanoveni rychlos-
ti Sifenf elastickych vln), presiometrické zkousky (méfeni Ceskoslo-
venskym prototypem zaptjéenym z VUT Brno). V kopanych Sachti-
cich byly dokumentovény tlozné poméry paleozoickych sedimentér-
nich hornin a intenzita jejich tektonického poruseni (véetné hustoty
diskontinuit). Systematickd méfeni ploch vrstevnatosti, bridli¢natosti
a puklinatosti byla statisticky vyhodnocovdna a v zdvislosti na takto
uréenych smérech mechanického oslabeni byly situovany (do stén
Sachtic ¢i do kratkych rozraZzek) terénni zkousSky mechaniky hornin
pro zjisténi pretvarnych a pevnostnich charakteristik (véetné hetero-
genity a anizotropie téchto vlastnosti). V hlubokych Sachticich
a jamdch byly pro vypoclty teplotniho reZimu v prostorach metra mére-
ny teploty horninového prostiedi (v zdvislosti na hloubce uloZen{
a roénim obdobi) a na odebranych vzorcich laboratorné zjistovany
tepelné vodivosti (VUT Brno).

Komplexni zpracovéni geologickych vysledku pruzkumu umoZznilo
napriklad upfesnit nazor na kvartérni vyvoj erozni bdze a rozsah aku-
mulaci teras Vltavy. Na zdkladé novych informaci byl A. Paluskou
inovovan systém teras Vltavy od Q. Zaruby.

Pruzkum pro trasu C metra obsahoval i historickou &ést, kterou
zpracoval V. Kraték (PUDIS). Jednalo se o specidlni problematiky,
které mély dopad na cenu a technologii vystavby tunelt. Napiiklad to
byl prazkum vedeni, konstrukce a likvidace novoméstskych fortifi-
ka&nich praci. Pfed novou ovéfovaci sonddzi byly v roce 1967 studo-
vany materidly ve Vojenském archivu na Invalidovné v Praze
a Videnském vdle¢ném archivu.

Dulezitym tikolem geotechnického pruzkumu bylo stanovit pro sta-
tické vypolty vstupni hodnoty pretvarnych a pevnostnich charakteris-
tik horninového masivu. U skalnich hornin (horizontu zvétralého,
navétralého a zdravého) bylo zejména nutné zjisteéni smykové pevnos-
ti (a jeji anizotropie) podél stén hloubenych stanic metra — v roce 1967
bylo v tomto sméru velmi malo informaci a Casty byl prili§ optimis-
ticky ndzor na hodnoty prislusného dhlu pevnosti (resp. vnitiniho
tfeni) a pevnosti na pocatku soufadnic (resp. soudrznosti). K tomuto
dcelu byly pouzity terénni zkousky na horninovych blocich situované
do kopanych Sachtic a jejich kratkych rozrdzek. Z nich byla jiz v té
dobé béznd statickd zatéZovaci zkouska deskou ¢i smykovd zkouska
s preduréenou plochou porusenti, i kdyZ prislu§né modifikace aparatur
se na jednotlivych pracovistich dosti liSily. Dalsi byly pro metro
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influenced the costs and technique of the tunnel construction. One of them was,
for example, the survey into the location, structure and demolition of the New
Town fortification. Before new verification probing, documents were studied
in 1967 in the Military Archive in Invalidovna, Prague, and the War Archive in
Vienna.

The determination input values of deformational and strength features of the
rock mass for the needs of the structural analyses was one of important tasks
for the geotechnical survey. Regarding rocks (found in the weathered, slightly
weathered or non-weathered horizons), it was necessary to determine first of
all the shear strength (and its anisotropy) along the walls of cut-and-cover
metro stations; there was a lack of information in this area in 1967 and too opti-
mistic opinion on the values of the respective angle of shear strength (or angle
of internal friction) and the strength at the beginning of the coordinates (or
cohesion) was very widely spread. The determination was carried out by
means of in situ tests on rock blocks, which were located into dug holes and
short side adits adits driven from within the dug holes. Of these tests, a test
which was already common at that time was the static plate-bearing test or the
shearing test with a predetermined failure surface, despite the fact that the par-
ticular modifications of the testing equipment significantly differed at indivi-
dual workplaces. Other tests were developed for the metro as prototypes: the
uniaxial compression test and triaxial compression test (in cooperation with the
Technical University in Brno) on blocks with the cross section 50 x 50cm and
100 cm high. These test sets have been used since then, therefore the modifi-
cation which was developed much later (see the photo in Fig. 6) was chosen
for presentation in this paper.

The surveys for the 1st and 2nd construction lots of the 1st operating secti-
on of Metro Line C, which were carried out in 1968, comprised, among others,
two trial excavation sites with geotechnical monitoring (in Fiignerovo Square
and Na Vesel{ Street). They were used for the modelling (full-scale) of exca-
vation of a metro running tunnel (through the Letnd Shale and Kopaniny Shale)
using the Prague modification of the Ring Method, with concurrent monitoring
of the deformations of the rock mass and excavation support (or with the deri-
vation of the state of stress in the lining). A chart of the trial excavation in
Fiignerovo Square is presented in Fig. 1. The excavation covered the upper half
of the 6m-diameter circular cross section (the influence of the excavation of the
lower half was approximately modelled by means of a 2m deep trench); it was
10.0m long, and the last 3.2m of the excavation were without any support. The
overburden was 11m thick, of that about 5.5m was the nappe (consisting of 1m
of made ground and 4m of mostly gravely fluvial sediments of the higher accu-
mulation of the Vinohrady terrace) and 6m of silty shale of the monotonous
evolution of the Letnd Formation (weathered roughly to the depth of 6.5m and
slightly weathered to 9.5m, therefore the non-weathered overburden height
was only 1.5m). The mining work was carried out by Vystavba Kladenskych
Dolt n.p. (VKD - managed by M. Oplt). This national enterprise assembled
a prototype of the steel lining (a semi-circle 6.0m in diameter, consisting of 3
segments, the ring width of 0.75m). The structural design of the lining corres-
ponded to the reinforced concrete segments which were planned for the con-
struction of the metro running tunnels. This lining is shown in the photograph
of the surface part of the trial excavation workplace in Fig. 2.

The monitoring (neither this term nor some of the other below mentioned
terms were used in the Czech Republic in 1968) of trial excavation workpla-
ces was carried out using the following methods:

- monitoring of the ground surface settlement — high-precision levelling

- monitoring of settlement in the excavation overburden — extensometer
measurements in a network of boreholes (at up to five levels in each bore-
hole) — using extensometers with spring anchors from the TU Brno (1.
Kamenicek, I. Travnicek)

- convergence measurements (at that time called “spherical paths”)

- photogrammetric measurements of the face deformation — Hornicky Ustav
CSAV (the Institute of Mining of the Czechoslovak Academy of Sciences)
(M. Vencovsky)

- measurements of the rock pressure on the excavation lining using pressu-
re cells with pressure equalisation valves — the VUIS workplace in Brno
(Z. Cermdk)

- measurement of deformation of the lining — using photoelastic transducers
(J. Mélek)

- monitoring of seismic effects of blasting operations on existing buildings
— the Prague plant of IGHG n.p. (A. Dvordk) and the Brno workplace of
Brno (L. Bartos)

To illustrate the measured values of the settlement of the excavation over-
burden, we present their isolines in Fig. 1. They were determined in the cent-
ral row of the extensometer boreholes (the maximum measured value was
18.6mm). On the whole, the following main conclusions for the above descri-
bed rock environment resulted from the monitoring of the trial excavation in
Fiignerovo Square:
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prototypove vyvinuty — zkouska pevnosti v jednoosém tlaku a tffosém - The rock mass was capable of bridging the opening — the natural arch
tlaku (spoluprdce s VUT Brno) na blocich nejcastéji prufezu 50 x developed.
50 cm a vysky 100 cm. Tyto soubory zkousek jsou od té doby pouZzi- - The load acting on the lining corresponded to the weight of the rock in the
vény az do soucasnosti, a proto pro ilustraci je zde vybrana modifika- loosened zone.
ce z doby podstatné pozdéjsi (obr. 7). - The settlement zone width extended to the distance of 3 diameters from
Souddsti pruzkumu pro 1. a 2. stavbu 1. provozniho dseku trasy C the centre of the excavated opening.
metra byly v roce 1968 i dva pokusné vyruby s geotechnickym moni- - The maximum length of the non-supported section at the face should not
toringem (na Fiignerové namésti a v ul. Na Veseli). Bylo zde modelo- exceed 250cm (if the excavation stability is not to be threatened).
véano (v méfitku 1 : 1) raZeni tratového tunelu metra (v prostiedi brid- The extensometer monitoring was further used in 1969 even during the con-
lic letenského a kopaninského souvrstvi) prazskou modifikaci prsten- struction of the metro itself, for the excavation by the ring method (a circular
cové metody se soucasnym sledovénim pretvoreni horninového masi- profile 5.6m in diameter, lined with Soviet-made cast steel segments designed
vu a vyztuZe (resp. s odvozenim napjatosti ve vyztuzi). Schéma pokus- for the environment consisting of the Revnice Quatzites under Celakovského
ného vyrubu na Fiignerové ndmésti je zachyceno na obr. 1. Jednalo se Sady and the shales of the Liben Formation in the area of Katefinsk4 Street. The
o0 horni polovinu kruhového vyrubu o priiméru 6 m (vliv razby dolni excavation through gravel-sand sediments of the higher accumulation of the
poloviny byl pfiblizné modelovan prostfednictvim ryhy hloubky 2 m), Vinohrady terrace, which was carried out using a Soviet-makve non-mechanised
délka vyrubu 10 m, z &ehoZ bylo poslednich 3,2 m nevystrojeno. shield was monitored through the measurements under Stétkova Street in
NadloZi bylo mocné 11 m, z &ehoZ tvorily cca 5 m zeminy pokryvnych Pankréc. The settlement values reached (see the example for the row of exten-
titvardi (resp. 1 m navazky a 4 m prevazné $térkovité fluvialni sedi- someter bor;holes No. II in.Fig. 3) the maximum of 12cm. The angles of pull
menty vyS$§i akumulace vinohradské terasy) a 6 m prachovitd bridlice were det@nnmed on the bas1§ of the measurement results at 62° to 7_20- )
monoténniho vyvoje letenského souvrstvi (cca do hloubky 6,5 m zvét- The issues connected with the process of rock mass deformation during

tunnel excavation were examined within the framework of the survey for the

rald a do 9,5 m navétrald — mocnost zdravého nadloZi byla tedy \ ined wi . y 101
Metro Line C not only by direct in situ measurements at trial excavation sites

u vyrubu pouze 1,5 m). Dulni prace byly zaddny Vystavbé

Kladenskych dold n. p. (VKD — fidil M. Oplt). Tento podnik pro uve- or during the excavation of the running tunnel itself, but also by mass models
dené dva pokusné vylomy vyrobil prototypovou ocelovou vyztuz (pil- form equivalent materials. This method allowed the monitoring of the deve-
kruh o priméru 6 m byl slozen ze tff segment{l, montdzni §ffka prsten- lopment of deformations to be carried out until the ultimate strength (where

a collapse takes place) is reached, which, of course, cannot be permitted in the
case of the in situ monitoring for safety reasons. The model tests therefore hel-
ped to experimentally determine the factor of safety which is achieved by the
selected excavation method in the given rock mass environment. This problem
was solved, for example, by the mass model (collaboration of PUDIS with the
Institute of Mining of the CAS - J. Kohoutek) for the conditions of the above-
mentioned trial excavation in Fiignerovo Square. At the same time, the prepa-
ration of mathematical modelling by the Finite Element Method started.

The geotechnical monitoring for the purpose of the design and verification
of the metro tunnelling method comprised, in addition, the examination of the

ce byla 0,75 m), jejiZ dimenzovani odpovidalo Zelozobetonovym prv-
kum, které byly pfedpoklddany pro vystavbu tratovych tuneld metra.
Tato vyztuZ je patrnd na fotografii povrchové Césti pracovisté pokus-
ného vyrubu na obr. 2.

Pro monitorovani (tento termin ani nékteré z dalSich niZe uvede-
nych se u nés jesté v roce 1968 nepouzivaly) pokusnych vyruba byly
pouzity ndsledujici metody:

— sledovéni poklest povrchu terénu — velmi presnd nivelace,

—sledovani poklest nadloZi vyrubu — extenzometrie v siti vrtd
(v kazdém az v péti hloubkovych udrovnich) pérovymi kotvami
VUT Brno (I. Kamenicek, I. Travnicek),

— konvergence (tehdejsi pracovni ndzev byl ,.kulové drahy*),

— fotogrametrické méfeni deformace pfidé — Hornicky tstav CSAV
(M. Vencovsky),

—méfeni tlaku horniny na vyztuZz hydraulickymi vaky T s
s vyrovnavacimi ventily — VUIS pracovisté Brno (Z. Cermék), =

— méfeni deformaci vyztuze — fotoelastickymi snimaci (J. Mdlek), 10

— seismické ucinky trhacich praci na zastavbu a inZenyrské sité — 2
IGHG n. p. zdvod Praha (A. Dvordk) a VUIS pracoviité Brno
(L. Bartos).

Pro ilustraci naméfenych hodnot poklesu nadloZi vyrubu jsou v obr.
1 vyznaceny jejich izolinie stanovené v prostredni radé extenzome-
trickych vrtd (maximdlni zméfend hodnota byla 18,6 mm). Celkové
z monitoringu pokusného vyrubu na Fiignerove ndmesti vyplynuly pro 4
vySe popsané horninové prostredi ndsledujici hlavni zavéry:

— Horninové prostiedi bylo schopné vyrub preklenout — vytvérela se
horninové klenba.
— Zatizeni osténi odpovidalo tize horniny z uvolnéné zény.
— Sifka poklesové kotliny byla do vzddlenosti 3 priméra vylomu od
jeho osy.
— Maximdln{ délka predrazené Casti (nevystrojené) by neméla pre-
krocit 250 cm (nemé-li byt ohroZena stabilita vyrubu).

Extenzometricky monitoring byl ddle v roce 1969 pouZit i pfi vlast-
ni vystavbé metra pro razbu prstencovou metodou (kruhovy profil
o pruméru 5,6 m, vystroj z ocelolitinovych tubinkd vyroby SSSR
v prostiedi fevnickych kiemencti pod Celakovského sady a biidlic
libeniského souvrstvi v oblasti Katefinské ul. Pro razbu ve §térkopis-
kovych sedimentech vys§i akumulace vinohradské terasy se zajiste-
nim prostiednictvim nemechanizovaného §titu sovétské vyroby bylo
uréeno méfeni pod Stétkovou ulici na Pankraci, zde dosdhly poklesy
(viz piiklad pro fadu extenzometrickych vrtu €. I na obr. 3) maximal-
ni hodnotu 12 cm. Zédlomové thly byly stanoveny z vysledka méfen{
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Obr. 3 Priklad vysledku extenzometrického méreni (VUT Brno) ve $térko-
piskovych sedimentech vinohradské terasy pod Stétkovou ulici na Pankrdci
v tiseku razby nemechanizovanym stitem (rok 1969 — 2. stavba I. provozniho
tseku trasy C metra)

1 — tratbvy tunel o pruméru 5,6 m, 2 — vrt s extenzometry, 3 — povrch teré-
nu, 4 - droven kotev extenzometri, 5 — méritko poklesu, 6 — brit §titu pod
Fadou, 7 — brit §titu 5 m za Fadou, 8 — brit Stitu 14 m za radou

Fig.3 An example of results of the extensometer measurements (VUT

v hodnotich 62° az 72°. L 5 Brno) in gravel-sand sediments of the Vinohrady terrace under Stétkova
Otédzky spojené s procesem pretvédreni horninového masivu pri Street in Pankrdc, in the non-mechanised shield-driven section

razbé tuneld byly ovéfovany v ramci prizkumu pro trasu C metra (1969 - construction lot 2 of the Ist operating section of the Metro Line C).

nejen pfimymi méfenimi in situ na pokusnych vyrubech ¢i pii vlast- 1 - running tunnel 5.6m in diameter, 2 — borehole with extensometers,

nim raZeni tratovych tuneld, ale i méfenim na hmotnych modelech 3 — terrain surface, 4 — extensometer anchor levels, 5 — scale of settlement,

z ekvivalentnich materidlu. Toto umozZnilo sledovat vyvoj deformac{ 6 — cutting edge of the shield under the profile, 7 — cutting edge 5.0m

a7 do meze pevnosti (kdy dochdzi k zavalu), coZz samozrejmé pri behind the profile, 8 — cutting edge 14.0m behind the profile
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Obr. 4 Schéma pouZité modifikace metody stanoveni primdrni napjatosti
horninového masivu odlehcenim Stolou (rok 1973 - I. provozni iisek
trasy A metra)

1,2, 3,4 — pozorované vrty s PVC trubkami a vypliovou injektdzi,A, B, C, D
— mérené pric¢né profily, 5 — betonové bloky s vychozimi znackami, 6 — stabi-
lizované stanoviste  teodolitu, 7 — pristupovd $tola s pozorovaci komorou,
8 — nevyztuZeny vyrub odlehcovaci Stoly

Fig. 4 A scheme of the method modification which was used for the determi-
nation of the primary state of stress in the rock mass, i.e. the stress relief
induced by excavation of a gallery (1973 - Ist operating section of the Metro
Line A).

1,2, 3,4 - measuring boreholes with PVC-tubes grouted in rock,A, B, C, D -
measured cross section, 5 - concrete blocks with initial marks, 6 - stabilized
position of the theodolite, 7 - access gallery with observing room,
8 - unsupported excavation of stress-relief gallery

stavebnim monitoringu nelze z bezpe¢nostnich divodu pripustit. Na
zdkladé modelovych zkouSek byl tedy experimentdlné stanoven stu-
pen bezpe¢nosti, jehoZ je dosazeno zvolenym zplsobem raZeni
v daném horninovém prostredi. Tuto problematiku fesil napriklad
hmotny model (spoluprice PUDIS s Hornickym tstavem CSAV —
J. Kohoutek) pro podminky vySe popsaného pokusného vyrubu na
Fiignerové ndmésti. Soucasné byla zahdjena priprava matematického
modelovan{ metodou kone&nych prvku.

Geotechnicky pruzkumu pro dcely ndvrhu a ovéfeni technologie
vystavby metra jesté zahrnoval vySetfovani moZnost{ dprav vlastnosti
zemin a skalnich hornin injektdZzi. Celkem se jednalo o 6 injek&nich
pokust. Nejprve v roce 1968 to byla pokusnd zpeviiovaci injektdz
Vodnich staveb n. p. zdvod 07 Praha v horn{ ¢sti Véaclavského ndmés-
ti u tehdej$itho Domu potravin (v prostiedi pis¢itych fluvidlnich sedi-
mentu terasy Karlova ndmésti). Vlastnosti zeminy po injektdzi byly
ovéfeny v kopané Sachtici prostfednictvim vySe popsanych terénnich
zkouSek (zatéZovacich deskou a smykovych zkouSek s preduréenou
plochou poruseni) a déle standardnich pevnostnich laboratornich
zkousek. Obdobna byla i v roce 1969 kontrola zpeviovaci injektdze
(téhoZ stavebniho dodavatele) v prostoru stanice Pankrédc na 4. stavbé
1. provozniho udseku trasy C (v prostredi hlinitopis¢itych fluvidlnich
sedimentu pankracké terasy), dalitho pokusu u stanice Budéjovickd
(zde byla naptiklad u polohy stredné zrnitého pisku zjisténa terénnimi
smykovymi zkouskami soudrznost po injektdzi az 835 kPa).
O provadéni injek&nich praci na stavbé metra se v té dob€ rovnéz
uchdzel n. p. Geoindustria, zdvod 2 Jihlava. Tomuto byla zaddna
pokusnd zpevinovaci injektaZ na 2. stavbé I. provozniho dseku trasy C
u kostela sv. Pankréce (v prostredi hlinitopis¢itych §térku vinohradské
terasy). DalSim stavebnim dodavatelem zpevnovaci injektdze byly
Podzemni inZenyrské stavby n. p. (predchidce dnesni Subterry, a. s.)
a pokus ve Wenzigové ulici (v prostredi fluvidlnich sedimenta vino-
hradské terasy a bridlic letenského souvrstvi) v roce 1969 fidil
J. Smolik. Kontrolu dosazeného injekéntho zpevnéni u vSech uvede-
nych pokusti zajistoval PUDIS vy$e popsanym zpiisobem (terénni
a laboratorni zkouSky v ovéfovacich Sachticich a vrtech). Tésnici
pokusnou injektdZz v prostoru nddraz{ Praha stfed (v prostfedi zvodné-
Iych Stérkopis¢itych fluvidlnich sedimentu niZ$i akumulace ddoln{
terasy) realizoval v roce 1969 n. p. Stavebni geologie Praha. Pro
vyhodnoceni dspé$nosti byly v kontrolnich vrtech realizovdny vodni
tlakové zkousky.

Z dalsich geotechnickych zhodnoceni pro tcely technologie vystav-
by metra byl v &ervnu 1969 zpracovan jiz pro trasu A predbéZny posu-
dek pro nasazeni mechanizovaného Stitu.
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possibilities of improvement of properties of soils and rocks by grouting.
A total of 6 grouting trials was carried out. The first trial stabilisation grouting
was carried in 1968 by plant 07 of Vodni Stavby n.p. in the upper part of
Wenceslas Square, near the then Dim Potravin building (through the environ-
ment consisting of sandy fluvial sediments of the Charles Square terrace). The
properties of the soil after the grouting were verified in a dug hole through the
above-mentioned field tests (the plate-bearing test and shearing test with
a predetermined failure surface) and standard laboratory testing of strength
properties. The verification of stabilisation grouting (which was performed by
the same contractor) which was carried out in 1969 was similar. It took place
in the area of Pankrdc Station on the 4th construction lot of the 1st operating
section of Line C, in the environment consisting of loamy-sandy fluvial sedi-
ments of the Pankréc terrace. The next trial, at Budéjovickd metro station, was
also similar (for example, the bond strength which was determined after the
grouting in a layer of medium grained sand by field shearing tests reached 835
kPa). The execution of grouting for the metro construction was also in the
focus of interest of the Plant 2 of Geoindustria n.p. in Jihlava. This plant carri-
ed out the trial stabilisation for the 2nd construction lot of the 1st operating sec-
tion of the Metro Line C, near St. Pankrac Church (in the environment consis-
ting of loamy-sandy gravels of the Vinohrady terrace). Another contractor for
stabilisation grouting was Podzemni inZenyrské stavby n.p. (the predecessor of
today’s Subterra a.s.); the trial grouting in Wenzigova Street (in the environ-
ment consisting of fluvial sediments of the Vinohrady terrace and shales of the
Letnd Strata) in 1969 was managed by J. Smolik. The monitoring of the stabi-
lisation achieved by all of the above-mentioned trials was provided by PUDIS,
which used the above-mentioned methods (field tests and laboratory tests in
verification shafts/dug holes and boreholes). The trial sealing grouting in the
area of the Praha-Stied railway station (in the environment consisting of water-
bearing gravel-sandy fluvial sediments of the lower accumulation of the flood-
plain terrace) was performed by Stavebni geologie n.p. in 1969. Water pressu-
re testing in check boreholes was carried out for the purpose of assessing the
success of the grouting.

Of the other geotechnical assessments carried out for the purposes of the
excavation techniques, we can name the preliminary assessment from June
1969 for the use of a mechanised shield (a TBM) on the Metro Line A.

The above brief outline allows you to develop the idea of the volume of the
survey operations and the extent of problems which had to be solved by the
end of the 1960s. To be able to cope with this task, PUDIS had not only to set
up a team of professionals but also engage specialist organisations and out-
standing experts from many other workplaces (see the above-mentioned exam-
ples). The active cooperation was secured even from academician
Prof. Dr. Ing. Q. Zaruba, DrSc, Prof. Dr. Ing. V. Mencl, DrSc, Prof. Ing. J.
Mencl and Prof. Dr. Ing. J. Straka, DrSc.

Virtually the entire survey department of PUDIS worked on this task in the
given time (of course, apart from the other parallel tasks), therefore it is impos-
sible here to name all of the team members; perhaps only R. Simek, O. Tesaf,
J. Vorel and C. Fajstov from the geological laboratories, E. Kaprasové from
the department of hydrogeology, V1. Samek, 1. Smekalovd, A. Smekal and
P. Pokorny from the departments of geotechnics, and K. Klevarova from the
chemical laboratory. The main geologist and geotechnician of the task were
A. Paluska and J. Hudek, respectively. The above-mentioned team was set up
and all work managed organisationally and professionally by O. Benes, the
chief of the survey department. It is worth mentioning that the opportunity for
fulfilling the demanding tasks was given mostly to young people, many of
whom have remained to be engaged in this field till the present.

=-THE SEVENTIES " (1970 - 1979)

PUDIS work on surveys (and monitoring) for the construction of the Prague
underground railway system continued during the major part of this period.
The extent of the problems which were solved was similar to that which is
mentioned above. The function of the main geologist for this task was taken
over by O. Tesar when A. Paluska had left for Germany.

First of all, the survey for the whole 1st operating section of the Metro Line
C was completed in 1970 by the issuance of the final report for the 3rd con-
struction lot (Hlavni Nédraz{ station — Florenc). The end section of this con-
struction lot (the area next to Florenc station) was specific in the tunnelling
under the water table, through permeable sandy and gravely-fluvial sediments
of a flood-plain terrace — in the accumulation of the over-deepened riverbed
where the thickness of the water-bearing layer reaches up to about 8m. The
permeability (or the filtration coefficient), the magnitude of the inflows and the
reach of the cone of depression were determined by means of a pair of long-
term pumping tests, with the wells located in the park in front of the City of
Prague Museum and in the space of the Nddrazi Praha-Stied railway station
(where the above-mentioned trial sealing grouting was conducted). Because of
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Vyse uvedeny stru¢ny ndstin umoZiiuje predstavu o objemu pru-
zkumnych praci a rozsahu feSenych problematik, které bylo tfeba jesté
do konce Sedesitych let zpracovat. PUDIS k tomuto tikolu musel nejen
sestavit tym vlastnich pracovniku, ale zapojit specializované organiza-
ce a vyznaéné odborniky z fady dalSich pracovist (viz vySe citované
priklady). K aktivni spoluprici se dokonce podarilo prizvat i Akad.
Prof. Dr. Ing. Q. Zarubu, DrSc., Prof. Dr. Ing. V. Mencla, DrSc.,
Prof. Ing. J. Mencla a Prof. Dr. Ing. J. Straku, DrSc.

Z PUDIS na tomto tikolu v uvedené dobé pracovalo prakticky celé
pruzkumné stredisko (samoziejmé mimo fadu dalsich paralelnich
akcf), a proto zde cely tym neni moZné jmenovat. Snad alespon
z geologickych oddéleni R. Simka, O. Tesate, J. Vorla a C. Fajstovou,
z hydrogeologického E. Kaprasovou, z geotechniky VI. Samka,
1. Smekalovou, A. Smekala a P. Pokorného a z chemické laboratore
K. Klevarovou. Hlavnim geologem tikolu byl A. Paluska a vedoucim
geotechnikem J. Hudek. Uvedeny tym sestavil a v§echny prace fidil po
strance organizaéni i odborné vedouci pruzkumného strediska
O. Benes. Zajimavou okolnosti je, Ze prileZitost ke zpracovani naroc-
nych tkolu zde dostali vesmés mladi pracovnici, z nichZ mnozi ,,vydr-
Zeli* v oboru az do soucasnosti.

LETA SEDMDESATA (1970 - 1979)

V pievazné Easti tohoto obdobi pokratoval PUDIS v priizkumech
(a monitoringu) pro vystavbu prazského metra. Rozsah feSenych pro-
blematik byl obdobny, jak je jiZ vySe uvedeno. Po odchodu A. Palusky
do Némecka prevzal funkci hlavniho geologa tkolu O. Tesar.

Nejprve byl v roce 1970 zdvére¢nou zpravou pro 3. stavbu (stani-
ce Hlavni nadrazi — Florenc) dokon&en prizkum pro cely I. provozni
usek trasy C metra. Specifikem koncové Cdsti (oblast u stanice
Florenc) bylo tunelovéni pod hladinou podzemni vody v propustnych
pisc¢itostérkovitych fluvidlnich sedimentech ddolni terasy -
v akumulaci prehloubeného koryta, u které mocnost zvodnélého
horizontu dosahuje aZ cca 8 m. Pro zjiSténi propustnosti (resp. sou-
Cinitele filtrace), velikosti pfitoku a dosahu depresniho kuZele tady
byly situovany dva dlouhodobé Cerpaci pokusy, v sadech u Muzea
hl. m. Prahy a v prostoru nadraZi Praha stfed (zde byl i vy$e zminé-
ny pokus tésnici injektdZe). Vzhledem ke sloZitosti hydrogeologické
problematiky, nutnosti posoudit vliv vystavby metra na proudéni
podzemni vody a potfebé navrhnout opatfeni pro bezpecnou razbu
tratovych tuneld zde bylo aplikovdno feSeni s pomoci hydrologic-
kych modelu (spoluprdce s VUT Brno — Védecko vyzkumny tstav
vodniho stavitelstvi a hospodérstvi — Doc. V. Hdlek). Na podkladé
modelovych vysledki byl stanoven rozsah deprese 250 m a pro tpra-
vu vodniho reZimu byl navrzen systém jimkového zafizeni
v Pobrezn{ ulici.

Geotechnicky monitoring zde byl aplikovdn predev§im u vystavby
stanice Florenc. Pfislu$nd mereni probéhla ve spolupraci s VUT Brno
(I. KamenicCek, F. Nazari) a zahrnovala:

— Méfeni prahybu a pootoceni podzemni stény (geodetickymi meto-
dami).

— Meéfeni deformaci v horniné za podzemni sténou (z prilehlé méri-
cf Sachtice byly ve tfech hloubkovych tGrovnich vyvrtiny horizon-
tdlni vrty a do nich osazeny extenzometry (v kazdém vrtu 3 péro-
vé kotvy VUT Brno).

— Meéfeni napéti na styku lamel s horninou (mezi beton stény
a horninu byly osazeny tlakomérné vaky, Cdst jich byla
i v zékladové spdre lamel).

— Méfren{ na lameldch podzemnich stén (deformace betonu struno-
vymi tenzometry a na armatufe odporovymi tenzometry).

— Méreni osové sily ve stropé stanice (do spar mezi lamelami
a stropnimi Zelezobetonovymi prefabrikdty byly osazeny strunové
dynamometry).

Vysledky méfeni odpovidaly znacné tuhosti konstrukce stény

s pevnym vetknutim do horniny (hodnoty pootoceni a prohnuti byly
minimdln{). RovnéZ zjisténé horninové tlaky byly velmi malé.

Podrobny prizkum pro 1. provozni dsek metra trasy A Dejvicka —
Ném. Miru dokon¢il PUDIS v roce 1971 a pro II. provozni tsek —
Ném. Miru — Zelivského v roce 1973 (pro piilehlé podzemni technic-
ké centrum v roce 1975). Byla zde ziskdna rada informaci daleZitych
nejen pro stavbu metra, ale i pro upfesnéni celkového nazoru na jed-
notlivé horizonty zemin pokryvnych dtvarQ a hornin skalntho podloZi
v prazské oblasti. Terénni zkousky zde byly realizovdny celkem v 10
kopanych Sachticich &i jaméch (tyto byly ddle vétSinou vyuZity i pri
vlastni stavbé, napriklad jako pristupové, t€Zni ¢i vétraci jamy).
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Obr. 5 Celkovy pohled do pokusné odlehcovaci Stoly (rok 1973 — I. provozni
tsek trasy A metra)

Fig. 5 A general view in the stress relieving trial gallery (1973 - 1st operating
section of the Metro Line A)

the complexity of the hydrogeological problems, the necessity for the assess-
ment of the impact of the metro construction on the ground water flows, and the
need for the designing of measures for safe driving of running tunnels,
a solution using hydrological models was applied in this case (in cooperation
with the TU Brno — the Scientific research Institute of water resources engine-
ering and management - Doc.V. Hilek). The extent of the depression was deter-
mined on the basis of the model results at 250m; a cofferdam system was desig-
ned for the modification of the water regime, to be built in Pobfezn{ Street.

The geotechnical monitoring was applied first of all in the case of the con-
struction of Florenc station. The respective measurements were carried out in
collaboration with the TU Brno (I. Kameni¢ek, F. Nazari); it comprised the fol-
lowing activities:

- Measurements of deflection and angular rotation of a diaphragm wall (by

survey methods).

- Measurements of deformations in the rock mass behind a diaphragm wall
(horizontal holes were drilled from an adjacent measurement shaft, at three
depth levels; extensometers were installed in the boreholes (3 TU Brno
spring anchors in each hole).

- Measurements of stresses at the interface between the lamellas and ground
(pressure cells were installed between the concrete wall surface and the
ground; several cells were also on the foundation base of the lamellas).

- Measurements on the lamellas of diaphragm walls (deformations of conc-
rete measurements by vibrating wire strain gauges and, on reinforcing
bars, by resistance strain gauges).

- Measurements of the axial force in the roof of the station (string-type dyna-
mometers were inserted to the joints between the lamellas and the precast
reinforced concrete roofing elements).

The results of the measurements corresponded to the significant toughness
of the wall structure firmly keyed into the rock mass (the values of angular
rotation and deflection were minimum). The rock pressures which were deter-
mined were also small.

PUDIS completed the detailed survey for the 1st operating section of the
Metro Line A (between Dejvickd and Néamésti Miru stations) in 1971 and for
the 2nd operating section (between Ndmésti Miru and Zelivského stations) in
1973 (for the adjacent technical services centre in 1975). The survey provided
lots of information important not only for the metro construction but also for
the refining of the overall opinion of the individual horizons of soils forming
the nappe and the rock forming the bedrock in the region of Prague. In this
area, the field tests were performed in a total of 10 dug shafts or holes (the
shafts/holes were further used even during the construction itself, for example
as access/hoisting/ventilation shafts).

The demanding section of the route between Klarov and Kaprova Street,
with the first passage under the Vltava River bed, was the subject of
a supplementary survey. The first part of the survey, which contained 3 bore-
holes drilled down to the bottom, was carried out jointly with Stavebn{
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Narocny tsek trasy Kldrov — Kaprova s prvym podchodem metra
pod fe¢istém Vltavy byl predmétem dopliiujiciho prazkumu. Jeho prva
Cast se tfemi vrty do dna byla zpracovdana se Stavebni geologii
n. p. Praha (L. Klepa¢ — R. Votocek). Informace o vlastnostech horni-
nového prostredi pod fekou mezi jednotlivymi vrty byly odvozovany
z vysledka seismického a geoelektrického méfeni. Déle ve vrtech pro-
béhly vodni tlakové a zkrdcené injekéni zkousky (byla zjisténa mald
propustnost hornin). V rdmci predstihovych &dsti stavby zde byly
v roce 1975 jesté realizovédny (z ndrazi§té Sachty na AlSové nabrezi
a z Celby levého a pravého tratového tunelu) prizkumné horizontalni
predvrty pramérem 58 mm soupravou Diamec — 250 (Geoindustria
n. p. — zavod Jihlava), z nichZ nejdelsi (211,8 m) prosel pod celou
Vltavou.

Razba tdseku pod Vltavou (a pod Starym Mestem az do stanice
Mustek) byla z bezpe&nostnich duvodu navrzena s vyloucenim trha-
cich praci, které by mohly narusit horninovy masiv a zvétsit pritoky do
tunelu (resp. poskodit historickou zdstavbu). Proto zde byly nasazeny
(v roce 1976) dva sovétské mechanizované tity TSEB-3 s vyrobou
osténi z monolitického lisovaného betonu (maximdln{ tlak pfi prvnim
stupni lisovéni byl 0,5 MPa a pii druhém 1,5 MPa). Pro tento beton
byla poZadovéna vodonepropustnost V 8, a to pri vylou¢eni moZnosti
armovdan{ — prosty beton tedy musel vyhovét meznimu stavu vzniku
trhlin. Po ziskdni technické dokumentace tohoto Stitu v roce 1973 se
dalsi prace dopliiujictho prizkumu prizpusobily pozadavkim vyply-
vajicim z jeho konstrukce. Kromé zdkladnich fyzikdlnich, pretvarnych
a pevnostnich charakteristik bylo v tomto pfipadé tfeba urcit i stav pri-
mdrni napjatosti horninového masivu a jeho reologické chovini.
7 analyzy uvedené technologie na vyvoj horninovych tlaka
(Hydroprojekt Praha — M. Dolezalovd) totiZ vyplynulo, Ze poc¢dtecni
hodnota reaktivniho tlaku na obezdivku je zdvisld predevsim na tlaku
lisovéni, zatimco konec¢nd hodnota po dosaZeni stavu dlouhodobého
pusobeni je pfimo zévisld na velikosti a rozdéleni ptvodnich napéti
v horninovém masivu. Pro obezdivku kruhového prufezu bylo tieba
stanovit predevs§im pomér horizontdlnich a vertikdlnich sloZek napéti,
tj. soucinitel horninového tlaku v klidu K. Pfisluiny experiment byl
realizovdn na konci piistupové Stoly na levém bfehu Vltavy
u Manesova mostu. Vzhledem k velmi proménlivému a zna¢nému tek-
tonickému porusent jilovitych bridlic vinického souvrstvi nemohla byt
uloha feSena pouze béZznou metodou odlehleni vrtného jadra, protoze
vysledky by mély jen lokdln{ platnost pro zdkladni materidl horniny
objemového méfitka cm3 nebo dm3. Velikost objemové jednotky, jejiz
napjatost bylo nutné urcit, byla zde minimalné fadu 10 m3. Proto byla
zvolena metoda stanoveni napjatosti horninového masivu odlehceni
Stolou, kterou navrhl a poprvé v roce 1963 realizoval Prof. L. Miiller
ze Salzburku. Tato deformacni metoda je zaloZena na odvozeni pri-
madrn{ napjatosti na podkladé velikosti a sméra deformaci horninové-
ho prostiedi v okoli odlehovaci $toly, vzniklych pfi jejim razeni (bez
vystroje). V nasi republice $lo v roce 1973 o prvou aplikaci (resp.
dosud jedinou), pfi¢emZ pouzitd modifikace se lisila od puvodni verze
systémem méfeni pretvoreni a zpisobem vyhodnoceni. Zékladn{ prin-
cip této modifikace je zfejmy z obr. 4. Ve stadiu pripravnych praci
byly z Cela pristupové Stoly vyvrtdny Ctyfi paprskovité se rozbihajici
vrty. Do téchto vrta byly zasunuty trubky z PVC, v nichZ byly umis-
tény ve vzdjemnych vzddlenostech 2 m osvétlené cilové znacky pro
sledovéni dhlovych posuvu. Tésny kontakt trubek s horninou byl
zajistén vyplnovou injektdZi. Pro sledovédni horizontdlnich
a vertikdlnich slozek posuvu cilovych znacek byl pouzit velmi presné
centrovany teodolit, umistovany do pruse¢iku os pozorovacich vrtu.
Vychozi znaCky méfeni byly fixovédny v betonovych blocich v zadni
Casti pristupové Stoly. Po zdkladnim zaméteni vSech znacek bylo zahd-
jeno razeni kruhové odleh&ovaci Stoly o priméru 2 m. Vylom byl pro-
véaden s Gplnym vyloucenim trhacich praci, ¢elo vyrubu bylo udrZova-
no stdle svislé. Odlehcovaci Stola nebyla podchycovdna vyztuzi
a vloZend bezpetnostni vystroj nebyla dotahovana k horniné. Pohled
do odleh¢ovaci §toly celkové délky 10,3 m zachycuje obr. 5. Pfi raze-
ni dochézelo k pohybu horninového masivu smérem k odlehcovaci
Stole, ktery sledovaly i trubky s cilovymi znackami. Tyto byly zamé-
fovény jak v pribéhu raZeni, tak i po jeho dokonleni pro urceni ¢aso-
vého doznéni deformaci. Pro vyhodnoceni experimentu byly na pod-
kladé terénnich zkousSek mechaniky hornin v prilehlé rozraZce sesta-
veny geotechnické podklady, vystihujici heterogenitu a anizotropii
pretvarného a pevnostntho chovdni horninového prostredi.
K vyhodnoceni bylo pouzito matematické modelovani pokusu meto-
dou kone¢nych prvki (Hydroprojekt Praha — M. Dolezalovd). Pfi
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Geologie n.p. Praha (L. Klepa¢ - R. Votocek). The information about the pro-
perties of the rock environment under the river, between the individual bore-
holes, was derived from the results of seismic and geoelectrical measurements.
The further tests which were conducted in the boreholes were the water pres-
sure tests and rapid grouting tests (low permeability of the rock mass was iden-
tified). Horizontal probe holes 58mm in diameter were drilled within the fra-
mework of enabling works in 1975. The drilling was performed from the bot-
tom of the shaft on the AlSovo Embankment and from the left and right run-
ning tunnel excavation faces, using a Diamec — 250 drill rig (Geoindustria
n.p. — Plant Jihlava). The longest of the boreholes (211.8 m) passed under the
whole Vltava River width.

The excavation of the section under the Vltava (and under the Old Town up
to Mustek station) was designed, for safety reasons, with blasting operations
excluded. The blasting could have disturbed the rock mass and increased the
inflows to the tunnel (or damaged historic buildings). This was why a pair of
Soviet-make mechanised shields TS¢B-3 producing cast-in-situ compressed
concrete lining (the maximum pressure in the first and second degree of com-
pression was 0.5MPa and 1.5MPa respectively) were deployed on this route
(1976). The specification for this concrete required the V8 waterproofing capa-
city to be achieved without steel reinforcement; the non-reinforced concrete
therefore had to be designed for the limit state of cracking. When the technical
specifications of the shield were obtained in 1973, the tasks of the supplemen-
tary survey were adjusted to the requirements following from its design. It was
necessary in this particular case to determine not only the basic physical, defor-
mational and strength-related characteristics but also the primary state of stress
of the rock mass and its rheological behaviour. It was so because of the conc-
lusion of the analysis of the effect of the given excavation equipment on the
development of rock pressures (Hydroprojekt Praha — M. DoleZalov4) that the
initial value of the reaction pressure on the lining depends, first of all, on the
compression, while the final value once the state of long-term action has been
reached directly depends on the magnitude and distribution of the original
stresses in the rock mass. It was necessary for the circular cross-section lining
to determine, first of all, the proportion of horizontal and vertical components
of the stress, i.e. the coefficient of rock pressure at rest Ko. The relevant expe-
riment was performed at the end of the access adit, on the left bank of the
Vltava River at the Médnestv Bridge. In view of the very variable and serious
tectonic faulting of the clayey shales of the Vinice Formation, the task could
not be solved only by a common stress relieving method because the results
would have been applicable only locally, to the basic rock material with the
volume measured in cm3 or dm3. The magnitude of the unit of volume for
which the state of stress had to be determined was, in this particular case, in the
order of 10 m3 as a minimum. For that reason, the method which was selected
for the determination of the state of stress in the rock mass was the method
which was proposed and first time realised (in 1963) by Prof. L. Miiller from
Salzburg (and Karlsruhe), where the subject of the stress relief was a gallery
instead of a borehole. This deformation method is based on the derivation of
the primary state of stress from the magnitudes and directions of the rock mass
deformations in the vicinity of the stress relieving gallery, which developed
during the gallery excavation (non-supported excavation). The application in
1973 was the first (or till then the only) in the Czech Republic, while the modi-
fication used differed from the original version in the system of the measure-
ment of deformations and assessment of the results. The basic principle of this

Obr. 6 Pohled na jizni portdl Strahovského tunelu (projekt i pruzkum
PUDIS). Foto J. Husdk

Fig. 6 A view of the southern portal of the Strahov tunnel (the design and
survey by PUDIS). Photo: J. Husdk
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itera¢nim feSeni byly vypocteny sméry a velikosti posuva pro rizné
hodnoty soucinitele horninového tlaku v klidu Ko. Shody matematic-
kého modelu s prototypem bylo dosazeno pro Ko, = 0,32, ktery byl
vyslednou charakteristikou hledaného stavu primdrni napjatosti horni-
nového masivu.
V prazkumné Stole bylo déle dlouhodobymi zatéZovacimi zkouska-
mi deskou (plochy 5000 cm2) zjistovdno reologické chovani jilovitych
bridlic vinickych vrstev. Tuto problematiku bylo tfeba objasnit pro
ovéfeni asové proménlivosti reaktivnich tlaka horninového prostiedi
na osténi z lisovaného betonu. Z délky dotvarovéani (fddové stovky
dnt) a velmi vyrazné relaxace vneseného tlakového napéti s ¢asem
bylo zfejmé plastické chovdni tohoto horninového prostiedi. Proto pri
dimenzovéni obezdivky tratovych tuneld nebylo mozZné dlouhodobé
pocitat s priznivym vlivem predpéti vneseného pri lisovani do betono-
vé smesi.
V rdmci dopliujicitho prazkumu pro I. provozni Usek metra trasy
A byla feSena jesté rada dalSich problematik, napriklad pro stanici
Mustek ovéfen{ vlastnosti tektonicky poruSenych hornin v oblasti pfi-
lehlé k prazskému zlomu (v geologické minulosti zde probéhl relativ-
ni pohyb po drdze vétsi nez 1000 m).
RovnéZ pokracovala méreni monitoringu vystavby trasy A, napfi-
klad extenzometrii v nadloz{ stani¢nich tuneli Hrad&ansk4 (leden aZ
Cerven 1974) byly zjistény relativné malé svislé poklesy — do 12 mm.
Paralelné v uvedené dobé PUDIS jesté zpracoval priizkumy pro
nasledujici ¢asti tras metra:
—1II. provozni tsek metra trasy C Kacerov — Héje — IG pruzkum
(roky 1973 — 1974),

— III. provozni dsek metra trasy C Florenc — Vltavskd — predbézny
IG prizkum (rok 1973),

— 1. provozni tsek metra trasy B Florenc — Nadrazi Smichov —
podrobny IG prazkum (roky 1974 — 1977).

V roce 1977 doglo z rozhodnuti piedsedy Ustiedniho geologického
tradu ke zméné generdlniho dodavatele inZenyrsko-geologickych pru-
zkumi pro metro — misto PUDIS byla timto povéfena Stavebni geolo-
gie n. p. Davodem byly lepsi predpoklady této firmy k plnéni pozado-
vanych termind, protoZe vlastnila i vrtnou techniku (PUDIS tyto price
musel zajiStovat u subdodavatell, napfiklad i u Stavebni geologie — viz
vy%e). To oviem neznamenalo, Ze od této doby PUDIS zcela prestal
pracovat na prizkumech pro metro, specidlni problematiky mu byly
zaddvdny i naddle (viz niZe uvedené piiklady v této dekadé i dalSich).

V letech 1978 — 1979 PUDIS zpracoval napiiklad dopliiujici pri-
zkum pro stanici Mustek na I. provoznim tseku trasy B metra. Jednalo
se zejména o terénni zkousky mechaniky hornin pro projekt prestupu
na trasu A a ddle pro matematické a fyzikdlni modelovéni raZenf sta-
nice a jeho vlivu na vyvoj pretvofeni nadloznich hornin, které tvor{
podlozi chrimu Panny Marie SnéZné. Spolehlivy ndvrh zajistén{ zdkla-
du pred nepfiznivymi posuvy, jak ve vertikdlnim, tak i horizontdlnim
sméru, byl duleZity vzhledem k tomu, Ze se jednd o nejvySsi stavbu
v Praze s gotickou klenbou citlivou na veskeré nerovnomeérnosti defor-
maci podzakladi. Dalsi ¢ast dopliujiciho pruzkumu se tykala tratové-
ho dseku mezi stanicemi Mustek a Ndmésti Republiky, kde se ovéro-
vala moZnost nasazeni mechanizovaného §titu TSEB-3. V levém tune-
Iu byl situovén horizontdlni vrt soupravou Diamec (Metrostav) délky
110 m, ktery zastihl prachovité bridlice zahoranského souvrstvi.
Laboratorné zjisténd pevnost horniny v tlaku byla nejéastéji cca 25
MPa, prevdzné se pohybovala do 40 MPa a nepreséhla (ani u poloh
jemnozrnnych prachovetl) 60 MPa, coZ jsou hodnoty danym typem
mechanizovaného stitu zvladnutelné.

PUDIS se v této dekddé vénoval i priizkumiim pro jiné tunelované
stavby, z maloprofilovych naptiklad dseky stoky K (roky 1971 —
1979), kmenové stoky F (rok 1976), kabelového tunelu Praha-stied.
Dile to byly automobilové tunely, které PUDIS i projektoval — jako
hloubeny TéSnovsky (roky 1977-1979) a predev§im Strahovsky —
v roce 1978 byla dokonéena predbéznd prazkumnd etapa zaloZend na
zhodnoceni 22 svislych vrtd (s karotdZnim méfenim a laboratornimi
zkouskami) hloubenych z povrchu nadlozniho terénu.

LETA OSMDESATA (1980 - 1989)

V této dekddé dominuje pruzkum pro Strahovsky automobilovy
tunel (O. Tesaf — J. Hudek aj.). Pfedchozi vysledky z vrtného prazku-
mu zjistily skladbu a vlastnosti nadloZnich svrchnokfidovych hornin
i ordovickych, ve kterych byl hloubkové tunel situovén. Piislusné
charakteristiky byly interpretovdny pro fyzikdlni modely, jimiz byla
oveérovana maximdlni plocha Celby, kterd je jeSte pfi plném vylomu

Tuel

modification is obvious from Fig. 4. Four radially diverging holes were drilled
from the excavation face of the access gallery in the phase of the enabling
work. PVC tubes containing illuminated targets for the observation of the
angular displacement (at 2.0m spacing) were inserted into the boreholes. The
close contact of the tubes with the ground was provided by means of the annu-
lus grouting. The horizontal and vertical components of the displacements of
the targets were observed by a very precisely centred theodolite, which was set
at the points of intersection of the axes of the observation boreholes. The ori-
ginal measurement markers were fixed in concrete blocks in the rear part of the
access gallery. When the basic survey of all markers had been completed, the
excavation of the stress relieving adit (2.0m in diameter) started. The excava-
tion was carried out with strict exclusion of blasting operations; the excavati-
on face was maintained permanently vertical. The stress-relieving adit was not
supported by any lining and the supporting frames were not tightened against
the rock. A view inside the 10,3m-long stress relieving adit is presented in Fig.
5. The movements of the rock mass toward the stress-relieving adit occurred
during the course of the excavation; the tubes with the targets followed this
movement. The movements were surveyed both during the excavation and
after its completion to allow the determination of the time at which the defor-
mations became stable. Geotechnical working papers which were compiled for
the purpose of the assessment of the results of the experiment on the basis of
the rock mechanics field tests carried out in a short adit driven to the side of the
gallery provided the characteristics of the heterogeneity and anisotropy of the
deformational and strength-related behaviour of the rock mass. The assessment
was carried out using the mathematical modelling of the test by the Finite
Element Method (Hydroprojekt Praha - M. Dolezalovd). The directions and
magnitudes of displacements were calculated for various values of the coeffi-
cient of rock pressure at rest K, using the iteration process. The consistency
between the mathematical model and the prototype was achieved for
Ko =0.32, which was a resultant characteristics of the primary state of stress
of the rock mass which was being sought.

The survey gallery was further used for the determination of rheological
behaviour of the clayey shale of the Vinice Member by means of long-term
plate-bearing tests (the area of 5000 cm?2). This problem had to be cleared up
for the examination of the time-dependent character of the changes in the reac-
tion pressures of the rock environment acting on the compressed concrete
lining. The duration of the yielding process (in the order of one hundred days)
and the pronounced relaxation of the induced stress with time signified the
plastic behaviour of the rock environment in question. It was, therefore impos-
sible for the structural analysis of the lining of running tunnels to take into
account a long-term favourable effect of the pre-stress transferred into the
concrete during the concrete mixture compression process.

Many other problems were solved within the framework of the supplemen-
tary survey for the 1st operating section of the Metro Line A, for example the
verification of the properties of the tectonically faulted rocks in the area adja-
cent to the Prague Fault (a relative movement along a path longer than 1000m
took place in this location in the geological history) for Mustek station.

The measurements which were part of the monitoring of the Line
A construction also continued, for example the extensometer measurements in
the overburden of the Hrad¢anskd station tunnels (January through June 1974)
identified relatively small vertical settlement values — up to 12mm.

Concurrently, at the above-mentioned time, PUDIS carried out surveys for
the following parts of the metro lines:

- 2nd operating section of the Metro Line C- Kacerov — Hdje: an EG survey

(1973 - 1974),

-3rd operating section of the Metro Line C - Florenc — Vltavska:

a preliminary EG survey (1973),

- 1st operating section of the Metro Line B - Florenc - Nddrazi Smichov:

a detailed EG survey (1974 - 1977).

In 1977, the chairman of the Ustfedni Geologicky Urad (the Central
Geological Board) decided that the general contractor for the engineering-geo-
logical surveys for the metro construction, PUDIS, be replaced by Stavebni
Geologie n.p. The reason was the fact that Stavebni Geologie n.p. had better
conditions for meeting the required deadlines because it had its own drilling
equipment (PUDIS had to provide subcontractors for this work, for example
even the above-mentioned company Stavebni Geologie n.p.). This, however,
did not mean that PUDIS completely ceased working on the surveys for the
metro; it continually received orders for special problems (see the examples
from this decade and later presented below).

In 1978 — 1979, PUDIS carried out, for example, the supplementary survey
for Mustek station on the 1st operating section of the Metro Line B. It consis-
ted mainly of rock mechanics field tests for the design for the passenger inter-
change to the Line A and mathematical and physical modelling of the station
excavation and its influence on the deformation of the rock in the overburden,
which form the support of the Church of our Lady of the Snow. It was impor-




Obr. 7 Zkouska pevnosti v tiiosém tlaku (ndvrh aparatury VUT Brno) na hor-
ninovém bloku pruiezu 50 x 50 cm a vysky 100 cm, (rok 1996 — pruzkumnd
Stola pro tunel Mrdzovka)

Fig. 7 Triaxial test (design of the apparatus by TU Brno) on rock block cross
section 50 x 50 cm and height 100 cm (1996 - the exploratory gallery for the
Mrdzovka tunnel).

stabilni, délka nezapaZené ¢asti vyrubu, optimdlni vzdélenost tunelo-
vych trub, podminky realizace tfiproudového tunelu a vhodnost Nové
rakouské tunelovaci metody pro tuto lokalitu. Pro hodnoceni kvality
horninového masivu byl jiz aplikovdn systém klasifikace QTS
(O. Tesar).

V etapé podrobného pruzkumu (roky 1980 — 1986) byla raZena
a monitorovdna prazkumnd Stola situovand v mistech opéry zdpadni
tunelové trouby. Zde v charakteristickych mistech byly zjistovény pre-
tvdrné a pevnostni vlastnosti jednotlivych typu hornin terénnimi
zkouskami na horninovych blocich (celkem v 8 rozrdzkdch). Dals{
informace byly ziskdny ze systému horizontdlnich a Sikmych pru-
zkumnych vrtl. Specidlni program zde mél hydrogeologicky pruzkum,
ktery byl zaméfen na sledovani vlivu jednotlivych fazi vystavby na
rezim podzemnich vod. Ve vybranych mistech byly pozorovaci vrty
s pravidelnym reZimnim méfenim. Pfi monitoringu razby prizkumné
Stoly probihala (mimo nivelaci povrchu terénu) extenzometrickd méfe-
ni (svislé vrty z povrchu terénu s pérovymi kotvami VUT Brno osaze-
né az v 5 hloubkovych trovnich) a systém byl ddle ponechan ke sle-
dovéni vlivu vylomu jednotlivych ¢asti vlastniho tunelu. Vyska roz-
volnéné zény nad Stolou i tunelem byla ovéfovana gama-gama karota-
Z{ ve vrtnych véjifich a hydraulickymi vaky byl sledovén vyvoj tlaku
na vystroj. V souvislosti s témito novymi informacemi pokracovalo
feSeni tloh na hmotnych a matematickych modelech. Strahovsky tunel
PUDIS rovnéZ projektoval (fotografie na obr. 6 zachycuje jeho jizni
portal).

Dalsi prazkum v osmdesétych letech se tykal pfipravované Casti
méstském okruhu v dseku Spejchar — Argentinskd, kde byl tehdy pred-
pokldddn hloubeny tunel (i pod Stromovkou). Byly zde jiz ziskdny
podrobné vysledky véetné terénnich zkousek (rok 1987) z pruzkumné
Sachtice situované v tuseku nejhlubSiho tunelu (22 m) v ulici
Gerstnerové v prostiedi piscitych bridlic letenského souvrstvi.

Pro metro v této dobé PUDIS zpracoval napiiklad dopliiujici prii-
zkum pro stanici Nédrodn{ tfida na I. provoznim dseku trasy B metra.
Jeji ¢ast pod Spélenou ulici zasahuje pod kostel Nejsvétéjsi Trojice,
ktery bylo nutné uchranit pfed poskozenim v disledku nerovnomérné-
ho sedani podzakladi. Pro situovani zkusSebni rozrazky byla v roce
1981 vyuzita predstihovd pristupové dila (razba podnikem Vojenské
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tant for the design for the protection of the foundation against harmful move-
ments, both vertical and horizontal, with respect to the fact that the church is
the highest Prague’s structure with a Gothic vault, which is sensitive to any
kind of uneven deformation of the foundation soil. Another part of the supple-
mentary survey covered the line section between Mustek and Némésti
Republiky stations, where the possibility of the application of a TSCB-3
mechanised shield was examined. A 110m long horizontal borehole, which
was set in the left tunnel tube, was drilled by Metrostav using a Diamec drill
rig. It encountered silty shales of the Zahorany Formation. The compressive
rock strength which was determined by a laboratory fluctuated most frequent-
ly about 25MPa, values up to 40MPa prevailed and 60MPa was not exceeded
(even in the case of fine-grained siltstone layers). The particular type of the
mechanised shield was able to cope with these values.

In this decade, PUDIS was engaged in surveys even for other tunnelling
projects, for example small-diameter tunnels such as sections of the Sewer
K (1971 - 1979), Trunk Sewer F (1976) or the cable tunnel Prague-Centre.
Further, it worked on the automobile tunnels which were also designed by
PfIDIS, such as the cut-and-cover TéS$nov tunnel (1977-1979) and, above all,
the Strahov tunnel. The preliminary stage of the survey for this tunnel, which
ended in 1978, was based on the assessment of 22 vertical boreholes (with log-
ging and laboratory testing) drilled from the ground surface above the tunnel.

»THE EIGHTIES* (1980 - 1989)

This decade is dominated by the survey for the Strahov automobile tunnel
(O. Tesar - J. Hudek et al.). The preceding exploratory drilling determined the
composition and properties of the rock forming the tunnel overburden (the
Upper Cretaceous Epoch) and the rock at the depth where the tunnel was loca-
ted (the Ordovician Period). The respective characteristics were interpreted for
the physical models which were used for the verification of the maximum area
of the excavation face (full-face excavation) which still remains stable, the
maximum length of the non-supported excavation, the optimum distance bet-
ween the tunnel tubes, conditions for the construction of a three-lane tunnel
and suitability of the New Austrian Tunnelling Method for this locality. The
QTS classification system (by O. Tesar) was applied to the assessment of the
rock mass quality.

The detailed survey phase (1980 — 1986) comprised the excavation and
monitoring of an exploratory gallery, which ran along the axis of the western
tunnel tube abutment. The deformational and strength-related properties of indi-
vidual types of rock were determined in characteristic points of the gallery by
field tests on rock blocks (in 8 short side adits). Other information was obtained
from a system of horizontal and inclined exploration boreholes. A special pro-
gram was developed for the hydrogeological survey. It was focused on obse-
rvation of the influence of individual phases of the construction on the ground
water regime. Observational boreholes, which were located in selected points,
were subjected to a regular measurement regime. The monitoring of the explo-
ratory gallery consisted (apart from the levelling of the terrain surface) of exten-
someter measurements (vertical boreholes drilled from the ground surface,
VUT Brno spring anchors installed at up to 5 depth levels); the system was kept
in place for subsequent monitoring of the effect of excavation of the individual
parts of the tunnel itself. The height of the loosened rock layer above the galle-
ry and the tunnel was verified by means of the gamma-gamma-ray logging per-
formed on fans of boreholes, and by hydraulic pressure cells used for the veri-
fication of the development of pressures on the lining. The work on the pro-
blems continued using material and mathematical models, with the new infor-
mation taken into consideration. The design for the Strahov tunnel was also car-
ried out by PUDIS (the picture of the southern portal is presented in Fig. 6).

Another survey which was carried out in the 1980s was associated with the
section of the planned Prague City Circle Road (the inner circle) between Spej-
char and Argentinskd Street, where a cut-and-cover tunnel was assumed at that
time to be built (even under the Stromovka Park). The survey was already
capable of providing detailed results inclusive of the field tests results (1987)
obtained from a survey shaft located in the deepest (22m) tunnel section under
Gerstnerova Street, found in the environment formed by the sandy shale of the
Letnd Formation.

Regarding the underground railway (the Metro), PUDIS carried out
a supplementary survey for Ndrodn( tfida station on the 1st operating section
of the Metro Line B at that time. The part of the station which is found under
Spélend Street extends under the Trinity Church, which had to be protected
against damaging by uneven settlement of the foundation ground. The testing
point of attack was chosen to be in one of the access galleries which had been
built in advance (1981) by Vodni Stavby. The results of the field tests provided
the basis for the determination of the input deformational and strength-related
characteristics (including heterogeneity and anisotropy); the relevant statistical
issues were solved by PUDIS by means of mathematical modelling (the Finite
Element Method - I. KameniCek).
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stavby). Na podkladé vysledka terénnich zkouSek byly stanoveny
vstupni pretvarné a pevnostni charakteristiky (vCetné heterogenity
a anizotropie) a piislusnou statickou problematiku fesil PUDIS mate-
matickym modelovéanim (metodou konegnych prvki — I. KameniCek).

Pro III. vinohradsky Zelezni¢ni tunel PUDIS v roce 1980 zpracoval
dopliiujici pruzkum (zahrnujici i kopanou Sachtici s terénnimi zkous-
kami) pro oblast vrSovického portdlu, kde byla projektovdna hlubokd
stavebni jama v ndplavech Botice a bridlicich letenského a vinického
souvrstvi. Pro razbu PUDIS v roce 1985 provadél inZenyrsko-geolo-
gické sledovani 520 m predstihovych $tol (az do doby jejich zastaveni
z duvodi zmény technologie vystavby vlastnich tuneld) se zhodnoce-
nim kvality horniny (klasifika¢ni body QTS) a reZimnim merenim pii-
toku podzemni vody. Po zméné technologie vystavby (dva tratové
tunely prstencovou metodou) bylo posuzovéni alternativnich feSeni
postupt raZzeb v ndro¢nych dsecich (s tektonicky porusenou horninou
letenského souvrstvi) v roce 1988 zalozeno na informacich ze tif jad-
rovych horizontélnich vrta (délky 50 m). Specidlni ¢asti geotechnické-
ho monitoringu vystavby byla kontrola injek&niho zpevnéni (provede-
ného n. p. Vodni stavby Praha — Odstépny zavod pro specidlni zakla-
dénf staveb — injek&ni prace fidil J. Verfel) v prostiedi libenskych brfid-
lic v nejndro¢néjsi ¢asti tunelu — v misté navazani nové Casti z roku
1987 na vyrub preruSeny v roce 1945. Tato oblast prilehld k Anglické
ulici byla mimorddné exponovand stavebné (v relativné nizkém nadlo-
Zi jsou zaloZeny suterény bloku domu a v podloZi se kiiZi vinohradské
Zeleznicni tunely se spojkami tras metra A — C) i geotechnicky (horni-
nové prostredi tvori mékké bridlice tektonicky porusené, mocnost
zdravého horizontu v nadloZi byla pouze 3 m). Kontrola byla zaloZe-
na na aplikaci terénnich presiometrickych zkousek ve vrtech
a statisticky porovnévala prislu§né vysledky pfed a po zpeviovaci
injektdZi. Primérnd hodnota presiometrickych modull pretvdrnosti
pred injektdzi byla Eop = 389 MPa a po ni Eqp = 505 MPa. Toto zvy-
Seni modull (resp. sniZeni stlaCitelnosti) reprezentuje cca 30 %
a potvrzuje Gspe¥nost zpeviovaci injektdze.

Z prizkumi PUDIS pro maloprofilové tunely piislusného obdobi
Ize zminit napfiklad sbéra¢ Barandov (rok 1980), kolektory Zizkov II
a trasu Zizkov — Senovdzné namésti (rok 1984) nebo kabelové tunely
Zizkov a Prazagka (rok 1985).

LETA DEVADESATA (1990 - 1999)

Devadesita 1éta 20. stoleti jsou v Cechach charakterizovand prede-
v§im pfechodem na zpusob tunelovani pomoci NRTM. Ur¢itym milni-
kem co do ndro¢nosti problému razby velkych vyrubu velmi mélko
pod obydlenou zdstavbou byla vystavba tunelu Mrazovka v Praze,
kterd zacala v roce 1998. Vystavbu tohoto silni¢niho tunelu pfedcha-
zelo nékolik etap inZenyrsko-geologického pruzkumu (J. Hudek —
J. Vorel aj.) vCetné razby prazkumné $toly v letech 1995 — 1998, kde
prizkumné a monitorovaci prace zajiStoval PUDIS, a. s. I zde byla
pouzita celd $kdla terénnich geotechnickych zkousek in situ (viz pii-
klad zkousky v tfiosém tlaku na obr. 7). Razba pruzkumné Stoly byla
monitorovdna konvergen¢nim, extenzometrickym méfenim, méfenim
tlaku na osténi apod. To umoZnilo velmi presné stanovit vstupni hod-
noty do matematickych modela a statickych vypoctu. Jiz vSak od
razby prazkumné Stoly bylo zfejmé, Ze podstatnou roli pri razbé tune-
1t budou hrét zlomové poruchové zény v horninovém masivu skalni-
ho podloZi. To se potvrdilo pfi razbé tiipruhovych tuneld u severniho
portalu a pfi razbé pod zéstavbou ul. Ostrovského (obr. 8) a Cdstecné
pod zdstavbou v ul. Bieblové a Na Doubkové. Razba tunelu (probiha-
jici 1998 — 2002) zpusobovala v poruchovych zéndch jilovitych libefi-
skych a ¢dstené i tektonicky porusenych bridlic letenského souvrstvi
zvySené deformace primarniho osténi a zvySené poklesy terénu nad
tunely. Velmi G&inné€ pak zapUsobila zvolend zména Elenéni pobiran{
a zajisténi vyrubu z horizontdlniho na vertikdlni, coz umoznilo (spo-
le¢né s dal§imi opatfenimi — v&etné sana¢ni a kompenzaéni injektdze)
bezpecny podchod raZeb i pod obydlenou zastavbou.

Kromé silni¢nich tunelt Strahovského a Mrazovka (popf. kratkého
silni¢niho Zlichovského tunelu na stavbé Zlichov—Radlickd) byly pro-
vadény inZzenyrsko-geologické prazkumy i pro rozvijejici se kolektory
v Praze. V téchto letech se PUDIS, a. s., téZ podilel na geologickém
dozoru razeb prazskych kolektoru, a to konkrétné kolektoru 2. katego-
rie Centrum 1.

V letech devadesétych minulého stoleti byly provadény firmou
PUDIS, a. s., také podrobné geotechnické prﬁzkumz pro tunely na dél-
nici D8 (tsek Lovosice — Rehlovice, rok 1997) v Ceském stfedohori.
Jednalo se o pruzkumy pro relativné kritké tunely Prackovice (délka

Obr. 8 Pri¢ny geologicky rez tunelem Mrdzovka s poruchovou zénou pod ul.

Ostrovského
Fig. 8 Geological cross section through the Mrdzovka tunnel with the fault
zone under Ostrovského Street

As to the 3rd Vinohrady tunnel, PUDIS carried out a supplementary survey
in 1980 (comprising even a dug hole for field tests) for the area of the portal
on the VrSovice side, where a deep excavation box was required by the design,
to be excavated in the Boti¢ brook alluvium and the shales of the Letnd and
Vinice Formations. The support provided by PUDIS for the excavation in 1985
consisted of the engineering geological monitoring of 520m of pilot galleries
(until the work was stopped as a result of the change in the technique of the
excavation of the tunnels themselves) comprising the assessment of the rock
mass quality (the QTS classification system) and measurements of the water
inflows regimes. When the construction technique had been changed in 1988
(two running tunnels to be excavated by the ring method), the evaluation of the
alternative solutions to the procedures for excavation in difficult sections (tec-
tonically faulted rock mass of the Letnd Formation) was based on the infor-
mation provided from three horizontal core holes (50m long). A special part of
the geotechnical monitoring consisted of the checking on the ground strengt-
hening by grouting (which was carried out by the specialist foundation branch
of Vodni stavby n.p.; the grouting was managed by J. Verfel) in the environ-
ment formed by the Liben Shale, in the most demanding part of the tunnel,
i.e. in the location where the new part of the tunnel from 1981 links the exca-
vation which had been suspended in 1945. This area, which is adjacent to
Anglicka Street, was exceptionally difficult in terms of the construction opera-
tions (basements of blocks of flats are founded in the relatively shallow over-
burden and the metro tunnels connecting the Line A and Line C run under the
Vinohrady railway tunnels) and from the geotechnical point of view (the rock
environment consists of soft, tectonically disturbed shale; the thickness of the
undisturbed layer in the overburden was only 3m). The checking was based on
the application of field pressuremeter tests in boreholes; the test results obtai-
ned prior to and after the stabilisation grouting were compared. The average
values of the pressuremeter moduli of deformation prior to the grouting and
after the grouting were Eop = 389 MPa and Eqp = 505 MPa respectively. This
increase in the moduli (or decrease in the compressibility) is about 30%; it pro-
ves that the grouting was successful.

Regarding the surveys for small-profile tunnels carried out by PUDIS in the
period in question, we can mention, for example, the Barrandov interceptor
sewer (1980), utility tunnels Zizkov II and Zizkov — Senovazné Namésti
(1984) or the cable tunnels Zizkov and Prazacka (1985).

~-THE NINETIES* (1990 - 1999)

The 1990s in the Czech Republic are characterised, above all, by transition
to the New Austrian Tunnelling Method. A certain milestone in terms of the
complexity of problems of large-profile excavation at very shallow depth
under existing residential buildings was the construction of the Mrdzovka tun-
nel in Prague, which started in 1998. This tunnel construction was preceded by
several stages of engineering geological surveys (J. Hudek - J. Vorel et al.), inc-
luding the excavation of an exploratory gallery in 1995 — 1998, where the sur-
vey and monitoring activities were provided by PUDIS a.s. This construction
also required a wide variety of in-situ geotechnical tests (see the example of
a triaxial compression test in Fig. 7). The excavation of the exploratory galle-
ry was monitored using convergence measurements, extensometer measure-
ments, measurements of the pressure on the lining etc. The monitoring results
made it possible for the determination of the input values for the mathematical
models and structural analyses to be carried out very accurately. Nevertheless,
it was clear from the beginning of the excavation of the exploratory gallery that
the fault zones existing in the rock mass forming the bedrock would play




Obr. 9 Aparatury pro dlouhodobé zatéZovaci zkousky deskou ovérujici reolo-
gické pretvdreni a bobtndni (rok 2005 — D8 prizkumnd $tola pro tunel
Prackovice)

Fig. 9 Equipment sets for long-term plate-bearing tests verifying rheological
deformations and swelling (2005 — D8 the exploratory gallery for the
Prackovice tunnel)

270 m) a Radejc¢in (délka 460 m). Specifi¢nost morfologie terénu
a samotnych hornin Ceského stiedohoii viak i z téchto malych tunelii
déld velmi zajimava podzemni dila. Trasa tunelt byla volena tak, aby
se vyhnula svahovym pohybum, prevézné tedy sesuvum, které jsou
v této lokalité velmi Casté. Expertni posouzeni z hlediska ovéfeni sva-
hovych pohybu provedl Prof. J. Pasek z Prirodovédecké fakulty UK
v Praze. Navic u tunelu Prackovice v té dobé panovala i obava
z bobtnacich tlaka ve zcela zvétralych tietihornich tufech.

Pro metro na zacétku této dekady (resp. v roce 1990) PUDIS, a. s.,
zpracoval podrobny prizkum pro tehdy projektovanou razenou jedno-
lodnf stanici na rozran{ II. a IV. provozniho tseku trasy B metra. Tato
stanice méla byt priblizné 300 m vychodné od dnesni Ceskomoravské
(po tprave trasovdni zde tento ndrony typ konstrukce nebyl realizo-
vdn). Prizkum zahrnoval i kopanou Sachtici do hloubky 30 m
s terénnimi zkouSkami pro modelovani jednolodni stanice metodou
kone¢nych prvka.

SOUCASNOST (2000 - 2007)

V obdobi soucasném, tedy jiz v novém stoleti a tisicileti, byla
pozornost geotechnického pruzkumu a monitoringu firmy PUDIS,
a. s., zamerena nejen tradiné na podzemni stavby budované v Praze,
ale i na tunely na dédlni¢nich stavbach.

Na dalnici D8 jednim z délni¢nich tunell na trase Usti nad Labem
— statn{ hranice se SRN je mensi, ale zajimavy tibo¢ni tunel Libouchec.
Jeho vystavba probihala v letech 2004 — 2006. PUDIS, a. s., byl zde
vedoucim tcastnikem sdruzeni firem PUDIS-SG Geotechnika, které
provddélo komplexni geotechnicky monitoring. Vysledky geotechnic-
kého monitoringu v relativné priznivych geologickych pomérech krus-
nohorského krystalinika umoznily realizovat na této stavbé ekonomic-
ky vyhodnéjsi sekunddrni osténi z prostého betonu.

U projektovaného dalsiho tunelu na D8 v pruzkumné $tole pro tunel
Prackovice se PUDIS podilel na geotechnickém monitoringu terénni-
mi a laboratornimi zkouSkami mechaniky hornin. Tyto zahrnovaly
i modifikované zatéZovaci zkousky, jejichZ tikolem bylo ovéfit efekt
bobtnani a dlouhodobého (reologického) pretvéreni horniny a jeho
vliv na vystavbu délni¢niho tunelu. Pro zajistén{ spolehlivosti vysled-
ku byly u vSech zatéZovacich zkousek zdvojeny systémy méfeni sil
a pretvoreni (obr. 9). Zkousky efektu bobtnani probihaly jednak za
,»puvodni vlhkosti“ v prizkumné $tole (resp. podminek relativni vlh-
kosti vzduchu v rozrdzce 49 az 54 %), a jednak po zvlhceni (vlhkost
vzduchu 96 az 100 %). U vodou skrdpéné povrchové &dsti se pritom
vlhkost horniny zvysila v praméru z puvodni cca 25 % na 30 %.
Zjistené hodnoty bobtnani stanovené v tufu mirné a silné zvétralém
byly relativné nizké a realizaci stavby ddlni¢niho tunelu by nemély
ohrozit ani zkomplikovat. Hlavnim vysledkem dlouhodobych zatézo-
vacich zkouSek byly moduly pretvdrnosti a parametry reologického
chovéni.
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a significant role during the tunnel excavation. This assumption was confirmed
during the excavation of the three-lane tunnels at the northern portal, during the
excavation under the existing buildings in Ostrovského Street (see Fig. 8) and,
partially, under the existing buildings in Bieblova and Na Doubkové Streets.
The tunnel excavation, which was carried out from 1998 to 2002, caused inc-
reased deformations of the primary lining and increased settlement of the ter-
rain surface above the tunnels when passing through the fault zones of the clay-
ey Liben shales and partly even the tectonically disturbed shales of the Letnd
Formation. However, the change in the excavation and support sequence from
horizontal to vertical was very effective. Owing to this change (together with
other measures including rehabilitation and compensation grouting), the exca-
vation safely passed under the residential buildings.

Apart from the construction of the road tunnels Strahov and Mrdzovka (or
also the short road tunnel Zlichov on the route Zlichov — Radlickd), the engi-
neering — geological surveys were carried out even for the utility tunnels being
developed in Prague. In these years, PUDIS participated in the geological
supervision over the excavation of the system of 2nd category utility tunnels in
Prague (Centrum I).

In the 1990s, apart from other work, PUDIS a.s. carried out detailed geo-
technical surveys for tunnels on the D8 motorway (the Lovosice-Rehlovice sec-
tion, 1997) in Ceské Stredohoii highlands, namely the Prackovice tunnel
(270m) and Radej¢in tunnel (460m). Even though relatively short, the tunnels
were very interesting civil engineering projects owing to the specific character
of the terrain morphology and the rocks forming the Ceské Stfedohofi hig-
hlands. The routes of the tunnels were designed in a manner which allowed
them to avoid slope movements, mostly landslides, which occur very frequent-
ly in this location. The expert assessment of the slope movements was carried
out by Prof. J. PaSek from the Faculty of Natural Sciences of the Charles
University. In addition, regarding the Prackovice tunnel, there were fears of
swelling pressures to be encountered in the completely weathered Triassic tuffs.

The work carried out by PUDIS for the Metro at the beginning of this deca-
de (in 1990) consisted of a detailed survey for the mined one-vault station
which was at that time planned by the designer to be located at the interface
between the 1st and 2nd operating section of the Metro Line B. This station
was to be located approximately 300m east of today’s Ceskomoravska station
(when the route alignment had been changed, the plan for this demanding type
of underground structure was abandoned). The survey even comprised a 30m
deep dug shaft for in-situ testing for the purpose of the FEM modelling.

THE PRESENT (2000 - 2007)

At present, meaning in the new century and new millennium, the geotech-
nical survey and monitoring activities of PUDIS a.s. have been focused not
only traditionally on underground construction projects in Prague but also on
tunnels being built on motorways.

Obr. 10 Razba prazskych kolektoru Vodi¢kova v oblasti Viclavského namésti
Fig. 10 Excavation of utility tunnels in Vodickova Street in the Wenceslas
Square area, Prague
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Obr. 11 PFi¢ny iez vyhybny prizkumné §toly Blanka s prizkumnou rozrdzkou
pro geotechnické zkousky in situ
Legenda: VP6/J-1...presiometricky vrt J-1ve véjiri VP 26

01.........méFict bod konvergenéniho méreni B
Wl.......... stuperi zvétrdni horninového masivu dle CSN 72 1001

Fig. 11 A cross section through the passing area of the exploratory galle-
ry “Blanka” with a short side adit for the in-situ geotechnical testing
Legend: VP6/]-1...pressuremeter borehole J-1 in the fan VP 26
convergence measurement point

....rock mass weathering degree according to CSN 72 1001

V ndvaznosti na zkuSenosti z geotechnickych pruzkumu
a monitoringt pro prazské kolektory Centrum I. (kolektory II. katego-
rie) byl navrZen geotechnicky monitoring kolektoru Centrum I.A
(kolektor TII. kategorie) ve Vodi¢kové ul. Tento byl zaddn sdruZeni
PUDIS-SG Geotechnika a probéhl v letech 2003 — 2007. Na obr. 10 je
fotografie z razeb kolektoru Vodi¢kova. Geotechnicky monitoring
a geotechnicky dozor mélko situované podzemni stavby v této expo-
nované lokalité pfinesl mnoho zajimavych informaci nejen z hlediska
chovan{ horninového masivu v nadloZi kolektoru piimo pod tramvajo-
vou trati, ale i vlivu razby na predem zajiSténou, dnes jiZ historickou
»ostie sledovanou zdstavbu“. Pfi geotechnickém dozoru kolektoru
Vodickova byl také hojné vyuZit interdisciplindrn{ pfistup spoluprice
inZenyrskych geologu s archeology. Jednalo se predevsim o vymezen{
byvalé rozsdhlé historické prirodni deprese vyplnéné organickymi,
Cdstednd antropogennimi sedimenty v mokiadu mezi ul. Skolskou
a V Jdmé, kterd byla pri¢inou zvySenych a dlouhotrvajicich deformaci
terénu v oblasti kiiZeni ulic Vodi¢kova a V Jamé.

Soucasné s monitoringem na kolektoru Vodi¢kova ul. byly téZ reali-
zovény firmou PUDIS, a. s., podrobné geotechnické prizkumy pro
dalsi prazské kolektory. Jednak pro kolektor Hldvkuv most, situovany
pod Vltavou (rok 2006), a jednak prizkum pro kolektor Smichov (rok
2006). Tento (jednd se o kolektor II. kategorie) propoji pod Vltavou
oblasti Nového Mésta a Smichova a navaze na dnes jiZ hotovy kolek-
tor II. kategorie v oblasti ul. Katefinska.

I drobnd podzemni dila, jako jsou prelozky kanalizaci ¢i kabelovo-
du, musi mit ze zdkona prubézné vedenou geologickou dokumentaci.
V poslednich letech byly takto sledovény napr. prelozky kabelovodu
pro obchodni komplex Palladium na ndmésti Republiky (rok 2005),
razba kanaliza¢ni stoky ,,M*“ v Plzenské ul. na Smichové (rok 2003),
prelozka kanaliza¢niho sbérace ,,C* a zatrubnéni potoka Brusnice
v lokalit¢ Malovanka v Praze 6 (rok 2006), prelozky kabelovoda
a kanalizaci v dynamicky se rozvijejicich lokalitich obchodné-admi-
nistrativnich center na Pankréci v Praze 4 a pred leti§tém Praha-Ruzyn.

Jiz nékolik desetileti Praha systematicky buduje svij dopravni sil-
ni¢ni systém, jehoz zdkladem jsou dva silni¢ni okruhy, propojené
systémem radidl. Vnitini okruh se nazyvd méstsky okruh a vnéjsi na
okraji Prahy se nazyva okruh prazsky.

Na méstském okruhu v Praze zaCala razba na tunelovém komplexu
Blanka. Tato mohutn4 stavba v sobé spojuje nékolik tunelovych tseku,

TuoufHel

The Libouchec tunnel is a rather small, but interesting hillside tunnel on the
D8 motorway section between Usti nad Labem and the German border. It was
constructed from 2004 to 2006. PUDIS a.s. was the leading member of the
group of companies consisting of PUDIS and SG Geotechnika which provided
comprehensive geotechnical monitoring. The results of the geotechnical moni-
toring in the relatively favourable geological conditions of the Kru$né Hory
mountain crystalline complex made the economically more effective design
with the secondary lining of unreinforced concrete possible.

In the case of another tunnel on the D8 motorway, the Prackovice tunnel,
PUDIS participated on the geotechnical survey which was carried out in an
exploratory gallery by performing in-situ and laboratory tests of the rock
mechanics. These tests comprised, among others, the modified loading tests
which were intended to verify the swelling effect and the influence of long-
term (rheological) deformation of ground and its impact on the construction of
the motorway tunnel. The systems of measurement of forces and deformations
were doubled with the aim of guaranteeing reliable results of all loading tests
(see the photo in Fig. 9). The swelling effect was tested both in the condition
of “original air moisture” in the exploratory gallery (or in the conditions of the
relative air moisture in the short side adit of 40 to 54%) and after a moisture
increase (air moisture of 96 to 100%). The moisture content of the rock on the
surface which was sprayed with water increased from the original 25% to 30%
on average. The values of the swelling measured on slightly to heavily weat-
hered tuffs were relatively low and they should neither endanger nor compli-
cate the construction of the motorway tunnel. The main result of the long-term
loading tests were moduli of deformation and parameters of the rheological
behaviour.

The geotechnical monitoring of the utility tunnel Centrum I A (a 3rd cate-
gory utility tunnel) in Vodickova Street, Prague, was designed with the experi-
ence gained from the geotechnical surveys and monitoring activities for the
Prague utility tunnels Centrum I (3rd category utility tunnels). The contract for
the monitoring was awarded to the PUDIS-SG Geotechnika group of compa-
nies; the monitoring was carried out in 2003 — 2007. The photo in Fig. 10
shows the excavation of the Vodickova utility tunnel. The geotechnical moni-
toring and geotechnical supervision over the shallow-seated underground
structure which was constructed in this complicated location yielded lots of
interesting information not only regarding the rock mass behaviour in the tun-
nel overburden, directly under a tram track, but also regarding the influence of
the excavation on the existing buildings, which have already been regarded as
historic and are, therefore, closely watched. The geotechnical supervision over
the Vodickova Street utility tunnel was an opportunity for frequent application
of an interdisciplinary approach regarding the collaboration between enginee-
ring geologists and archaeologists. The subject of the collaboration was, above
all, the task of locating a former, large historic natural depression filled with
organic sediments, partially anthropogenic sediments, in the wetland found
between Skolské Street and V Jamé Street. The depression was the cause of
increased, long-term deformations of the terrain in the area of the intersection
of Vodickova and V Jame Streets.

PUDIS as. performed detailed geotechnical surveys even for other utility
tunnels in Prague, concurrently with the monitoring of the Vodickova Street
utility tunnel: the survey for the Hldvkav Bridge utility tunnel running under
the Vltava River (2006) and for the Smichov utility tunnel (2006). This 2nd
category utility tunnel will interconnect the areas of the New Town and
Smichov and will link the 2nd category utility tunnel in the area of Katefinskd
Street, which has already been completed.

According to the law, even minor underground construction projects, such
as diversions of sewers or cable routes, must continually maintain geological
documents. The following projects belong among those of this kind which
have been monitored in recent years: the diversions of the cable route for the
commercial centre Palladium in Namésti Republiky square (2005), excavation
of the sewer “M” in Plzenska Street, Smichov (2003), diversion of the inter-
ceptor sewer “C” and covering of the Brusnice brook in Malovanka locality,
Prague 6 (2006), relocations of cable routes and sewers in dynamically deve-
loping localities of commercial-administration centres in Pankrdc, Prague 4,
and in front of the Praha-Ruzyné airport.

Prague has been systematically developing its road traffic system for seve-
ral decades. The system is based on two road circles, which are interconnected
by a system of radial roads. The inner circle is called the City Circle Road, and
the outer the Prague City Ring Road.

The near future will see the excavation of a complex of tunnels named
Blanka to commence on the City Circle Road in Prague. This extensive project
consists of several tunnel sections, both mined and cut-and-cover. An explora-
tory gallery was driven in a difficult section of the mined tunnels between Spej-
char and Pelc Tyrolka (the Krdlovskd Obora section) in 2002 — 2006. The gal-
lery passes through an intensely water-bearing flood-plain terrace of the Vltava
River, partially even under the Vltava riverbed itself. The survey activities for
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Obr. 12 Komplexni FeSeni geotechnického pruzkumu a monitoringu ve sdruZe-
ném vyhodnocovacim profilu umisténém ve vyhybné o velikosti kaloty tripru-
hového tunelu blizko portdlu Lochkov na stavbé pruzkumné $toly Lahovskd
Legenda: VP2/]-I.....presiometricky vrt J-1ve véjiri VP 2
EV - 2......ty¢ovy extenzometr

.......... merici bod konvergenéniho meéreni
....geodeticky bod na povrchu terénu

.......... stuperi zvétrdni horninového masivu dle CSN 72 1001
Fig. 12 The comprehensive design of the geotechnical survey and monitoring
in the combined monitoring station located in the passing area having the
dimensions of the three-lane tunnel top heading, near the Lochkov portal,
used for the construction of the exploration gallery “Lahovskd”

Legend: VP2/]-1.....pressuremeter borehole J-1 in the fan VP 2
EV -2......rod-type extensometer
0l.......... convergence measurement point
2 survey point on the terrain surface
Wl.......... rock mass weathering degree according to CSN 72 1001

tvofenych raZenymi i hloubenymi tunely. V obtiZzném tseku razenych
tunelt Spejchar—Pelc-Tyrolka (tunelovy tsek Krédlovskd obora) pod
silné zvodnélou udoln{ terasou Vltavy (a ¢dstené i pod samotnym
vodnim tokem Vltavy), byla vyraZena v letech 2002 — 2006 prazkum-
nd Stola. Pruzkumné préace na tomto dile obsahovaly i terénni zkousky
in situ ve dvou geotechnickych rozrdzkdch a presiometrickd méreni
situovand do 14 radidlnich vrtnych véjifi (obr. 11). Na vyhodnoceni
vysledkt pruzkumnych praci intenzivné spolupracovali B. Bfezina,
R. Chmelar (PUDIS, a. s.) a A. Butovi¢ (Satra, spol. s r. 0.). Namdtkou
Ize fici, Zze kromé geotechnickych zkousek a inZenyrsko-geologické
dokumentace byl provddén geotechnicky monitoring prizkumné $toly
veetné sledovdni Castecnych i celkovych piftoku podzemni vody.
Posouzen{ hornin z hlediska abrazivity a rozpojitelnosti si vyzddalo
spoluprdci s ostravskym Ustavem geoniky AV CR, konkrétnd
s Prof. P. Martincem.

Prizkumnd Stola Blanka pfinesla predev§im informace
o realizovatelnosti dvoupruhovych tunelt jednak pod korytem feky
Vltavy, a jednak pod okrajem svahu z Letné (pod byvalou Slechtovou
restauraci), kde byly obavy z provaleni stropni ¢dsti tunelu do vysoce
zvodnélych terasovych $térkt. Dokumentace pruzkumné Stoly t€Z pou-
kédzala na fakt, Ze geologické poméry severniho tunelu budou pod
korytem Vltavy odligné od geologickych pomért tunelu jizniho a Ze je
nutné pocitat v severnim tunelu se zvySenymi pritoky ve skaleckych
kfemencich, které jsou s nim paralelni.

Kromé pruzkumné §toly byly téZ provddény podrobné geotechnic-
ké priizkumy pomoci vrtnych praci na Casti vyse zminéného raZzeného
tunelu (Spejchar—Pelc-Tyrolka), kterd se nachdzi na Letné (2005).
Obdobné geotechnické prizkumy byly realizovény i pro dal§i &dsti
tunelového komplexu Blanka, a tedy pro hloubené tunely Malovanka
(2005), razeny tunel Myslbekova — Prasny most (2002) a hloubené
tunely mezi Pra§nym mostem a Spejcharem (2004).

Na silni¢énim okruhu kolem Prahy, ktery se v soucasnosti intenziv-
né buduje, realizoval PUDIS, a. s., nejprve podrobné geotechnické
pruzkumy pro raZené i hloubené tunely Slivenec na stavbé SO 514
Slivenec — Lahovice (2002) na jihozdpadnim okraji Prahy a také pro
dvoupatrovy hloubeny tunel ,,Zdmky* na stavbé SO 519 Suchdol —
Brezinéves (2003) na severnim okraji Prahy.

V nédvaznosti na vysledky podrobného geotechnického pruzkumu
byla realizovdna v letech 2004 — 2005 prizkumnd Stola Lahovska
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this project consisted, among others, of in-situ tests in two short side adits and
pressuremeter measurements in 14 arrays of borehole fans (see Fig. 11). The
assessment of the survey results was performed by B. Brezina, R. Chmelar
(PUDIS a. s.) closely cooperating with A. Butovic¢ (Satra spol. s r.0.). It is pos-
sible to say that, apart from conducting geotechnical tests and maintaining
engineering-geological documentation, the work consisted of geotechnical
monitoring of the exploratory gallery, including the observation of partial and
overall inflows of ground water. The assessment of the rock mass in terms of
abrasiveness and breaking characteristics required cooperation from the Ustav
Geoniky AV CR (the Institute of Geonics of the Academy of Sciences of the
Czech Republic) in Ostrava, namely Prof. P. Martinec.

The Blanka exploration gallery yielded, first of all, information on the via-
bility of double-lane tunnels under both the Vltava riverbed and the bottom of
the slope descending from Letnd (under the former Slechta’s restaurant), where
fears existed that the tunnel crown could break into the intensely water-bearing
terrace gravels. The exploratory gallery documentation also pointed out the
fact that the geological conditions of the northern tunnel tube under the Vltava
riverbed will differ from those of the southern tunnel tube, and it is necessary
for the northern tube to allow for increased inflows when passing through the
Skalka Quartzite layers parallel with the tube.

Apart from the work in the exploration gallery, detailed geotechnical sur-
veys were carried out by means of drilling along the Spejchar-PelcTyrolka sec-
tion of above-mentioned route of the mined tunnel, which is found in Letna
(2005). Similar geotechnical surveys were carried out even for other parts of
the complex of tunnels Blanka, namely for the Malovanka cut-and-cover tun-
nels (2005), the mined tunnel in the Myslbekova-Pra$ny Bridge section (2002)
and the cut-and-cover tunnels between Prany Bridge and Spejchar (2004).

As to the Prague City Ring Road (the outer circle), where intense building
activities are currently in progress, PUDIS a.s. performed detailed geotechni-
cal surveys — first for the Slivenec mined tunnels and cut-and-cover tunnels on
the south-western edge o Prague (construction lot 514: Slivenec — Lahovice —
in the year 2002) and then for the “Zamky” double-deck cut-and-cover tunnel
on the northern edge of Prague (construction lot 519: Suchdol-Bfezinéves — in
the year 2003).

When the results of the detailed geotechnical survey had been available, the
“Lahovskd” exploratory gallery was driven throughout the length of the three-
lane tube of the Slivenec tunnel (2004 — 2005). The geotechnical survey and
comprehensive geotechnical monitoring of the downhill excavation through
the Silurian rock, in the direction from the Lochkov portal, were carried out by
PUDIS as. (R. Chmelar and B. Biezina). The exploratory gallery, above all its
cross section, was designed in a way allowing the passage of wheeled equip-
ment. For that reason the cross-sectional area of the exploratory gallery amoun-
ted to 24.5m2. Despite this fact, the cross sections in all passing areas of the
gallery were excavated to copy the cross section of the top heading of the futu-
re three-lane tunnel, which is nearly 65 m2.

The geotechnical survey which was carried out during the course of the
excavation of the downhill-driven part of the exploratory gallery comprised
common activities and measurements (geotechnical observation of the exca-
vation face, rock mechanics laboratory testing, technological laboratory testing
for the determination of rock abrasiveness and breaking characteristics and in-
situ geotechnical testing). The original concept of the in-situ testing assumed
that two short side adits would be driven at the points where the in-situ tests
would be conducted on rock blocks. Because of the changes in the originally
planned dimensions of the excavated cross section in all of the passing areas,
and with regard to the quick progress of the excavation operations, the concept
of the in-situ testing was adjusted to the new reality. The side adits were not
driven and, instead of them, additional pressuremeter tests were carried out.
They were arranged in fans of radial boreholes performed in all of the enlarged
passing areas (top headings) and in the designed locations of the future
Lochkov tunnel portal. In addition, pressuremeter tests were carried out in
boreholes drilled in the first passing area (see Fig. 12). The objective of the
tests was to determine the deformational properties of the rock mass found in
the primary state of stress, unaffected by the excavation of the tunnel itself. The
results of these tests were subsequently compared with the results of the pres-
suremeter tests obtained from the borehole fan installed in the passing area of
the gallery.

The profiles of the passing bays enlarged to the profile of the three-lane tun-
nel top heading allowed the monitoring of the actual response of the rock mass
to the excavation, which was commensurate with the excavation of the future
tunnel itself. A comprehensive description of the geotechnical survey and
monitoring in an enlarged passing area, which pointedly leads to determinati-
on of the information which is the most important for the future tunnel design,
can be presented using the combined monitoring station at chainage km 12.935
as an example (see Fig. 13). The profile was found in the Kopaniny Formation
environment.
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v celé délce razené tripruhové tunelové trouby Slivenec. PUDIS, a. s.,
(R. Chmelaf a B. Bfezina) byl zpracovatelem geotechnického pruzku-
mu i komplexniho geotechnického monitoringu upadni raZzby
v silurskych horninéch, kterd byla provddéna od portdlu Lochkov.
Pruzkumna $tola byla predev§im svym prufezem projekené feSena pro
vyuziti kolové mechanizace. Proto plocha prafezu pruzkumné 3toly
&inila 24,5 m2. Vechny vyhybny byly viak v prubéhu vystavby pru-
zkumné Stoly realizovdny v profilu kaloty budoucich tfipruhovych
tunelt, kterd md prarez skoro 65 m2.

Geotechnicky pruzkum pri razbé tpadni ¢dsti prazkumné Stoly se
sklddal z obvyklych Cinnosti a méfeni (geotechnické sledovéni Cela
vyrubu, laboratorni zkousky mechaniky hornin a laboratorni technolo-
gické zkousky pro zjiSténi abrazivnosti a rozpojitelnosti horniny,
terénni geotechnické zkousky in situ). Pivodni koncepce téchto zkou-
Sek in situ uvazovala s realizaci dvou prizkumnych rozrdzek, kde by
byly zkousky provadény in situ na horninovych blocich. Vzhledem
k tomu, Ze postupné doslo ke zméné velikosti vyrubu vSech vyhyben
a vzhledem k rychlému postupu razicich praci bylo pfistoupeno
k prizptsobeni koncepce terénnich zkousek in situ novym skutecnos-
tem. Pruzkumné rozrazky nebyly realizovdny a nahradily je dal3{ pre-
siometrické zkousky, které byly rozmistény do radidlné orientovanych
vrtnych vEjifi ve vSech roz§ifenych vyhybndch (kalotdch)
a u budoucich tunelovych portalu Lochkov. U prvni vyhybny byly
navic jesté provedeny presiometrické zkousky ve vrtech pro extenzo-
metry (obr. 12) s cilem zjistit pretvdrné vlastnosti horninového masivu
s primdrni napjatosti neovlivnéné razbou. Tyto vysledky byly posléze
srovnavany s vysledky presiometrickych zkousek z véjite realizované-
ho z vyhybny Stoly.

Samotné rozSiteni vyhyben na profil kaloty tfipruhového tunelu
umoznilo monitorovat redlnou odezvu horninového masivu na razbu
srovnatelnou s razbou samotného tunelu. Na prikladu sdruzeného pro-
filu v km 12, 935 (obr. 13), ktery byl situovan do kopaniského sou-
vrstvi, lze predvést komplexni feSeni geotechnického prizkumu
a monitoringu v roz§ifené vyhybne, které cilené vede k vySetfeni nej-
dulezitéjsich informaci pro navrh budoucich tunelu.

Tato prvni vyhybna (jejiz souddsti je i vySe zminény sdruZeny pro-
fil), na rozdil od dvou dalSich vyhyben na tGpadn{ razbé, byla razena
postupné. Nejprve byla v této oblasti vyrazena pruzkumné Stola
a posléze doslo k jejimu roz§ifovani. Geotechnicky monitoring byl zde
koncipovén tak, aby byly ovéfeny deformace od razby prizkumné
Stoly a ndsledné deformace od razby kaloty tunelu.

Vysledky méren{ extenzometru v ose tunelu potvrdily, Ze zéna sni-
Zenych napjeti okolo vyrubu se v tomto pfipadé vytvari jen pomérné
mald, nebot’ byla zachycena jen posledni (nejniz§{) mérenou drovni
extenzometru. Pfi tomto extenzometrickém méfeni se mimo jiné téz
opét potvrdilo, Ze je vhodnéjsi realizovat extenzometry z povrchu teré-
nu. To umoznuje méfit celkové vertikdlni deformace v horninovém
masivu véetné deformaci, které probihaji jesté pred Celem vyrubu.
Kromé deformaci nadloZi a osténi tunelu lze pfi rozsifeni prizkumné
Stoly na kalotu tunelu sledovat vyvoj pfi¢né poklesové kotliny na povr-
chu terénu, coz umoznuje spolehlivéji stanovit hranici poklesové kot-
liny pri razbé samotného tunelu.

Ke konci roku 2006 zapocaly prace na samotnych tunelech
Slivenec. V soucdasnosti 6/2007 jsou razby kalot obou tunelt
v polovin¢ razené trasy. Silurskou C&dst tunelu maji za sebou.
Predpoklady chovani nosného systému ze tif monitorovanych vyhyben
prazkumné $toly (vlastné tfi pokusnych vyrubu v silurskych horni-
ndch) se jiz nyni potvrdily pfi razbé samotnych tuneld jako spravné.

ZAVER

Zazloutlymi rysy geologickych fezli pokusnych vyrubu pro prazské
metro z konce 60. let 20. stoleti jsme tento ¢lanek zacali. Ovéfenim
spravnosti koncepce pokusnych vyrubt na prazkumné Stole Lahovska
(stavba 514 Slivenec — Lahovice) pri soudasné razbé tunela Slivenec
(2007) ¢Clanek zavrSujeme. Mezi témito udélostmi je asi 40 let. Kolik
se za tuto dobu zménilo? Relativné hodné. MéFici aparatury, vyhodno-
covéani méfeni pomoci vykonnych osobnich pocitatt vybavenych kva-
litnimi tiskdrnami a komer¢nimi geotechnickymi programy — to vSech-
no ma za sebou velmi progresivni vyvoj. Ale popravdé feceno jak na
za&dtku, tak i dnes jsou zdkladni koncepce geotechnického prazkumu
a monitoringu stejné. Proto je duleZité se Cas od asu na chvilku po-
ohlédnout nazpét. .

ING. JIRI HUDEK, CSc., jiri.hudek@pudis.cz,
RNDr. RADOVAN CHMELAR, Ph.D., radovan.chmelar@pudis.cz,
PUDIS a.s.

Obr. 13 Pohled do monitorované vyhybny pruzkumné S$toly Lahovskd
o0 velikosti kaloty tripruhového tunelu

Fig. 13 A view in the monitored passing area of the exploration gallery
“Lahovskad” with the three-lane tunnel top heading size

This first passing area (the above-mentioned combined monitoring stati-
on being its part), as opposed to the other two passing areas found within
the downhill-driven section of the excavation, was excavated in phases.
The exploration gallery was driven first and its cross section was subsequ-
ently enlarged. According to the concept of the geotechnical monitoring,
the deformations induced by the exploration gallery excavation were mea-
sured first and the measurement of the deformations caused by the excava-
tion of the tunnel top heading (the enlargement) followed.

The results of the extensometer measurement on the tunnel centre line
confirmed that the zone of reduced stress which develops around the exca-
vation circumference is, in this particular case, relatively small considering
the fact that it was identified only by the last (lowest) measured level of the
extensometers. This extensometer measurement again confirmed that the
installation of extensometers from the terrain surface is better. This appro-
ach allows the measurements of the overall vertical deformation in the rock
mass, including the deformations which take place ahead of the excavation
face. Apart from the monitoring of the deformations in the overburden and
of the lining, it is possible to monitor the development of the transverse
settlement trough on the terrain surface. This monitoring makes a more reli-
able determination of the boundary of the settlement trough which will
develop during the course of the driving of the tunnel itself.

The work on the Slivenec tunnel tubes themselves started at the end of
2006. Currently, in June 2007, the top heading faces of both tunnels are
found in the middle of the mined section. The Silurian portion of the route
has been left behind. The assumptions about the behaviour of the excavati-
on support derived from the 3 passing areas of the exploratory gallery
which had been monitored (strictly speaking, 3 excavation trials in the
Silurian rock) have already been proven right during the excavation of the
tunnels.

CONCLUSION

We used the yellowed drawings of geological profiles for the Prague
Metro from the end of the 1960s for the opening of this paper. We rounded
it off by the confirmation of the correctness of the concept of trial excava-
tion of the exploration gallery “Lahovskd” (construction lot 514 between
Slivenec and Lahovice) during the course of the current excavation of the
Slivenec tunnel tubes (2007). There are roughly 40 years between these
events. How many things have changed during this time? Relatively very
many. The measurement equipment sets, assessment of the measured data
by means of powerful PCs equipped with high-quality printers and com-
mercial geotechnical software — all of this has underwent progressive deve-
lopment. However, to tell the truth, the basic concepts of geotechnical sur-
veys and monitoring have remained unchanged till the present day. It is,
therefore, important from time to time to look back for a moment.

ING. JIRI H UDEK, CSc., jiri.hudek@pudis.cz,
RNDr. RADOVAN CHMELAR , Ph.D., radovan.chmelar@pudis.cz,
PUDIS a.s.
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MESTSKY OKRUH, USEK MYSLBEKOVA - PRASNY MOST (MYPRA)
METODIKA NAVRHU PRIMARNIHO
A SEKUNDARNIHO OSTENI TUNELU
MYSLBEKOVA STREET - PRASNY BRIDGE (MYPRA) SECTION
OF THE CITY CIRCLE ROAD
PRIMARY AND SECONDARY TUNNEL LINING DESIGN METHODOLOGY

VACLAV KRCH, RADKO RIEGER

uvob

Severné od aredlu Prazského hradu vyboluje stopa Méstského
okruhu (MO) z prostoru ulic Patockova a Milady Hordkové (kde je
okruh umistén v hloubenych tunelech) do tizemi mezi ulicemi Jeleni
a tfidou Milady Hordkové. Zde je navrZen raZeny tunel. Divodem
pro zvolenou trasu a technologii v tomto Useku je pozadavek na
zajistén{ nepferuseného provozu na tfidé Milady Hordkové, zejména
pro zajisténi dopravni obsluhy Petfin a ochrana citlivé a pamdtkove
chranéné oblasti Hrad¢an. Uzemi, kterym raZeny tunel prochazi, je
relativné fidce zastavéno nadzemni zdstavbou. AvSak primo nad
tunelem se nachdzi ¢4st barokniho opevnéni Hrad¢an, bastiony ¢. X1
— &. XIX, v tésné blizkosti potom budova byvalého méstského sirot-
¢ince, nyni objekt ve spravé ministerstva kultury a historické budo-
vy v ulici Jeleni.

PREDPOKLADY A METODIKA RESENI

Zakladni geometrické charakteristiky razeného tunelu:

Délka severni tunelové trouby (STT) 536,50 m.

Délka jizni tunelové trouby (JTT) 551,80 m.

Plocha vyrubu cca 180 mZ.

Maximadlni podélny sklon 3,60 %.

Jako optimdln{ tunelovaci metoda pro razbu tunelu v danych pro-
ménlivych geologickych podminkach byla zvolena razba dle zdsad
Nové rakouské tunelovaci metody (NRTM) vyuZzivajici v maximdln{
mozné mife spolupusobeni horninového prostredi s vyuzitim jeho
samonosnosti.

INTRODUCTION

North of the grounds of Prague Castle, the route of the City Circle
Road (CCR) leaves the space of Patockova and Milady Hordkové
Streets (where the circle road runs through cut-and-cover tunnels) and
enters the space between Jeleni and Milady Hordkové Streets.
A mined tunnel is designed for this section. The reason for the selec-
tion of this route and construction system is the requirement for the
traffic on Milady Hordkové Street to be maintained uninterrupted,
above all for the purposes of the residential traffic in Petfiny and pro-
tection of the sensitive, heritage designated area of Hrad¢any. The
area which the mined tunnel passes through is relatively sparsely
developed. However, a part of the Baroque fortification of Hrad¢any
(bastions No. XI — ¢. XIX) is found directly above the tunnel; the buil-
ding of a former municipal orphanage (currently used by the Ministry
of Culture) is in the close vicinity of the tunnel route, as well as his-
toric buildings in Jeleni Street.

DESIGN ASSUMPTIONS AND METHODOLOGY

Basic geometrical features of the mined tunnel:

The length of the northern tunnel tube (NTT) is 536.50m.

The length of the southern tunnel tube (STT) is 551.80m.

Excavated cross-sectional area is about 180 m?2.

Maximum longitudinal gradient is 3.60 %.

The New Austrian Tunnelling Method (NATM), which uses the
advantage of the composite action of the ground mass and its self-sup-
porting capacity, was selected as the optimum method of the tunnel
excavation through the given variable geological environment.
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Tuel

Obr.2 Rez1-1
Fig. 2 Cross section 1 — 1 27.0m 33381 m

Four NATM excavation sup-
port classes are proposed for the
tunnelling, i.e. classes III, IV,

3 $33383%8333s

Va,Vb, which differ from each
other in the advance round
length, the number and length of
anchors, thickness of the tempo-
rary lining and the reinforcement.
The assessment of the designed
horizontal alignment and vertical
alignment, which was carried out
in relation to the results of
a detailed geological survey, led
to the determination of three
locations of typical cross sections
(the cross-sections 1 - 1,2 -2 and
3 - 3). The structural analysis of
these cross sections was carried
out for the NTT and STT using
a 2D mathematical model. The
portal sections (the cross-sections

s & & E 8 B & z
% 8 ¢4 883 5 ¢
(m)

1 -1 and 3 - 3) were selected for
the calculations, where the height
of the overburden is reduced and
geological conditions are worse-
ned. The third cross-section,

Pro razbu a do¢asné vystrojeni vyrubu jsou navrzeny tyfi techno-
logické tfidy razeb NRTM - III, IV, Va,Vb, které se navzdjem lis{
délkou zdbéru, poétem a délkou kotev, tlousStkou docasného osténi
a vyztuZenim. Po zhodnoceni navrhovaného pudorysného
a vyskového vedeni tunelovych tras s vazbou na podrobny geologic-
ky pruzkum byly stanoveny 3 polohy pfi¢nych feza (fezy 1-1, 2-2
a 3-3), ve kterych byl proveden vypocet matematickym (rovinnym)
2D modelem pro STT i JTT. Zvoleny byly priportdlové tseky, kde
dochézi ke sniZeni nadloZ{ a zhorSeni geologickych podminek (fezy
I-1 a 3-3), a charakteristicky fez pro zbyvajici trasu priblizné
v poloviné razeného useku (fez 2 — 2). Vzhledem k vedeni trasy
v blizkosti obytné zdstavby a velikosti profilu byl matematickym
modelem posouzen i vzduchotechnicky kandl.

Vysledkem matematického modelu je:

1. Stanoveni deformacné-napétového stavu masivu po realizaci

raZeb tuneld.

2. Prognéza moZného plastického pretvareni masivu a zmén jeho

napjatosti.

3. Predpokladany vyvoj deformaci masivu a osténi v jednotlivych

fazich razby.

4. Progndza celkovych deforma&nich vlivi na povrch dzemi.

Statické reSen{ doCasného osténi je provedeno pomoci numerické-
ho modelu ¢lenéného vyrubu metodou kone¢nych prvka v programu
GEO4 MKP tunel. Jde o dvourozmérny model a pouZité prvky jsou
izoparametrické. Horninovy masiv je feSen ve stavu rovinné defor-
mace a je definovdn jako pruznéplasticky materidl podle Mohr-
Coulomba. Definitivni osténi je pak posouzeno s vyuZitim vystupu
z feSeni matematického modelu dimenzaénimi programy pro beton.

MECHANICKE VLASTNOSTI MASIVU A JEJICH ZAVEDENI
DO MODELU

Z geotechnického pruzkumu vyplyvd, Ze geologické poméry na
trase jsou pomérné slozité a znaén€ proménlivé. Z hornin skalniho
podlozi se v zdjmovém uzemi vyskytuje souvrstvi letenské
v monoténnim vyvoji. Strukturné je lze charakterizovat jako pis¢ité
drobové bridlice. Podle stupné tektonického naruSeni zde prevlada
stfedné az znaéné rozpukand hornina. Monoténni vyvoj letenského
souvrstvi je proti zvétravani méné odolny, mocnost zvétralinového
horizontu dosahuje 3 — 5 m. Vysledky podrobného geologického pru-
zkumu stavby byly smérodatné pro stanoveni geotechnickych para-
metrd masivu a pokryvnych dtvard, které byly pouZity ve vypoctu.
V matematickém modelu je masiv definovan jako pruzné plastické
prostiedi. Ve vypoctu je zaveden model Mohr-Coulomb s podminkou
vzniku nevratnych pretvoreni, tedy vzniku plastickych oblasti, ktery
popisuje stav napéti pfi poruseni nalézajicim se ve stavu rovinné
deformace.

which is characteristic of the
remaining route, was selected approximately in the middle of the
mined section (the cross-section 2 - 2). With respect to the near-
ness of its route to existing buildings and the dimensions of the
cross section, the ventilation duct was also assessed using
a mathematical model.

The following results were provided by the mathematical
modelling:

1. The determination of the deformational stress and strain

state of the rock mass during the tunnel excavation.

2. The prognosis of the possible plastic deformation of the rock

mass and changes in the state of stress in the rock mass.

3. The anticipated development of deformations of the rock

mass and the lining in the individual excavation phases.

4. The prognosis of the overall deformational effects on the

ground surface.

The structural analysis of the temporary lining is carried out
using a numerical model of the sequential excavation, by the
Finite Element Method using the GEO4 MKP tunnel program. It
is a two-dimensional model and the elements used are isoparame-
tric. The rock mass is dealt with in the state of plane deformation
and is defined as Mohr-Coulomb elasto-plastic material. The final
lining is then assessed using the outputs obtained from the mathe-
matical model solved using calculation programs developed for
concrete.

MECHANICAL PROPERTIES OF THE ROCK MASS;
INCORPORATION OF THE PROPERTIES INTO THE
MODEL

It follows from the geotechnical survey that the geological con-
ditions along the route are complex and very variable. The bed-
rock in the area of operations is formed by the so-called “mono-
tonous-evolution” type of the Letnd Member. In terms of the
structure, it can be characterised as sandy greywacke shale. In
terms of the degree of tectonic faulting, medium to significantly
fractured rock prevails. The Letnd Member rock which originated
through the monotonous evolution is less weathering resistant; the
thickness of the mantle of waste reaches 3 — 5m. The results of the
detailed geological survey which was carried out for the project
were decisive for the determination of the geotechnical parame-
ters of the rock mass and the superficial deposits which were used
for the calculation. In the mathematical model, the rock mass is
defined as an elastic-plastic environment. The Mohr-Coulomb
model applied to the calculation, with an assumption that irrever-
sible deformations will develop, which means that plastic areas
will develop. The model describes the state of stress at fracture

which is found in the state of planar deformation.
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Obr.3 Rez2 -2
Fig. 3 Cross section 2 -2 35.0m

MECHANICAL PROPERTIES
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'| INTRODUCTION OF THE
PROPERTIES INTO THE
MODEL
The primary lining is, in gene-
ral, designed to be from SB 25-
grade sprayed concrete reinforced
with mesh and lattice girders. The
thickness of the lining of the side-
wall drifts, top heading and invert
was designed specifically for each
support class. When introducing
mechanical properties of the SB
25 concrete into the model, we
start from the assumption that the
full loading develops approxima-
tely at a distance of 3m behind the
excavation face. The process of

EEEEEEEER
{m)

25,00
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and strength of the sprayed conc-
rete were determined using experi-

o

Fig. 4 Cross section 3 -3
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mental measurements and recom-
mendations “Shotcrete application
rules” (the ITA/AITES Czech
Tunnelling Committee) by means
of the modulus of elasticity corres-
ponding to that of three-day old
concrete, i.e. “green concrete” and
18-day old concrete, i.e. “old
concrete”.

ANCHORS AND JET GROUTING;
THEIR INTRODUCTION INTO
THE MODEL

The modelling of the action of
radial anchors in the excavation
support system is based on the
assumption that one of the main
functions of the anchors is to
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improve the shear parameters of
the rock mass in the area where
they are installed. In our case, the
additional values of the cohesion

MECHANICKE VLASTNOSTI DOCASNEHO OSTENI
A JEJICH ZAVEDENI DO MODELU

Primdrn{ osténi je generelné navrZzeno ze stfikaného betonu SB 25
vyztuzeného sitémi a prihradovymi ramy. Navrhované tloustky osté-
ni opérovych tunelt, kaloty a spodni klenby byly stanoveny pro kaz-
dou technologickou tfidu. Pfi zavadéni mechanickych vlastnosti
navrzeného betonu SB25 vychdzime z predpokladu, Ze plné zatiZeni
se vyvine priblizné 3 dny za Celbou profilu. Ve vypoctech je zrdn{
betonu zavedeno do modelu pouZitim rozdilného modulu pruZnosti.
Nérasty modulu pruznosti E¢ a pevnosti stitkaného betonu byly urce-
ny s vyuZitim experimentdlnich métreni a doporuceni Zdsady pro
pouzivani stiikaného betonu (Cesky tuneldisky komitét ITA/AITES)
modulem pruznosti odpovidajicimu tfidennimu betonu — “mlady
beton a betonu stafi 18 dnu — ,,stary beton*.

KOTVY A TRYSKOVA INJEKTAZ A JEJICH ZAVEDENI
DO MODELU

Modelovani pusobeni radidlnich kotev v opérném systému tunelu
vychézi z predpokladu, Ze jednou z hlavnich funkei kotev je zlepse-
ni smykovych parametrd masivu v oblasti jejich ptsobeni. V nasem
pfipadé v fezech 2-2 a 1-1 byly pfidavné hodnoty soudrznosti ¢
a thlu vnitfniho tfeni f nizké, proto nebyly do vypoltu zavedeny,
a tim se vypocet pohybuje na strané bezpecnosti.

¢ and angle of internal friction ¢
in the cross sections 2 - 2 and 1 - 1 were so low that they were not
introduced into the calculation. Thus the calculation result is on
the safe side.

Regarding the cross section 3 - 3, where the jet grouting is used
to create 600mm-diameter columns around the cross-section peri-
meter, the grouting modelled as an area in which the cohesion
value c is increased to 100 kPa.

EXCAVATION SEQUENCE; INTRODUCTION
OF THE SEQUENCE INTO THE MODEL

The NATM with the vertical excavation sequence (with side-
wall drifts) is designed for the NTT and STT excavation. The
NATM will also be used for the excavation of the ventilation duct,
but a vertical sequence will be applied (top heading and bench).
The structural analysis models the excavation of 1linear metre of
the tunnel in several calculation steps — phases according to the
progress of the works. The principle based on the ground respon-
se to the stress relief resulting from the excavation was used when
the model for the cross sections 1 - 1 and 2 - 2 was being develo-
ped. It allowed us to express the influence of the location of the
excavation face on the development of deformations in the over-
burden in percents. The immediate installation of the lining was
modelled in the case of the cross section 3 - 3.
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TECHNOLOGICKA TRIDA — EXCAVATION SUPPORT CLASS - 5a

Podélny ez — Longitudinal section Pri¢ny rez

Cross section

NP
1 - Levy opérovy tunel
— Left side drift
2 - Pravy opérovy

tunel

Right side drift
3 - Kalota

Top heading
4 - Jadro — Bench
5 - Spodni klenba

Invert

Obr. 5 Schéma razZby v technologickych tfidich 5a — 5b
Fig. 5 Diagram of the excavation categorised as support classes 5a — 5b

V fezu 3-3, kde je pouzita tryskovd injektdZ navrzena po obvo-
dé profilu ze sloupt o priméru 600 mm. ,,Pfekotvend* oblast se
modelovdla se zvySenim hodnoty soudrZnosti ¢ na hodnotu
100 kPa.

POSTUP VYSTAVBY A JEHO ZAVEDENI DO MODELU

Razba STT a JTT je navrZena dle technologie NRTM
s vertikdlnim ¢lenénim pomoci opérovych §tol. Razba vzduchotech-
nického kandlu je také navrZena dle NRTM, avSak s horizontdlnim
¢lenénim na kalotu a jddro. Staticky vypocet modeluje razbu na
1 bm tunelu v nékolika vypocetnich krocich — fazich dle provadén{
dila. Pfi modelovani v rezech 1-1, 2-2 bylo pouZzito tzv. exkavace,
coZ je moznost procentudlné vyjadrit vliv polohy &elby na prabéh
deformace nadloZi. V fezu 3-3 byla modelovdna okamzitd instalace
osténi.

JEDNOTLIVE FAZE VYPOCTU

Jednotlivé faze vypoctu byly realizovdny v ndsledujicich krocich:
1. Zavedeni hodnot geotechnickych parametru jednotlivych vrs-
tev a nosnikovych prvka, které respektuji razbu s vertikalnim ¢lené-
nim. Geotechnické hodnoty pritazené jednotlivym vrstvdm modelu
respektuji zdvéry geologického prizkumu.
2. Vygenerovani sit€¢ kone&nych prvku se zahusténim sité v okoli
profilu v kruhové oblasti kolem vyrubu.
Zavedeni primdrn{ napjatosti masivu.
4. Vyrub levé opéry STT (fdze la, 1b — obr. 5).
5. Aktivace docasného osténi.
6. Vyrub pravé opéry STT (fdze 2a, 2b — obr. 5).
7. Aktivace docasného osteni.
8
9
1

w

. Vyrub kaloty STT (faze 3 —obr. 5).

. Aktivace docasného osténi v kalote.

0. Vyrub opéfi a spodni klenby s rusenim vyztuz. Zeber (fize 4,
5 — obr. 5).

11. Aktivace docasného osténi ve dné profilu.

V obdobnych krocich pak je zavedena do vypoctu razba JTT.

ROZSAH ZONY OVLIVNENI, PROGNOZA VYVOJE VELIKOSTI
POKLESU A DOPAD NA POVRCHOVOU ZASTAVBU
A INZENYRSKE SITE V NADLOZI

Pomoci vypolta MKP byla provedena prognéza poklesu terénu
a $itky poklesové kotliny. Vypocet byl proveden pro obé tunelové
trouby ve tfech vySe uvedenych pri¢nych fezech. Vypocet na pri-
portalovém tdseku v fezu 1 — 1 stanovil maximdlni pokles povrchu
tzemi v ose tunelu pfi razbé severntho tunelu STT hodnotou cca
20 mm pfi §ifce poklesové kotliny cca 43 m. Vyslednd ¢dra poklesu
po razbé obou tuneld stanovuje celkovy pokles v hodnoté cca 40
mm, obr. 2.

Vypolet v fezu 2 — 2 v letenskych vrstvach uvddi maximalni
pokles povrchu tzemf pfi razbé severniho tunelu v jeho ose hodno-
tou cca 30 mm pri §itce poklesové kotliny cca 70 m. Vysledna ¢dra
poklest po razbé obou tuneld uvadi celkovy pokles hodnotou cca 30
mm, obr. 3.

TuoufHel

TECHNOLOGICKA TRIDA — EXCAVATION SUPPORT CLASS - 5b

Podélny fez — Longitudinal section

Pl
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Cross section
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Invert
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INDIVIDUAL CALCULATION PHASES

The individual phases of the calculation were carried out in the
following steps:

1. The introduction of the values of geotechnical parameters of

the individual layers and girder elements respecting the ver-

tical excavation sequence. The geotechnical values assigned

to individual layers of the model respect the conclusions of

the geological survey.

. Generation of a finite element mesh with the densification of
the mesh in the vicinity of the profile, in an annulus around
the excavation.

. Introduction of the state of primary stress in the rock mass.

. Excavation of the left sidewall drift - the NTT (phases la

and 1b — see Fig. 5).

Activation of the temporary lining.

Excavation of the right sidewall drift - the NTT (phases 2a

and 2b — see Fig. 5).

Activation of the temporary lining.

Excavation of the top heading — the NTT (phase 3 — see Fig. 5).

. Activation of the top heading temporary lining.

0 Excavation of the core and invert concurrently with the

removing of lattice girders (phases 4 and 5 — see Fig. 5).
11. Activation of the lining at the bottom of the profile.
The STT excavation is subsequently introduced into the calcu-
lation using similar steps.

H\OOO\]

ZONE OF INFLUENCE, PROGNOSIS OF DEVELOPMENT
OF THE MAGNITUDE OF SETTLEMENT AND THE IMPACT
ON EXISTING SURFACE BUILDINGS AND UTILITY
NETWORKS IN THE OVERBURDEN

The prognosis of the terrain settlement and the width of the sett-
lement trough was carried out by means of an FEM analysis. The
analysis was performed for both tunnel tubes, at the three above-
mentioned cross sections. The calculation for the portal section
determined the maximum settlement of the surface at the cross
section 1 - 1 which is to be encountered during the excavation of
the NTT on the centre line of the tunnel to amount to approxima-
tely 20mm, at the width of the settlement trough of about 43m.
The aggregate settlement curve determines that the settlement
after the excavation of both tunnel tubes will be about 40mm (see
Fig. 2).

The results of the calculation for the cross section 2 - 2, which
is found in the Letnd Member environment, suggest that the maxi-
mum settlement of the surface which is to be encountered during
the excavation on the centre line of the northern tunnel tube will
be about 30mm, at the width of the settlement trough of about
70m. The aggregate settlement curve shows the settlement after
the excavation of both tunnel tubes at about 30mm (see Fig. 3).

The calculation for the portal section, the cross-section 3 - 3,
determined the maximum settlement of the surface on the centre
line of the NTT due to the excavation at about 55mm, at the width
of the settlement trough of approximately 63m. The aggregate
settlement curve shows the settlement after the excavation of both

tunnel tubes at about 60mm (see Fig. 4).
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Vypocet na priportdlovém tseku v fezu 3 — 3 stanovil maximalni The settlement values and the extent of the settlement trough
pokles povrchu tdzemi v ose tunelu pfi razbé severniho tunelu STT depend on many factors, first of al on the excavation advance rate,
hodnotou cca 55 mm pfi §ifce poklesové kotliny cca 63 m. Vyslednd excavation procedure and execution of the temporary tunnel
C4ra poklest po razbé obou tuneli stanovuje celkovy pokles lining. With respect to this dependence, the theoretical calculati-
v hodnoté cca 60 mm, obr. 4. ons must be considered to be only a prognosis.

Hodnoty poklesi a rozsah poklesové kotliny jsou zdvislé na The eastern portal is located in the close vicinity of a rampart,
mnoha faktorech, obzvl4sté viak na rychlosti a zpiisobu razeb a na where an aggregate settlement of 60mm is theoretically predicted by

the prognosis. The consequences of the excavation will be probably
alleviated by means of the jet grouted excavation support which will
be installed ahead of the excavation face. This support, however,
cannot be unambiguously introduced into the model. The develop-
ment of the settlement and the width of the settlement trough will be
followed in the framework of the geotechnical monitoring. When the
initial experience of the excavation is obtained and, above all, the
geological situation at the portal sections is refined and verified (wit-
hin the framework of the excavation of the trenches in front of the
portals), the results of theoretical calculations will be confronted
with the reality and, if necessary, verified by means of another mat-

provadéni provizorniho osténi tunelu. Vzhledem k této zavislosti je
nutno brat teoretické vypocty jako prognézu.

Vychodni portdl je umistén v tésné blizkosti hradebni zdi, kde
v fezu 3-3 je teoreticky prognézovdn celkovy pokles 60 mm.
Zajisténim razby v predstihu tryskovou injektdZzi, kterou nelze jed-
noznacné ve vypoctu modelovat, budou dusledky razby na povrch
pravdépodobné sniZeny. Vyvoj poklest i rozsah poklesové kotliny
bude sledovdn v rdmci geotechnického monitoringu. Po prvnich
zkuSenostech s razbou a zejména po upresnéni a potvrzeni geolo-
gické situace na portdlovych dsecich (v rdmci hloubenf{ portdlovych

jam) budou vysledky teoretickych propocti konfrontovany se sku- hematical model, so-called back analysis. It is possible to state on
teCnosti a pripadné ovéfeny dalsim matematickym modelem, tzv. the basis of the completed calculations that the maximum settlement
zpétnou analyzou. Na zdklad€ provedenych vypocti 1ze konstatovat, values should not exceed 60mm and the settlement trough will affect
Ze maximdlni poklesy by nemély preséhnout 60 mm a Sifka pokle- the ground surface up to a maximum distance of 40m from the tun-
sové kotliny zasdhne povrch tzem{ v §ifi max. 40 m od osy tunelu. nel centre line.
DOPAD NA POVRCHOVOU ZASTAVBU THE IMPACT ON SURFACE BUILDINGS AND UTILITY
A INZENYRSKE SITE V NADLOZI NETWORKS IN THE OVERBURDEN

Tunely v dseku mezi ulici Myslbekovou a Pra§nym mostem jsou The tunnels in the section between Myslbekova Street and the
vedeny v prostoru s minimalni zdstavbou a pfimo v nadloZ{ se nevy- PraSny Bridge run under a sparsely developed area and no residenti-
skytuje 74dny obytny & administrativni objet. Tunely vsak vedou al/administration building is found directly above the tunnel.
pod pamdtkové chranénou historickou konstrukci opevnéni — However, the tunnels lead under a listed monument, a rampart,

which is a brick lined stone masonry structure. This structure must
be paid maximum attention during the tunnel excavation and the
impact of the excavation on it must be minimised. The excavation
under the historic rampart is designed to be protected by jet grouting
carried out ahead of the excavation face, which will significantly
reduce the impact of the excavation on the surface. The
“Orphanage” building, which is today used by the Ministry of
Culture, and historic buildings lining the northern side of Jeleni
Street are found in the vicinity of the tunnel route, at the edge of the
settlement trough. The design protects those buildings by means of
“curtains”, which will be installed prior to the excavation. The cur-
tains will significantly reduce the impact of the excavation on the

kamenné hradby s cihelnou obezdivkou. Této konstrukci je nutno
béhem razeb vénovat maximdlni pozornost a dopady razeb na ni
minimalizovat. RaZba pod historickym opevnénim je navrZzena pod
ochranou v predstihu provddéné zajiStujici tryskové injektdze, kterd
vyrazné omezi dopady raZby na povrch. V blizkosti trasy tuneld, na
pokraji poklesové kotliny se nachdzi objekt ,,Sirotince”, nyni
v uzivédni ministerstva kultury a fadové zédstavba historickych budov
podél severni strany ulice Jeleni.

Na ochrénéni této zdstavby jsou navrZeny v predstihu provedené
»clony®“. Clony vyrazné omezi dopad provadénych razeb na objek-
ty, coZ bylo ovéfeno provedenymi vypolty. Konstrukéné se jednd

o podzemnf pilotové stény, které jsou vetknuty do skalntho podkla- structures; this fact has been verified by calculations. The curtains
du. Vyvoj poklesové zény vSak zasdhne kfiZujici a soubéZné inZe- will have the form of piled retaining walls, which will be keyed into
nyrské sité. Hlavnim predmétem zdjmu ochrany budou sité, u nichZ the bedrock. However, the developing settlement trough will affect
je bezpodmine¢né nutné béhem provadéni tuneli zachovat funkc- the utility networks crossing or running parallel to the tunnel. The
nost. Jednd se predev§im o kanalizaéni sit'a vysokotlaké plynovod- main focus of the protection will be on the networks which will have
nf vedeni. Z vysledki modelu vyplyvd, Ze tyto sit€ budou s urcitosti to be unconditionally operable throughout the tunnel excavation,
zatizeny poklesy. K jejich omezen{ bude nutno provddét dodate¢nd such as sewerage and high-pressure gas lines. It follows with abso-
stavebni nebo technologickd opatfeni. lute certainty from the results of the model that the settlement will
exert a load on the networks. Additional structural and technological
ZAVER measures will have to be implemented to reduce the settlement.

Provedenym matematickym modelem a jeho vysledky byla ove- CONCLUSION
fena proveditelnost raZenych tunelu navrZzenou technologii NRTM,
vystupy ddle slouZily pro ndvrh definitivniho Zelezobetonového
osténi. Podstatnym vystupem provedeného vypoctu je zejména vliv
tuhych pilotovych stén umisténych v blizkosti objekti povrchové
zéstavby, které vyrazné pozitivné ovlivni prabéh poklesové kotliny.
Cilem tohoto feSeni je vyhnout se provizornim zajiStujicim kon-
strukcim v dotéenych objektech, kde by doslo bud k neZ4doucimu
omezeni provozu, nebo k nezddoucimu zdsahu do konstrukef histo-
rickych objekti. Konstrukce barokniho opevnéni bude nejvice
ovlivnéna u vychodniho portdlu (oblast Prasného mostu), pro sniZe-
ni vlivu deformaci je zde technologie razeb doplnéna o vodorovné

The viability of the mined tunnel construction by the NATM tech-
nique was verified by the mathematical model and its results. The out-
puts were further used for the final reinforced concrete design. The
substantial output of the completed calculation is, above all, the effect
of rigid pile walls located in the vicinity of existing surface buildings,
which will significantly positively affect the development of the sett-
lement trough. The objective of this solution is to avoid temporary
support structures to be installed in the affected buildings, which
would cause either undesired restriction of the operation or unwanted
structural impacts on historic buildings. The structure of the Baroque
rampart will be most of all affected at the eastern portal (the Prasny

tryskové injektdZe, provddéné z elby raZenych tunelii. Bridge area); horizontal jet grouting ahead of the mined tunnel exca-
. vation face is added to the means of excavation in this area.

ING. VACLAV KRCH, vaclav.krch@pudis.cz, PUDIS a. s., ING. VACLAV KRCH, vaclav.krch@pudis.cz, PUDIS a. s.,

ING. RADKO RIEGER, r.rieger@ko-ka.cz, KO-KA, spol. s r. o. ING. RADKO RIEGER, r.rieger@ko-ka.cz, KO-KA, spol. s r. o.

Poznamka: Animaci modelovani uvedeného problému metodou Notice: For the animation of the above problem by means of the

kone&nych prvki (MKP) lze najit na webovych strdnkéch: Finite Element Method (FEM) kindly visit the web pages:

www.ko-ka.cz a www.pudis.cz www.ko-ka.cz and www.pudis.cz
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PRISPEVEK K PROBLEMATICE TUNELARSKE TERMINOLOGIE
A CONTRIBUTON TO THE ISSUE OF TUNNEL CONSTRUCTION TERMINOLOGY

JIR[ BARTAK

A member of the Czech Tunnelling Committee Board, a full profes-
sor at the Czech Technical University in Prague focused his paper on
the correct use of Czech tunnel construction terminology. He states
that terminology used in any industrial branch develops with time;
related branches are sources of alternatives and terminological variati-
ons. The same rule applies to the area of underground construction.
Nevertheless, at least the basic modern underground engineering ter-
minology should be used uniformly. It should be based on both the
terms established in the history and the borrowed (or modified) terms
established in countries with advanced underground construction, in
either case with efforts made for reaching as high appositeness of indi-
vidual terms as possible, but keeping them intelligible. Obviously, the
frequency of the use of some terms which originated in the context
with traditional tunnelling methods has decreased; younger generati-
ons of professionals have not accepted them or they no more know
them, or use them incorrectly.

uvoD

Terminologie kazdého oboru se v Case vyviji, obory pribuzné jsou
zdrojem alternativ a ndzvoslovnych variaci; stejné je tomu i v oblasti
podzemnich staveb. Nicméné zejména zdkladni terminologie moderni-
ho podzemniho stavitelstvi by méla byt uzivdna jednotné, a to jak na
zdklad¢ historicky vzniklého ndzvoslovi, tak na zdklad¢ prevzaté (pii-
padné upravené) terminologie zavedené v tuneldfsky vyspélych
zemich — v obou pfipadech se snahou o co nejvetsi vystiZnost
a souCasné srozumitelnost jednotlivych pojmu. Jisté je, Ze nékteré ter-
miny vzniklé v souvislosti s klasickymi tunelovacimi metodami pre-
staly byt frekventované pouzivané a mladsi generace odborniki je bud
neprijaly za své, nebo je jiz neznaji, pfipadné je pouZivaji nespravne.

Je svym zpusobem prekvapivé, Ze toto obecné konstatovéni lze
dokumentovat na nejfrekventovanéjsi a v soucasnosti vyhradni meto-
dé vystavby tunelt v nagich krajich — Nové rakouské tunelovaci meto-
dé. Casto opakované nesrovnalosti v nazvech &asti ¢lenéného vyrubu
pii NRTM byly tématem nédzvoslovné rubriky Casopisu TUNEL
&. 3/2005, velmi bézna zdména termind ,,vyztuz*“ a ,,vystroj* byla
namétem téze rubriky v TUNELU ¢&. 4/2005. Je nepfijemnou skute¢-
nosti, Ze se nepresné ndzvoslovi v obou zminénych oblastech objevilo
i ve svazku €. 2 edice ,,Dokumenty CTuK ITA/AITES®, byt'byl sesta-
vovan cleny pracovni skupiny pro konvencni tunelovéni, o jejichz
odborné erudici nejsou zadné pochybnosti, a nezistalo odbornou
verejnosti nepov§imnuto. Nepfesnosti se pochopitelné vyskytuji nada-
le i jinde, na tom nemohlo pér nau¢nych radka nic podstatného zmé-
nit, ale opakovani je, jak zndmo, matka moudrosti — tento ¢ldnek se
proto snaZi v tomto sméru pusobit pfipomenutim poznatkd mnohym
znamych a vZitych, nékterymi v§ak opomijenych.

Obr. 1 Zdkladni élenéni vyrubu pri NRTM

a) horizontdlni ¢lenéni: 1 — pristropi (top heading), 2 — opéri (bench), 3 —
spodni klenba (invert)

b) vertikdlni ¢lenéni: 1ab, 2ab — opérovd Stola ¢ tunel (site drift), 3 — kalota
(top heading), 4 — jadro (core), 5 — spodni klenba (invert)

CLENENY VYRUB PRI NRTM

MozZnosti, jak Clenit vyrub pii NRTM, je celd tada, z ndzvoslovného
hlediska je dulezité pojmenovani dil¢ich vyrubl (sekvenci) dvou
zékladnich typt ¢lenéni vyrubu — horizontdlniho a vertikélniho.

Pfi horizontdlnim ¢lenéni (obr. la), pouZivaném pii NRTM castéji
z davodu technologickych neZ statickych, se rozlisuji tii zdkladn{ &dsti
vyrubu:

- kalota (pfistropi),

- opefi,

- spodni klenba.

Pri vertikdlnim ¢lenéni (obr. 1b), jehoZ tGéelem je predevsim zvyseni
stability dil¢ich vylomt pfi NRTM a zmen3eni deformaci nadloZi véet-
né povrchu, se rozliSuji ndsledujici ¢dsti vyrubu:

- op€rové §toly nebo tunely (rozliSeni dle velikosti pri¢ného fezu —
hranici je 16 m2)

- kalota (pfistropi),

- jadro,

- spodni klenba.

Na obr. 1 jsou na konkrétnim prikladu pouZiti u prazského tunelu
Mrézovka zachyceny oba zdkladni typy ¢lenéni vyrubu pfi NRTM
s vyzna¢enim jednotlivych sekvenci. Barevné zvyraznéné jsou ty Cdsti
vyrubu, u nichZ dochdzi velmi ¢asto k nespradvnému oznaceni, respekti-
ve k jednostranné zdméné — ,,opéfi* je chybné oznacovano jako ,,jadro™.
Pokusme se vyjasnénim SirSich souvislosti prispét k ndpravé
a terminologické presnosti zejména tisténych dokumentu.

Vsechny pouZité terminy jsou analogické k historicky zavedenému
pojmenovani ¢asti vylomu u klasickych tunelovych soustav, jejichZ pro-
vizorn{ zajiSténi tvofila vydreva a definitivni klenba uloZend na masiv-
nich opérdch se zdklady.

O terminu ,,kalota“ (z ném. die Kalotte — eské ,,pristropi je uzivdno
méné Casto; dalsi synonymum ,,vrchlik” je dnes vyznamové posunuto
spise k Casti klenbové vystroje) se nevedou zadné polemiky. Lze jej
vztdhnout i k horn{ ¢asti jednotlivych sekvenci vyrubu, pokud maji cha-
rakter pristropi (napr. k opérovym $toldm ¢i tunelim).

Problémem je termin ,,opeti“, kterym byl vZdy oznaCovan cely prostor
vyrubu vyskové vymezeny budoucimi protilehlymi opérami klasického
tunelového ostént, které v jeho ndvrhu byly zcela jasné patrné (obr. 2).

Toto o¢ividné rozliSeni ¢asti primdrniho osténi u NRTM chybi a je
pravdépodobné jednim z duvodu Casté zdmény jinym nespravnym ter-
minem; nicméné o opérovych Céstech osténi 1ze mluvit i u NRTM, byt
nejsou jednoznaéné vymezeny stejné tak jako kalota.

Cesky termin ,,op&fi“ ma némecky a anglicky odborny ekvivalent
v ndzvech ,,die Strosse* (slovensky $trosa) a ,,.bench”, které maji podob-
ny vyznam — sestup, etdz, stupen. Tim se v8ak od naseho ,,opéfi* vyraz-
né odliduji, coZ je mozn4 jeden z dalsich duvodu jeho chybnych pojme-
novéni. Po neddvné diskusi autora s prateli tuneléfi, zd¢astnénymi na
stavbé Komoranského tunelu (jizni ¢ast prazského okruhu), bylo dosa-
Zeno velmi prijatelného konsenzu, ktery odpovidd vySe uvedenym cizim
termindm — termin ,,0péfi“ lze asi bez problému nahradit terminem
Llavice“, pripadn€ s adekvdtnim rozliSenim pri pri¢ném déleni nebo vice
sestupech. Ostatné i historicky, napr. pri razbé kaveren hydrocentral
Lipno a Dlouhé Strané, byl termin ,,sestupnd lavice* béZné pouZivdn;
taktéZ u mensich kolektorovych profilt
vyznamové totozny termin ,,lavka“ je uzi-
van pomérné Casto. Termin opéfi* asi
nelze zcela jednoznalné a okamzité
odvrhnout, neni k tomu vlastné Zddny pre-
svédgivy duvod, ale nendsilny prechod na
pouzivéani terminu ,,lavice* je velmi pfija-
telny, nebot' nejde proti duchu mezinarod-
ni tunelédrské terminologie.

Obr. 2 Cdsti tunelového vyrubu
v klasickém pojeti
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Obr. 3 Jdadrovd (némeckd) soustava pilirového

a) schéma pobirdni; b) vydieva plného vylomu
a zednickd vydreva po zhotoveni tunelovych

Terminy ,,opérovd Stola“ a ,,jddro” jsou analogické
k pojmenovani dil¢ich vylomu tunelovaci metody pro
velké profily nékdejsiho pilifového systému raZeni
(zejména pro ddlni¢ni tunely v obdobi pred 2. svétovou
vélkou) — metody jadrové neboli némecké (obr. 3). Jadro
vyrubu je soucdsti pobirdni i u metody podchycovani
neboli belgické (obr. 4), odezvu tohoto terminu lze vSak
najit i v modernim tunelovacim postupu pouZzitém napf.
na Svycarském tunelu Uetliberg (obr. 5), ktery je
v nékolika &dstech raZen pomoci ,,Kernbauweise™ (jad-
rova metoda v prstencovém systému razeni).

U nejspodnéjsi Casti vyrubu je patrny maly rozdil
v pojmenovani spodni ¢dsti vyrubu, kterd je v klasickém
ndzvoslovi oznaCovdna jako ,.dno* (pocva, téZ zola),
zatimco ,,spodni klenbou* byla nazyvéana vyhradné ¢ast
tunelového osténi mezi zdklady opér. U NRTM prevlad-
lo v poslednich letech §irsi pojeti vyrazu ,,spodni klen-
ba“, do kterého se zahrnuje i oblast vyrubu, v niZ se

s X4

spodni ¢ast tunelového osténi provadi.

VYZTUZ A VYSTROJ PODZEMNIHO DiLA

Obr. 4 Podchycovaci (belgickd) soustava
pilirového systému razeni
a) schéma pobirdni; b) vydreva plného

vylomu a zednickd vydreva po zhotoveni
podchycovacich prahu

Jen kritkou zminku vénujme dal§imu nezddoucimu
jevu v nas tuneldfské terminologii, kterym je trochu zma-
teCné a stavajici legislativé neodpovidajici pouzivani ter-
mind vystroj a vyztuz, které v odborném textu pri jasnych
souvislostech pravdépodobné nezpusobuje Zddné problé-
my, nicméné v diskusi, zdpisech a protokolech muZe vést
k nezddoucim nepresnostem prislusného sdéleni.

Je nutno konstatovat, Ze ve starSich odbornych publi-
kacich s tematikou podzemniho stavitelstvi se bez
vyjimky pouZzivd pro konstrukce stabilizujici podzemni
vyrub termin vystroj, a to jak pro doCasnou (vydieva,
ocelova Zebra, svorniky, stfikany beton), tak pro trvalou
(tubingy, dilce, obezdivky, stifkany beton, monolitickd
osténi). Tento termin prevzaly i specidlni prirucky
tuneldrského ndzvoslovi, vzniklé u nds v 80. letech dva-
catého stoleti, a také vétSina stfedoSkolskych
i vysokoskolskych ucebnich texti, starsich i soucasnych.

Valnd &dst absolventd stavebnich fakult CVUT
v Praze a VUT v Brné pouzivala a vétSinou i naddle
pouziva tento termin v praxi podzemniho stavitelstvi
v uvedeném smyslu jako zcela vZity a jednoznacny (na
rozdil od absolventi Stavebni fakulty VSB v Ostrave).
Nicméné nelze opominout existenci vyhlasky Ceského

Jednozna¢né a disledné je vSak tieba odmitat oznacovani sestupu pii
horizontdlnim ¢lenéni Celby u NRTM terminem ,,jadro, ktery ma v nas{
i mezindrodni tuneldfské terminologii ponékud odlisny vyznam.
Oznacuje se tak ¢ast budouciho vyrubu, kterd je ze vSech stran obklope-
na jinymi diléimi vyruby, jejichZ primarn{ (provizorni) osténi umoznuje
bezpecné pobirdni jadra bez vlastniho zajisténi. Nespravné pouzivani
tohoto terminu v publikacich jakéhokoliv druhu (¢lanky, pfispévky, pre-
zentace, ale téZ projektova dokumentace, technické zprdavy apod.) sni-
Zuje jejich odbornou droven.

Oberer
., r Paramentsoller

12,70

Obr. 5 Kernbauweise (tunel Uetliberg — Svycarsko)

banského tradu ¢. 55/1996 Sb. ze dne 7. tinora 1996
o pozadavcich k zajisténi bezpeCnosti a ochrany zdravi pfi prdci
a bezpelnosti provozu pfi ¢innosti provadéné hornickym zpusobem
v podzemi. Tato vyhlaska, kterd patif k zdkladnimu legislativnimu vyba-
veni vSech odbornikd, jejichZ ¢innost souvisi s podzemnimi stavbami,
ma v § 2 ,,Vyklad pojmi“ jednozna¢né definice:

- vyztuZ (osténi) — soubor stavebnich prvku slouZicich k zajisténi dila

v podzemi proti uvolnovani horniny, deformaci horskymi tlaky
a podobné,

- vystroj — veskeré vybaveni dila v podzemi potfebné pro jeho vystav-

bu a provoz.

Vsechna ustanoveni vyhldsky ¢. 55/1996 Sb., ¢ast druha — vedeni dél
v podzemi a podzemni sanani price — samoziejmé dusledné pouZivaji
uvedené terminy. Uvédomime-1i si, Ze vyhlaska ¢.55/1996 Sb. zahrnuje
do své pusobnosti velmi Sirokou Skédlu podzemnich dél a staveb (komen-
tar k vyhldSce jich vyjmenovdva 12 druhd, které zahrnuji témér viechny
podzemni stavby u nds existujici), pak terminologie vyhlasky
s ,,hornickym* vykladem uvedenych pojmu plati pro tunelérskou profe-
si zcela obecné, a tudiz vyznam respektovani vyhldskou definovanych
termind je dosti podstatny.

Termin vystroj je v odbornych tuneldfskych textech velmi frekvento-
vany a velmi &asto je uzivan v puvodnim zaZitém vyznamu. Znovu je
proto tieba apelovat na skoncovéni s mirné schizofrennim stavem, kdy
vyhlasku ¢.55 respektujeme, ale jeji zdkladni terminologii programové
nedodrZujeme. Postupné bude asi nutné nase stavarské zvyklosti opustit
a zalit dusledné pouZivat terminologii citovaného banského predpisu,
a to predevsim v pisemnostech nejriznéjsiho typu, jak je ostatn€ béZné
napr. v publikacich Vysoké koly banské — TU Ostrava a dalSich institu-
cf, zabyvajicich se jak stavatskou, tak i hornickou tematikou.

PROF. ING. JIRI BARTAK, DrSc., e-mail: bartak@fsy.cvut.cz,
CVUT - FAKULTA STAVEBNI PRAHA
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ZKUSENOSTI Z RAZEB TUNELU TUHOBIC
V DOLOMITICKO-VAPENCOVYCH A VAPENCOVYCH SEDIMENTECH
V CHORVATSKU
THE EXPERIENCE OF EXCAVATION OF THE TUHOBIC TUNNEL
THROUGH DOLOMITE-CALCAREOUS AND CALCAREOUS SEDIMENTS
IN CROATIA

RADEK BLASKO

uvoD

Tunel Tuhobi¢ jako jeden ze stavebnich objektu dokonlovacich
praci pfi dostavbé dédlni¢niho spojeni mezi Rijekou a Zéhfebem se
nachdzi v km 23+680 do km 25+803,50, tzv. dseku II. OStrovica —
Vrata. Hlavnim tikolem dostavby je zkapacitnéni této velmi vyznam-
né industridlni a turistické spojky mezi Rijekou a Zahfebem, navazu-
jici na systém chorvatskych dalnic, které se v posledni dobé prudce
rozvijeji jak v severojiznim, tak i ve vychodozdpadnim sméru. Stavba
prochdzi pohotim Gorski Kotar pobliZ slovinskych hranic a navazuje
na predeslé tunelové stavby, kterych je na této trase celkem trinéct,
z nichz v soucasné dobé probihaji dokonfovaci prace na razbach
deviti tuneld.

Spolecnost Subterra, a. s., se stala realizdtorem této jedinecné stav-
by propojujici, co do klimatickych podminek, dvé tpIné rozdilné
oblasti. Dal$imi stavebnimi objekty, které realizuje partner ve skupi-
né DDM Group, spolenost Metrostav a. s., je doddvka tunelu Lucice
a viaduktu Stara SuSica.

Stavba byla zahdjena koncem z&f{ minulého roku ptipravnymi pra-
cemi na zajiSténi predportdlového a portdlového tseku tunelu
Tuhobi¢ ze zdhiebské strany.

HLAVNI TECHNICKA DATA TUNELU A ZAKLADNI UDAJE:

Zemé: Chorvatsko, primorsko-goranska Zupanija
Investor: Autocesta Rijeka — Zagreb d.d.
Projektant: Institut gradevinarstva Hrvatske d.d.

InZenjerski projektni zavod d.d.
Generdlni dodavatel: SdruZeni: Hidroelektra — Niskogradnja d.d.,
Konstruktor — InZenjering d.d.,
Viadukt d.d.,
Strabag AG
Dodavatel tunelu Tuhobié: Subterra a. s.

Tuhobi¢ je automobilovy dvoupruhovy tunel a je veden tak, Ze
pravd tunelové trouba prochdzi podél levé, jiz vybudované, ve vzda-
lenosti minimdlné 25 m. Je tvofen dvéma hloubenymi dseky, na stra-
né rijecké v délce 20 m a na strané zdhrebské v délce 11 m. Vstup je
veden do levého oblouku s polomérem R = 1140 m, pokracuje 987 m
dlouhym pfimym tsekem a na zdhtebské strané je ukoncen pravoto-
&ivym obloukem s polomérem R = 700 m. Ve stiedni ¢asti dila je jiz
vyraZzen nouzovy zdliv v délce 73 m a dvé propojky, v nichZ je umis-
téna trafostanice pro napdjeni jiZ provozované levé tunelové trouby.
V tunelu je projektem uréeno celkem Sest bezpe¢nostnich prachoda
pro pési a tii prujezdy pro vozidla a integrovany zdchranny systém,
jez jsou umistény v nouzovych zdlivech.

Celkova délka tunelu: 2143 m
Délka razené ¢4sti: 2112 m
Délka hloubené ¢asti-rijeckd strana: 20 m
Délka hloubené &asti-zdhfebska strana: 11 m
Délka nouzovych zéliva: 414 m
Sklon dovrchni z vjezdové strany: 1,482 %
Sklon tpadni na vyjezdové strané: 1,043 %
Plocha vyrubu dle tfidy NRTM 76 — 102 m?2
Sitka vyrubu: 109 m

INTRODUCTION

The Tuhobi¢ tunnel is one of the structures of the project of extensi-
on of the motorway connection between Rijeka and Zagreb. It lies bet-
ween chainages of km 23+680.00 and km 25+803.50, in the so-called
2nd spread OStrovica — Vrata. The main objective of the motorway
extension is to increase the capacity of this major industrial and tourist
connection road between Rijeka and Zagreb linking the system of
Croatian motorways, which have been rapidly developing lately, in
both the north-eastern and east-western directions. The construction
passes through the Gorski Kotar mountain range near the Slovenian
border and is added to the line of previous thirteen tunnels which are
found on this route (nine of them are currently in the phase of the exca-
vation completion).

The company Subterra a. s., a member of the DDM Group, was awar-
ded the contract for this unique construction, which links, in terms of
climatic conditions, two absolutely different regions. Other structures
found on this route, for which the contractor is Metrostav a. s., another
member of the DDM Group, are the Lucice tunnel and the Stara SuSica
viaduct.

The Tuhobi¢ tunnel construction started at the end of 2006 by ena-
bling works on the stabilisation of the pre-portal and portal sections on
the Zagreb side of the Tuhobic¢ tunnel.

THE MAIN TECHNICAL DATA ON THE TUNNEL
AND THE MAIN INFORMATION.

Country: Croatia
Client: Autocesta Rijeka — Zagreb d.d.
Designer: Institut gradevinarstva Hrvatske d.d.

InZenjerski projektni zavod d.d.

General Contractor: a group of companies consisting of

Hidroelektra — Niskogradnja d.d.,

Konstruktor — Inzenjering d.d.,

Viadukt d.d.,

Strabag AG
Contractor for the Tuhobi¢ tunnel: ~ Subterra a. s.

Tuhobi€ is a twin-tube road tunnel with the right tunnel tube passing
along the left tube, which has already been completed, at a minimum
distance of 25.0m. The RTT has two cut-and-cover sections: 20.0m
long on the Rijeka side and 11.0m long on the Zagreb side. The hori-
zontal alignment starts with a left-hand curve with the radius R=1140m
and continues through a 987.0m long straight section; it ends on the
Zagreb side with a right-hand curve with the radius R=700.0m. In the
central mined section, the excavation of an emergency lay-by at the
length of 73.0m has already been completed, as well as two cross pas-
sages housing a transformer station feeding the already operating left
tunnel tube. The tunnel design contains a total of six cross passages —
escape routes for persons, and three cross passages for vehicles and
units of the integrated rescue system, with the entries at the lay-bys.

Total length of the tunnel: 21430 m
The length of the mined part: 21120 m
The length of the cut-and-cover part on the Rijeka side: 200m
The length of the cut-and-cover part on the Zagreb side: 11.0m
The length of lay-bys: 414 m




Vyska vyrubu: 795 m
Plocha vyrubu nouzového zdlivu: 126 m2
Plocha vyrubu pruchodu pro pési: 58 m2
Plocha vyrubu prujezdu pro vozidla: 68 m2
Elektrovyklenky: 22 ks
Protipozarni vyklenky: 10 ks
Vyklenky pro odvodnéni tunelu: 18 ks

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Trasa tunelu prochazi sedimenty (vdpence, dolomitické vapence
a dolomity) hornitho triasu, dolnf{ a stfednf jury. Na povrchu jsou sedi-
menty rozdrobeny a rozmélnény do suti, mistné promisenymi
s humusovym pokryvem. Mocnost téchto suti dosahuje aZ péti metru
a prumérné se pohybuje od jednoho do tff metra.

V celém masivu se objevuji charakteristickd zlomova pasma, podél
nichz dochdzelo k poklesim a vytvareni kavernéznich z6n, samot-
nych kaveren a pripadné i krasovych jeva.

Hydrogeologické poméry ve vytéené lokalité byly predkldddny
jako dobré a vyhovujici bez alarmujicich jeva. RaZbami byl tento
predpoklad potvrzen. Dochédzelo pouze k mistnim prusakim
v obdobi zvySenych destovych srdzek, které se vSak ztraceji
v puklinovém a kavernéznim systému této krasové oblasti.

Analyzou vysledku predchozich pruzkumnych geotechnickych
praci byl masiv podél tunelové trouby roz¢lenén do sedmi geotech-
nickych jednotek s riznorodym zatfidénim, vytvorenym korelaci
mezi geomechanickou klasifikaci RMR a Q soustavou, z né¢hoz vze-
§lo klasické zatfidén{ do tfid NRTM.

ZAJISTENI PREDUSEKU A PORTALOVE CASTI TUNELU

Vykopové a zajistovaci prace zapoCaly koncem zafi roku 2006 ve
ztizenych klimatickych podminkach. Tyto podminky byly dany polo-
hou a umisténim portdlu na severovychodni strané pohori, které je
v tomto ro¢nim obdobi charakteristické zvySenym vyskytem desto-
vych srazek.

Navrhované projektové feSeni bylo pfijato s ohledem na minimal-
ni dopady na charakter a rdz krajiny tak, Ze byla predportalova ¢ast
rozdélena do tfi etdZi s maximdlnim stoupdnim bermy aZz 37 %
a sklonem findlnich svahu ve druhé a tfeti etdzi v poméru 3:1, obr. 1.

K zajisténi svahu bylo celkem pouzito 170 ks samozdvrtnych
injektdznich kotev IBO R32N délky 15 m o tinosnosti na mezi pev-
nosti 500 kN a 14 ks IBO R38N, délky 6 m o téZe tinosnosti. Uklon
zavrtdvanych kotev se pohyboval mezi 15 — 20°. Kotevni tyce byly
proinjektovdny cementovou smési v ddvce cca 600 kg na jeden vyvrt
za pomoci vykonného injektdZniho Cerpadla HANY ZMP.
Stabilizace pak byla dokoncena poloZenim druhé vrstvy ocelovych
sitf Q 131 a dostfikdnim vrstvy stifkaného betonu tfidy C 25/30 do
tloustky 0,20 m.

Odvodnéni této ¢asti dseku bylo zajisténo navrtdnim a osazenim

P

celkem 126 ks drendZnich trubek o priméru 50 mm a délce 3 m, déle
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Obr. 1 Pohled na zdhrebsky portdl
Fig. 1 A view of the Zagreb portal

Obr. 2 Vysledky méreni deformaci na extensometru
Fig. 2 Results of extensometer measurement of deformations

The uphill gradient (from the entrance side): 1.482 %
The downhill gradient (on the exit side): 1.043 %
Excavated cross sectional area

(depending on the NATM class): 76 -102 m?
The excavation width: 109 m
The excavation height : 795m
Excavated cross sectional area at the lay-by: 126.0 m’

Excavated cross sectional area of the passage for pedestrians:58.0 m?
Excavated cross sectional area of the passage for vehicles: 68.0 m”

Niches for electrical installations: 22 pes
Fire protection niches: 10 pcs
Tunnel drainage niches: 18 pcs

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The tunnel route passes through Upper Triassic sediments and Lower
and Middle Jurassic sediments (limestone, dolomitic limestone and
dolomite). On the surface, the sediments are disintegrated forming
a layer of detritus, which is locally mixed with the humus cover. The
thickness of the debris reaches up to five metres, the average varies bet-
ween one and three metres.

Characteristic zones of faults crop up throughout the massif, with
tectonic subsidence, cavernous zones, caverns and even karstic pheno-
mena found along the faults.

The hydrogeological conditions in the given location were assumed
to be good and satisfactory, without alarming phenomena. This assump-
tion was confirmed by the excavation. Only local seepage of storm
water was experienced, but the water disappeared in the system of fis-
sures and caverns existing in this karstic area.

The analysis of the results of previous geotechnical surveys divided
the massif along the tunnel tube into seven geotechnical units with dif-
fering classification; the classification was developed by means of cor-
relation between the RMR geomechanical classification system and the
Q system, which gave rise to the traditional NATM classification.
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Kresimir Tepic, ing.geod Kresimir Tepic, ing.geod

THE STABILISATION OF THE PRE-PORTAL AND PORTAL

AUTOCESTA RIEKA - ZAGREB

DIONICA :OSTROVICA - VRATA SECTIONS OF THE TUNNEL
OBJEKT : TUNEL "TUHOBIC"_ desna cijev
ZVODITEL): SUPTERRA STACIONAGA: 25146850 The tunnel excavation and installation of support started at the end of
e | | September 2006, under quite heavy climatic conditions. The conditions
VIINSKI POMAK o = = — were given by the location and position of the portal on the north-eas-
. s tern side of the mountain range, which is at this season characterised by
; i} increased numbers of rainfalls.

- The design draft, which was approved with respect to the minimised
- impact on the character and pattern of the landscape, divided the exca-
vation of the pre-portal section into three stages with the maximum

57 ! rising gradient of the berm up to 37.0% and the gradient of the final slo-
o 7T e " pes at the second and third stage 3:1 (see Fig. 1).
e The slopes were stabilised by a total of 170 self-drilling, grouted
POPREANIPOMAK °%=%— anchors IBO R38N, 15.0m long, with the ultimate resistance of 500 kN
, . and 14 IBO R38N anchors 6.0m long, with the same resistance. The
; : ' incline of the self-drilling anchors varied between 15° and 20°. The

- anchor rods were injected by cement mixture, about 600kg of the mix-
- ture per one hole, using a high-performance grouting pump HANY
ZMP. The stabilisation was then finished by the installation of the

59 1 second layer of welded mesh Q 131 and application of remaining C
A M 25/30-grade sprayed concrete until the thickness of the layer reached

B 0.20m.
UZDUeNI POMAK e The drainage of this part of the section was provided by means of
, .l drilling and installation of a total of 126 drainage pipes 50mm in dia-
; o meter and 3.0m long into the boreholes, and casting of about 198m of

concrete drainage ducts at the pit head and at the toe of the slope at each
. of the stages.
The design for the stabilisation of the pre-portal section comprised
74 ) the monitoring of movements, and the slope support by means of three
o T TR e " vertical inclinometers and three horizontal deformation meters installed
in boreholes 20.0m long, including the monitoring performed on a total
of sixteen survey points. The measurements, which were carried out
Pl always when a particular phase of the support installation had been
completed, proved that the installation of the support elements was jus-
tified; the measured movements were in the order of millimetres (see
Obr. 3 Konvergence portdlové zony Fig. 2). The measurements of the spatial movements on the survey
Fig. 3 Convergences in the portal zone check points also showed only several millimetre displacements.

\N®
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pak vybetonovdnim cca 198 bm odvodiiovacich kandlkd na zhlavi
a u paty kazdého zarezu.

Projektové feSeni stability predportdlové Casti zahrnovalo monito-
rovani pohybu, zaji§téni svahu pomoci tif vertikdlnich inklinometra
a tfi horizontdlnich deformetri deformetri osazenych ve vrtech
o délce 20 m v&etné monitoringu na celkem Sestndcti geodetickych
bodech. Méfeni, kterd byla provddéna vzdy po dokonceni jednotli-
vych fézi zajisténi, prokdzala opravnénost instalace pouzitych zajis-
tovacich prvku, kdy dochédzelo k odchylkdm maximélné v fddech
milimetra, obr. 2. Méfen{ prostorovych pohybu na kontrolnich geo-
detickych bodech ukdzala taktéZ pouze milimetrové odchylky.

K hlavnimu zajiSténi portalové ¢dsti tunelu byl pouZzit mikropiloto-
vy destnik sestdvajici z 29 injektdZnich mikropilot o praméru
114 mm s rozteCemi vyvrtd 0,40 m, s délkou mikropilot 15 m
s prekrytim mezi jednotlivymi deStniky 3 m a dhlem odklonu 4°.
Vrtani mikropilotového deStniku bylo realizovdno vrtacim vozem
Atlas Copco Boomer L2C s adaptéry na lafetdch s laserovymi zameé-
fovaci, umoznujicimi pouziti systému SYMMETRIX od firmy Atlas
Copco. Injektdze a vyplii mikropilot byly poté provedeny opét
cementovou injektdzni smési za pomoci dvojitého obturdtoru a pfi
pouziti injektdZniho &erpadla HANY ZMP.

METODA RAZBY A POSTUP PRACI

Razba tunelu Tuhobi¢ ze zdhtebské strany byla zahdjena 5. prosin-
ce 2006 a je provddéna dle zdsad Nové rakouské tunelovaci metody
(NRTM), kterd zohledniuje v naSem pripade celkem pét technologic-
kych tfid vyrubu. Pro jednotlivé technologické tridy byly nadefino-
véany parametry zahrnujici typ ¢lenéni vyrubu, zébér a jeho délku,
vysku kaloty, jadra a popfipadé protiklenby, typy a mnoZstvi vyztuz-
nych prvka zajiStujicich stabilitu podzemniho dila. Na zdkladé pred-
choziho geotechnického prizkumu byly uréeny nésledujici technolo-
gické tridy NRTM:

- Vb
- Va
-1V
-1
-1I

Obr. 4 Kaverna zastiZend ve staniceni km 25+261
Fig. 4 The cavern encountered at chainage km 25+261
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The main element of the excavation support in the portal section was
a micropile umbrella consisting of 29 grouted micropiles 114.0mm in
diameter, 15.0m long, installed at 0.40m spacing, with the deviation
angle of 4° and overlapping of the individual umbrellas of 3.0m. The
drilling for the umbrella was carried out by an Atlas Copco Boomer
L2C with adaptors on the feeds with laser sights allowing the applica-
tion of Atlas Copco’s system SYMMETRIX. The grouting and filling
of the micropiles with cementitious grout were carried out using
a double-packer and a HANY ZMP grouting pump.

THE EXCAVATION TECHNIQUE AND THE WORK PROGRESS

The excavation of the Tuhobi¢ tunnel from the Zagreb side started on
5th December 2006. It is carried out according to the rules of the New
Austrian Tunnelling Method (NATM), with five excavation support
classes determined by the design. Specifications for each support class
defined the excavation sequence, the round length, the height of the top
heading, bench and invert (if required), types and extent of support ele-
ments providing the stability of the underground excavation. The follo-
wing NATM excavation support classes were determined on the basis
of the preceding geotechnical survey:

- Vb
- Va
-1V
- 11
-II

where the classes Vb and Va required a horizontal excavation sequ-
ence consisting of the top heading, bench and invert. The excavation
through classes IV, III and II was carried full-face, with the stress pla-
ced on maximum stability of the opening, which was achieved, above
all, by proper selection of the round length and the most appropriate
anchoring elements and their arrangement within the excavation.

The beginning of the excavation, from chainage km 25+800.50 to
chainage km 25+4774.50, was characterised by the fact that three mic-
ropile umbrellas were installed one by one to provide the top heading
support. They were carried out in the same way as those installed in the
portal section. This support element was used for the support class Vb
in combination with shotcrete applied to the top heading, side walls and
invert (C25/30 grade concrete, 0.30m thick layer), two layers of steel
mesh Q 257, lattice girders Pantex 130/20/30 installed at 1m spacing
and self-drilling anchors IBO R32N (6.0m long, at maximum spacing
of 1.2m). The invert excavation support (the third sequence) consisted
of 2 layers of mesh Q 257 and a shotcrete layer 0.30m thick.

In the portal section, the profile was closed by the invert immediate-
ly when the excavation of 6m of the top heading, 3m of the bench or
three metres of the invert had been completed, under the condition that
the excavation face of the top heading or bench had been stabilised
before by steel mesh Q 131, a 5-10cm thick layer of shotcrete and, as
required, installation of 12m long self-drilling grouted anchors IBO
R32N.

Immediately when the initial 12 metres of the excavation had been
completed and before the drilling for the second micropile umbrella
started, the excavation was provided with five convergence points (at
chainage km 25+791.50) and the zero measurement was carried out.
Other convergence points were installed with the progressing excavati-
on and the required measurements were conducted in each field which
had been provided by the micropile umbrella support. The results of the
convergence measurements in the portal section are presented in the
table in Fig. 3. It follows from the achieved results that the deformati-
ons of the excavation were negligible, therefore the support system had
been designed properly.

The rock disintegration in the zone protected by the micropile umb-
rellas was solely performed mechanically, using a 2.5 ton hydraulic
impact breaker mounted on a Liebherr R 934 tunnel excavator. The sup-
port class Va rock mass fluently passed to class Vb throughout a length
of about 10m. The other excavation support classes were applied with
regard to the actually encountered geological and geotechnical conditi-
ons and with respect to the close distance from the existing left tunnel
tube.

THE EQUIPMENT USED

The above-mentioned tunnel excavator Liebherr R 934 with
a Montabert 2.5t hydraulic impactor and an excavator FH 285 were the
main machines used for the excavation. The drilling for the blasting
and for the micropile umbrellas was performed by an Atlas Copco
BOOMER L2C drill rig; the muck was loaded by a Volvo L120E
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Obr. 5 Priprava na vrtani
Fig. 5 Preparation for the drilling

kde tridy Vb a Va byly raZeny s horizontdlnim ¢lenénim na kalotu,
opéii a protiklenbu. Ve tiiddch IV, III a II byly razby provddény
v plném profilu s dirazem na zaji§téni maximalni stability dila, pre-
devsim pak spravnou volbou délky zdbéru a volbou nejvhodnéjsich
kotevnich prvka a jejich rozmisténim ve vyrubu.

Pocatek razeb od stani¢eni km 25+800,50 do staniCeni km
25+774,50 byl charakteristicky tim, Ze k zajitén{ kaloty byly pouZi-
ty postupné celkem tfi mikropilotové destniky, jezZ byly provedeny
stejnym zpusobem jako zaji§téni portdlové ¢dsti. Tento prvek stabili-
ty byl pouzit v technologické tridé Vb, kde byl doplnén stifkanym
betonem v kaloté, bocich i protiklenbé tridy C 25/30 a tloustky
0,30 m za pouziti dvojitych ocelovych siti Q 257, ocelovou prihra-
dovou vyztuzi typu Pantex 130/20/30 s rozte¢i oblouki 1 m
a samozavrtnymi kotvami IBO R32N délky 6 m s maximaln{ rozte¢i
mezi jednotlivymi kotvami 1,2 m. Protiklenba pak byla ve treti fazi
vyztuZena 2 vrstvami ocelovych siti Q 257 a prostiikdna do tloustky
0,30 mm.

V portélové ¢ésti byl profil uzavirdn protiklenbou ihned po vyra-
Zeni 6 m kaloty, 3 m jadra a tfi metrQ protiklenby za podminky pred-
choziho zajisténi Celby kaloty a jadra ocelovou miizi Q 131, 5 az
10 cm stiikaného betonu. Podle potieby bylo pouZito 12 metrovych
samozdvrtnych injektdZzich kotev IBO R32N a jejich proinjektovani.

Thned po vyraZeni prvnich 12 metrt a pfed vrtanim druhého mik-
ropilotového destniku byl vyrub osazen ve stani¢eni km 25+791,50
péti konvergenénimi body a provedeno nulté méfeni. S postupujicimi
razbami bylo kazdé pole, které bylo pod zastitou mikropilotového
deStniku, osazeno dal§imi konvergen¢nimi body a byly provedeny
nezbytné série mereni. Vysledky méreni konvergenci portdlové zony
jsou uvedeny v tabulce, obr. 3. Z dosaZenych vysledku vyplyva, Ze
deformace vyrubu byly zanedbatelné, a tudiz technologie zajistén{
byla zvolena spravné.

V zéné pod ochranou mikropilotovych destnika bylo
k rozvolnovédni horniny pouZito vyhradné strojniho rozpojovani
pomoci hydraulického kladiva o vdze 2,5 t osazeného na tunelbag-
ru Liebherr R 934. Technologicka tfida Va navazovala plynule na
tfidu Vb v délce cca 10 m. Ostatni technologické tfidy vyrubu byly
pouzity s ohledem na aktudlné zastizené geologické
a geotechnické podminky s prihlédnutim na blizkost jiZ existujic{
levé tunelové trouby.

POUZITA STROJNI SESTAVA

Jako hlavni razici stroj byl pouzit jiz vySe zminény tunelbagr
Liebherr R 934 s hydraulickym kladivem Montabert 2,5 t a bagr
FH 285. Pro vrtaci prace a odvrt mikropilotovych destnika vrtac{
nuz Atlas Copco BOOMER L2C, nakladdni bylo realizovdno stro-
jem Volvo L120E — v zdloze pak byl nakladac¢ Caterpillar 966 C.
Odvoz rubaniny zajiStovaly dva dumpery Caterpillar D300B — 15
m? a dva Mercedes 2531 — 10 m?, ostatn{ pomocné prace vykona-
val traktorbagr JCB 4CX. Pro zajiStovaci prace slouZzila ploSina
AC DC-15/GS-810 a stfikané betony byly aplikovdny mobilnim
manipuldtorem s Cerpadlem Meyco — Supreme na podvozku
Dieci. K odvétrdni pracovisté byl pouzit ventildtor pro separdtni
foukaci vétrani typu Korfmann GAL 1400 s lutnovym tahem
¢ 2100 mm. S touto konfiguraci strojni sestavy pak bylo v bieznu
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(a Caterpillar 966 C was held as a stand-by); the muck hauling was by
2x Dumper Caterpillar D300B — 15 m3 + 2x Mercedes 2531 — 10 m3;
other auxiliary work was performed by a JCB 4CX backhoe; an AC
DC-15/GS-10 hoisting platform was used for the support installation
and shotcrete was applied using a Meyco — Supreme concrete pump
upon a Dieci carrier. A Koérfmann GAL 1400 fan with an air duct ¢
2100 mm was used for the separate forced ventilation system. Using the
above equipment set, the tunnellers achieved the maximum output of
153.5m of full-face excavation in March 2007.

DRILL AND BLAST OPERATIONS

As mentioned above, an Atlas Copco BOOMER L2C was used for
the drilling according to the drill pattern which proved to be good
during the previous tunnelling operations. The variant which was based
on long-term experience of excavation through carbonates was selected
as the best one. The proof is the fact that the advance per cycle (the pull)
in excavation support class Il was equal to the length of the blast holes
(up to 4m). A significant influence on the proper execution of blasting
operations, also in terms of seismic effects of blasting, can be attribu-
ted to the application of non-electric firing, which, in addition, impro-
ved the efficiency of the blasting procedure by reducing the duration of
loading and priming operations. The seismic effect was diminished by
means of more accurate distribution of timing intervals; this action, at
the same time, made the increasing of the weight of the explosive per
hole possible, which resulted into an increased efficiency of the explo-
sive with maximum round lengths.

The seismic effect of the blasting is regularly monitored by
a geophone, which is mounted at the chainage where the blasting is
being carried out, on the final lining of the existing tunnel tube. The
vibrations are measured by an Instantel Minimate Blaster seismograph
and the readings are digitally processed, with the output in the form of
areport where the peak particle velocity must not exceed the prescribed

B Instantel Event Raport
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Obr. 6 Protokol o mérent seismickych iti¢inku na stdvajici tunelovou troubu
Fig. 6 A report on the measurements of seismic effects on the existing tunnel tube




roku 2007 dosazZeno zatim maximdlniho vykonu 153,5 m razby
v plném profilu.

SPECIFIKA VRTANI A TRHACICH PRACI

Jak jiz bylo uvedeno, k vrtani dle vrtného schématu, které se
osvédcilo jiz pfi razbach predchozich tunelu, byl pouZit vrtaci viiz
Atlas Copco BOOMER L2C. Jako nejoptimalnéjsi varianta byla
navrzena ta, kterd vychdzi z dlouholetych zkuSenosti razeb
v karbondtech. Dokladuji to ¢isté vylomy na celou délku vyvrtu
(az 4 m) ve II. technologické tfidé bez zanechdni neodstielenych
&asti vyvrta. Veliky vliv na fddny prubéh trhacich praci, také
s ohledem na seismické dcinky trhacich praci, md pouZiti neelek-
trického roznétu, které také v neposledni fadé zefektivnilo tech-
nologicky postup zkrdcenim doby nabijeni a adjustace. SniZeni
seismického efektu bylo zajisténo presnéjs$im roz¢asovdnim jed-
notlivych zdloZek, zdroven vSak umoZznilo zvysit specifickou
hmotnost trhaviny na 1 vyvrt, a tim i i¢innost trhaviny pfi maxi-
malnich zdbérech.

Pri provéddéni trhacich pracf je pravidelné kontrolovan seismicky
ucinek na definitivni obezdivce stdvajici tunelové trouby osazenim
geofonu do staniéeni, ve kterém se provadéji trhaci prace. Vysledky
jsou snimdny seismografem typu Instantel minimate blaster
a digitdlné zpracovany do protokolu. Maximalni rychlost oscilace
nesmi presdhnout predepsanou hranici 50 mm/s. Vysledky jsou ne-
ustdle monitorovdny koordinitorem investora a zpracovavany do
protokolu (obr. 6). ZkuSenosti ze seismického monitoringu naznacuji,
Ze k maximdalnim odchylkdm, které mohou jen v mimofadnych pfi-
padech prekrodit stanovenou mez, dochézi prevdzné v kavernéznich
z6ndch a v oblastech diskontinuit, které dosahuji k blizkému objek-
tu a negativné ovlivnujf seismické i¢inky na néj. V téchto pripadech
a v pripadech zhorSenych geotechnickych podminek se okamzité
pristupuje ke zkrdceni zdbéru a sniZeni celkové ndloZe trhavin za
stejnych podminek roznétu.

SMEROVE A VYSKOVE VEDENI DILA

Presnost, kterd je pri vedeni dlouhého tunelového dila vyZadova-
na, lze v souCasné dobé zajistit nékolika moZnymi zpusoby.
Zékladem zustdvd klasické geodetické vedeni dila za pouZiti totél-
ni stanice a vytyCovdni z polygonu a ze stanoveného zdkladniho
bodového pole (zdkladni vytyCovaci sit, ddle ZVS.) Tato ZVS pfi
zajistovani predidseku tunelu slouzila k vytyCeni zdkladnich
a méficich bodu, ke sledovani pohybu masivu v priportalové &dsti
a v neposledni fadé k osazeni a orientaci automatického mericiho
systému pro vedeni razby CATS (Computer Aided Tunnel
Surveying), ktery byl pro tento tunel pouzit. Tento systém s totdlni
stanici LEICA TCRM 1500 umoZnuje efektivné sledovat postup
razeb, presné vytyCovat a zobrazovat body a tunelovou geometrii
potiebnou pro vyrub, umisténi obloukt tunelové vyztuZe, kontrolo-
vat profily, event. vrty a vrtné schéma, a tim v konec¢né fazi vést
technologii razby ke kvalitativné lep§im vysledkum, které vyrazné
sniZily objem zavinénych i nezavinénych nadvylomu.

ZAVER

V soucasné dobé (prvni dekdda Cervna 2007) je razba tunelu
Tuhobié ze zdhfebské strany za polovinou predpoklddané délky ve
stani¢eni km 25+170. Zbyva tedy dorazit cca 400 m do prorazky,
kterd je napldnovdana na zari roku 2007. Dosavadni zkuSenosti
z razby bychom méli nyni ziroCit v druhé fazi razby tunelu.
Progndzy technologickych trid predpokladaji dobré a stabilni horni-
nové podminky, coz ddvd predpoklad dorazit dilo ve zbyvajicich
Styfech mésicich v maximalni kvalité a v souladu s harmonogramem
vystavby dila. Nové technologické postupy, technologickd kézen
a dodrzovéani bezpe¢nosti na pracovisti by ndm k t€émto vysledkum
mély pomoci. V zdff bude dilo provedené v primérni obezdivce pre-
dano objednateli k dokonceni definitivni obezdivky, odvodnéni
a montdzi technologického vybaveni tunelu. Timto bychom chtéli
zdsadnim dilem prispét k pldnovanému ukonéeni a predani dila do
provozu v srpnu roku 2008.

ING. RADEK BLASKO, rblasko@subterra.cz
SUBTERRA, a. s.
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Obr. 7 Nouzovy zdliv v rozsireni v km 25+371
Fig.7 The lay-by in the widened section at km 25+371

limit of 50mmy/s. The results are continually monitored by client’s coor-
dinator and a record is carried out (see Fig. 6). The experience of the
seismic monitoring imply that the majority of maximum deviations,
which may exceed the prescribed limit only exceptionally, are encoun-
tered during the excavation through the cavernous zones or discontinu-
ity zones which extend near the structure and negatively influence the
seismic effects acting on it. In such cases and in the cases of worsened
geotechnical conditions, the advance round length is immediately redu-
ced and the total weight of explosives is reduced (under the same
priming conditions.

HORIZONTAL AND VERTICAL ALIGNMENT OF THE TUNNEL

The accuracy which is required during the course of excavation of
a long tunnel can be today secured by several possible methods. The
traditional survey method of guiding a tunnel excavation by means of
a total station and setting out from a traverse and a minor control (the
Basic Setting-out Net, hereinafter referred to as the BSN) remains to be
fundamental. This BSN served during the installation of the means of
support in the pre-portal section for the setting out of fixed survey
points and survey points, monitoring of the movements of the rock
mass in the portal section and, at last but not least, for mounting and ori-
entation of the CATS system (Computer Aided Tunnel Surveying),
which was used for the excavation guidance. This system, with a total
station LEICA TCRM 1500, allows us to efficiently follow the excava-
tion progress, precisely set out and display the points and tunnel geo-
metry required for the excavation, positions of lattice girders, checking
of cross sections or boreholes and the drill pattern. As a result, we are
able to control the equipment to reach higher quality results, which will
significantly diminish the volume of both caused and accidental overb-
reaks.

CONCLUSION

The excavation of the Tuhobi¢ tunnel from the Zagreb side is cur-
rently (author’s note: the first decade of June 2007) beyond the mid
point of the expected length, at chainage km 25+170.00. About 400m
of the excavation remains to be completed to reach the breakthrough,
which is scheduled for September 2007. The experience gained to date
from the excavation work should bear interest now, in the second half
of the tunnel excavation. The prognoses for the excavation support clas-
ses predict good and stable rock conditions, which is a condition for us
to finish the excavation during the remaining four months in maximum
quality and in compliance with the time schedule of the works. The new
technological procedures, technological discipline and adherence to
safety rules should help us to reach these results. In September, the tun-
nel, which will be provided with the primary lining, will be handed over
to the client, who will take care of the overall completion,
i.e. construction of the final lining, drainage and installation of tunnel
equipment. We consider the hand-over to be our significant contributi-
on to the planned completion of the tunnel and its inauguration in
August 2008.

ING. RADEK BLASKO, rblasko@subterra.cz, SUBTERRA, a. s.
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GEOTECHNICKE OTAZKY HLUBINNYCH ULOZIST
RADIOAKTIVNIHO ODPADU
GEOTECHNICAL ISSUES OF DEVELOPMENT OF DEEP-SEATED
REPOSITORIES OF RADIOACTIVE WASTE

ALEXANDR ROZSYPAL

uvoD

Jadernd energetika pres veSkeré vyhrady, které jsou vadi ni ze strany
ruznych radoby ekologickych aktivistd fadu let uplatiiovdny, zistane
nepochybné v budoucnosti jednim z hlavnich zdroju energie pro lidstvo.

Duvodem je postupné vylerpavéni zdroju fosilnich paliv, nejdiive
nafty, pak uhli i plynu. Tak zvané obnovitelné zdroje, jako je vitr, slun-
ce, piiboj, vodni energie, biomasa atp., nebudou schopny tbytek zdroju
zpusobeny poklesem zédsob fosilnich zdroju energie nahradit. Jistou
nadé&ji do budoucnosti zistdvd energie geotermdlni. Vzrustajici tlak na
jadernou energii bude vyvozovan i obrovskym riistem potieby energe-
tickych zdroju novych rychle se vyvijejicich ekonomik, jako je Cina,
Indie, nové nastupujici staty v Jizni Americe, Africe i jinde. Ocenéni
hodné systematické snahy o dspory energie v rozvinutych zemich tento
nartst nemohou nikdy vykompenzovat.

Jaderna energie je tak patrné jedinou nadéji, jak uspokojit vzrustajici
pozadavky lidstva na energii. Alternativou jsou pouze znicujici globdln{
konflikty zplsobené nelitostnym bojem stitd o energetické zdroje.
Jejich pocdtku jsme ostatné svédky jiz dnes.

Jadernd energie m4 v8ak kromé vyhod i dvé zdsadni dskali. Prvnim je
zranitelnost jadernych elektraren v dusledku teroristickych dtoku, vélec-
nych konflikta ¢i nezodpovédnosti provozni obsluhy. Pripadné dusledky
by byly mimorddné. Druhym tskalim je zneSkodriovan{ jaderného odpa-
du vznikajiciho v jadernych elektrarnach.

Bezpetné zneskodnovéni radioaktivnich odpadu znamend vyfesit tii
sloZité¢ problémy. Za prvé je nutné vyloucit rizika vzniku samovolné
jaderné reakce v misté soustfedéného uloZeni jaderného odpadu, déle
vyfesit dostateény odvod vznikajiciho tepla z jaderného uloZisté
a nakonec zabezpecit dlouhodobou izolaci radionuklidu od biosféry do
té doby, neZ jejich radioaktivita dostate¢né klesne na troven vylucujici
ohroZeni jakékoliv slozky biosféry.

U nizko- a stfednéaktivnich jadernych odpadu je doba jejich nutné
izolace nejvice nékolik set let. Proto téchto cili muZe byt piipadné
dosazeno i v pri povrchovych tlozistich, jakymi jsou u nds naptiklad
Dukovany, Richard a Bratrstvi.

Vysoce aktivni jaderné odpady, kterym je vyhorelé palivo z jadernych
elektraren, je ale tieba v dusledku mimorddné dlouhého polo¢asu rozpadu
v ném obsaZenych radionuklidd izolovat od Zivotniho prostiedi po dobu
nesrovnatelné del§i. Rddové desetitisice let. PoZadavkum na takovou bez-
pecnost z dnesniho pohledu nejlépe vyhovuji podzemni dloZiste.

Predmétem tohoto prispévku je rozbor nékterych daleZitych inZenyr-
skych a geotechnickych otdzek s ukldddnim radioaktivntho odpadu do
podzemi, spojenych zejména s tietim aspektem celkového feseni tohoto
problému. Kromé toho se autor zamysli nad nékterymi praktickymi
otdzkami inZenyrské povahy, které jsou obvykle pfi tvahdch o této
problematice zanedbdvény.

CHARAKTER HLUBINNEHO ULOZISTE

Hlubinné dlozisté vysoce aktivniho jaderného odpadu je zvlastni dilo,
jehoZ funkce musi byt bezpedné zajisténa v casovém horizontu tisicu let.
Vyvoj technologie hlubinného uklddani jaderného odpadu do podzemi
je a jesté bude dlouhodoby. Je do ného zapojena fada védeckych
i technickych disciplin. InZenyrskd geologie, geotechnika a podzemni{
stavitelstvi jsou nedilnou soucdsti tohoto programu.

Pred uloZenim do hlubinného tloZisté se jaderny odpad uklddd na neko-
lik desitek let do meziskladu. Tam se jeho radioaktivita snizuje a klesd
mnozstvi produkovaného tepla. S ¢asem klesajici aktivita a snizeny tepel-
ny vykon odpadu usnadnuje dal$i manipulaci s jadernym odpadem.

Teprve pak se pristupuje k definitivnimu uloZeni v hlubinném dlozZisti.

Hlubinné dloZiste se musi budovat jen ve vhodném vysoce stabilnim
a homogennim geologickém prostiedi v hloubce okolo tisic metra pod
povrchem terénu. Ochrannd funkce dloZisté se vytvari vzdjemné prova-
zanym systémem inZenyrskych a prirodnich bariér.

INTRODUCTION

Nuclear energetics, despite all reservations about it which have been
made by pseudo-environmental activists for many years, will undoubtedly
remain one of the main sources of energy for mankind in the future.

It is because the resources of fossil fuels — crude oil first, then coal and
natural gas, are being gradually exhausted. The so-called renewable resour-
ces, such as wind, the Sun, beating of the waves, water power, biomass etc.,
will not be able to compensate for the loss of resources caused by the reduc-
tion in the reserves of fossil reserves of energy. Geothermal energy remains
as some hope for the future. The increase in the pressure on the nuclear ener-
gy will also result from the immense growth in the demand for energy sour-
ces for new, rapidly developing economies, such as China, India, newly
developing countries in South America, Africa and elsewhere. The praise-
worthy systematic energy saving efforts in developed countries can never
make up for this increase.

Therefore, nuclear energy is hopefully the only possible source capable of
satisfying the growing demand of mankind for energy. Ruinous global con-
flicts caused by merciless fighting between states for energy resources are
the only alternative. Besides, we have been witnessing the beginning of such
conflicts already today.

However, nuclear energy has not only advantages but also two principal
drawbacks. First of them is the vulnerability of nuclear power plants to ter-
rorist attacks, wars or irresponsible operating staff. The consequences would
be disastrous. The other drawback is the issue of disposal of the nuclear
waste produced by nuclear power plants.

The safe disposal of radioactive waste is associated with three complicated
problems to be resolved. First of all, it is necessary to eliminate the risks of
spontaneous nuclear reaction in the place of concentrated storage of nuclear
waste, then to solve the problem of sufficient abstraction of the heat origina-
ting at the nuclear repository and, finally, to secure long-term isolation of bio-
nuclides from the biosphere until the radioactivity sufficiently decreases, to
the level at which the threat to any component of the biosphere is excluded.

No more than several hundreds of years of the isolation are necessary for
low-level and medium-level radioactive nuclear waste. For that reason,
these targets are achievable even by using surface repository facilities, such
as, for example, Dukovany, Richard and Bratrstvi.

On the other hand, the isolation period must be incomparably longer, in
the order of tens of thousands of years, in the case of high-level radioactive
nuclear waste, which the spent nuclear fuel from nuclear power plants is,
because of the exceptionally long radioactive half-life of the radionuclides
which it contains. From the today’s point of view, the requirements for such
the safety is best met by underground repositories.

This paper presents an analysis of some important engineering and geotech-
nical issues of the underground disposal of radioactive waste which are associ-
ated, above all, with the third aspect of the global solution to this problem. In
addition, the author discusses some practical issues of the engineering charac-
ter, which are usually neglected when this problem is being discussed.

THE CHARACTER OF A DEEP-SEATED REPOSITORY

A deep-seated repository of high-level radioactive nuclear waste is
a special facility the function of which must be guaranteed within a time
horizon of thousands of years. The development of the technology of storing
of nuclear waste deep underground has been a long-term process. It integra-
tes many scientific and engineering disciplines. Engineering geology, geo-
technics and underground engineering are inseparable parts of this program.

Before the deposition to the deep-seated repository, radioactive waste is
deposited for several decades years to an interim storage facility, where its
radioactive power and the amount of heat which it produces decrease. The
activity decreasing with time and the reduced heat output facilitate the furt-

her handling of the nuclear waste.
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ALTERNATIVNI ZPUSOBY LIKVIDACE JADERNEHO ODPADU Only then does the definite depositing of the nuclear waste in deep-sea-
ted repository start.

The deep-seated repository may be built only in a suitable, highly stable
and homogeneous geological environment, at a depth about hundred meters
under the terrain surface. The protective function of the repository is provi-
ded by system of interrelated engineering and natural barriers.

V minulosti se uvazovalo i o jinych zpusobech likvidace. Napiiklad
vyneseni jaderného odpadu do meziplanetarnitho prostoru, ulozeni do
poldrnich ledovcu ¢i trvale zmrzlé pudy, nebo uloZzeni do dna ocednu.
Jednou z dalsich moZnosti bylo umisténi odpadi do extrémné hlubokych
vrta.

Dosud zkoumanou metodou je tak zvand transmutace. Jde o proces

prevedeni nékterych typu radioaktivnich izotopu na izotopy jiné. ALTERNATIVE METHODS OF NUCLEAR WASTE DISPOSAL.

Nebezpecné radionuklidy je tak moZno prevést na radionukleidy kratko- There were even other methods of disposal under consideration in the
dobé nebezpecné ¢i dokonce dplné stabilni. Technologicky vyvoj ukazu- past. For example, sending the nuclear waste to the interplanetary space,
je, Ze po prepracovani bude v budoucnosti pravdépodobné mozné nekte- burying it in polar icebergs, permafrost or damping it on the bottom of oce-
ré §tépné produkty po transmutaci ,,znovu® spdlit v jadernych reaktorech ans. One of the other options was depositing the waste in extremely deep
urcitého typu. shafts.

I kdyZ ale transmutace bude co nejicinnéjsi, vzdy jesté zbude urcité A method which has still been investigated is the so-called transmutation.
mnozstvi vysoce radioaktivniho odpadu. I ten se pak bude muset defini- It is a process of transmutation of some types of radioactive isotopes into
tivné zneskodnit standardni metodou. V pripadé tspesného vyvoje nékte- other isotopes. Dangerous radionuclides can be changed to short-lived dan-
ré z transmutacnich technologii by se ale problém konec¢né likvidace gerous radionuclides or even totally stable ones. The technological develop-
jaderného odpadu, diky zmenSeni jeho objemu transmutaci, mohl znacné ment shows that, after the transmutation (reprocessing), it will be possible to
technicky usnadnit. burn some fission products ‘again’ in a certain type of nuclear reactors.

Even though the transmutation will be as effective as possible, a certain
MOZNOST OPETOVNEHO VYUZITI JADERNEHO ODPADU amount of high-level radioactive waste will always remain. Even though

small, the remains must be disposed of using a standard method. In the case
of successful development of some of the transmutation technologies, the
problem of the definite disposal of nuclear waste could be technically much
easier to solve owing to the volume being reduced through the transmutati-

Béhem provozu jaderné elektrarny dochézi v reaktoru k podstatnym
zméndm ve sloZeni jaderného paliva. Nésledkem jaderné reakce se v ném
snizuje koncentrace $tépitelného U235 a nartistd mnoZstvi produkta $té-
peni, které jsou smési leh&ich, vétsinou radioaktivnich prvku s ruzné

dlouhou dobou polo€asu rozpadu. Soucasné se vytvéreji t€zké prvky on.
s vysokym podilem izotopl plutonia, neptunia a americia. Ty jsou vyso-
ce Zadio};.ktig/m’ s velice dlI())ulIl)}'/m poloéasrz:m rozpadu. ! ' THE POSSIBILITY OF RETRIEVAL OF NUCLEAR WASTE
Toto vyhotelé jaderné palivo jesté md asi Ctvrtinu z celkove vyuZitelné The nuclear waste composition significantly changes in the reactor during
energie, kterou méla pivodni surovina. Vieobecné se md za to, Ze tech- the operation of a nuclear power plant. As a result of the nuclear reaction,
nologicky pokrok umozni v budoucnosti jeho dalsi zpracovéni. Proto the content of fissible U235 diminishes and the amount of fission products
i podle Ceského atomového zdkona z roku 2002 neni vyhorelé palivo increases. The products are a mixture of lighter, mostly radioactive elements
v legislativnim smyslu povazovéno za odpad. with various length of the radioactive half-life. At the same time, heavy ele-
Proto se také hledaji zpusoby, jak radioaktivni odpady bezpecné ukla- ments with a high proportion of isotopes of plutonium, neptunium and ame-
dat tak, aby je bylo mozné po urcité dobé¢ z uloZisté znovu vyzvednout ricium originate. They are high-level radioactive, with a long decay period.
k novému zpracovani. Tak vznikl koncept tzv. reverzibilniho dloZiste. The spent fuel still has approximately one-fourth of the total available
energy of that which the original raw material had. In general, there is an
REVERZIBILNI HLUBINNE ULOZISTE JAKO INZENYRSKE assumption that technological development will make further processing of
PODZEMNI DILO the waste in the future possible. For that reason, even according to the Czech

‘Nuclear Code’ of 2002, spent nuclear fuel is not considered to be waste in
the legislative meaning of the word.

This is why such methods of safe disposal of radioactive waste are sear-
ched for which will allow us to retrieve the waste from the repository after
a certain time and reprocess it. This is why the so-called ‘reversible reposi-
tory” concept has originated.

Reverzibilni hlubinné tloZisté po urcité dobé, predpoklddd se okolo
400 let, umozni zpétné vyjmuti odpadu.

Reverzibilni hlubinné dlozi$té¢ ov§em znamend zdsadni zménu kon-
cepce v piistupu k ukladani jaderného odpadu. Ukolem klasického hlu-
binného tloZiste je vratit jaderny odpad tam, odkud byl piivodné vyjmut
a ,.homogenizovat“ jej znovu a nendvratné s horninovym prostfedim.
V reverzibilnim hlubinném dlozisti je jaderny odpad pouze dlouhodobé
uskladnén a pripraven k opétovnému vyjmuti k dodate¢nému zpracovani
v okamziku, kdy to pokrok védy a technologii efektivné umozni.

A REVERSIBLE DEEP-SEATED REPOSITORY AS AN
UNDERGROUND ENGINEERING STRUCTURE.

Reverzibilni hlubinné dloZisté je tudiz predev§im podzemni inZenyr- The reversible deep-seated repository must allow the retrieval of the
ské dilo se vSemi pozadavky, které na podzemni inZenyrské dilo klade- waste after a certain time, which is assumed to be approximately 400 years.
me. Jako podzemn{ inZenyrské dilo musi ov§em bezpecné fungovat niko- Naturally, the reversible deep-seated repository means a fundamental
liv pouze sto let, coZ je béZné pozadovand Zivotnost inZenyrskych staveb, change in the approach to the system of nuclear waste. The task of
ale fadové minimdlné stovky let. a traditional deep-seated repository is to return nuclear waste to the envi-

Tento aspekt problematiky tloZist¢ jaderného odpadu zatim dostatec- ronment from which it was originally extracted and “re-homogenise” it in an
né zkoumdn nebyl ani u nés, a pokud je autorovi zndmo, tak ani nikde irreversible manner with the rock environment. Regarding the reversible
jinde ve svete. deep-seated repository, it is a long-term storage of nuclear waste and the

waste is ready to be removed and effectively reprocessed at the moment
ZAKLADNI PRINCIPY HLUBINNEHO ULOZISTE when the scientific and technological progress makes it possible.

The reversible deep-seated repository is, therefore, first of all an underg-
round engineering structure which must meet all requirements we impose on
any underground structure. Of course, as an underground facility, it must
safely function not only for one hundred years, which is the life length com-
monly required in the sphere of civil engineering structures, but for a time

Smyslem klasického hlubinného dloZisté je dlouhodobd izolace radio-
aktivnich odpadi od biosféry v Easovém obdobi, jeZ musi byt postacuji-
ci pro sniZeni jeho radiotoxicity na troven, kterd je jiz zanedbatelnym
ohroZenim Zivotniho prostredi. Dal§im dkolem je trvald homogenizace
s prirodnim horninovym prostiedim. Po zaplnéni a uzavieni hlubinného

uloziSté jiz nelze prijimat Zadné dalsi opatreni zajistujici ¢i korigujici jeho in the order of hundreds of years as a minimum. .
funkei. This aspect of the problems of the nuclear waste repository has not been
Spolehliv4 izolace radionuklidd je zajistovana systémem nékolika na sufficiently investigated yet, neither in the Czech Republic nor elsewhere in
the world.

sobé nezdvislych inZenyrskych i prirodnich bariér.
Systém inZenyrskych bariér je tvofen odolnou matrici samotného
odpadu, odolnym tloZznym kontejnerem, v ném?Z je jaderny odpad pre-

BASIC PRINCIPLES OF A DEEP-SEATED REPOSITORY

pravovén a uloZen, vhodnym izola¢nim a tlumicim materidlem obklopu- The purpose of a traditional deep-seated repository is to provide long-
jicim kontejnery v misté jeho uloZeni v uloZisti. Po umisténi vSech kon- term isolation of radioactive waste from the biosphere for a period of time
tejneru se podzemni prostory tloZisté véetné pristupovych chodeb zpét- which is sufficient for the waste radiotoxicity to be reduced to a level which
né uzaviou pomoci specialnich zdsypovych materialt. poses an already negligible threat to the environment. Another task is per-

Ty svymi vlastnostmi tvor{ dal${ inZzenyrskou bariéru. Posledni bariérou je manent homogenisation with the rock environment. Once the deep-seated
samotnd hostitelskd horninova struktura v bezprostrednim okol{ dloZiste. repository has been filled up and closed, no subsequent measures securing
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Diky pfirodni bariéfe z hostitelského horninového prostredi
a dostate¢né hloubce hlubinného ulozist¢ pod povrchem terénu je zde
zajisténa dostate¢nd dlouhodobd ochrana proti v§em piipadnym budou-
cim geodynamickym i antropogennim vlivum.

ELIMINACE RIZIK HLUBINNEHO UKLADANI JADERNEHO
ODPADU

Rozhodujicim Cinitelem bezpecnosti jsou zde predevsim dostate¢né
pomalé procesy degradace ochrannych a izola¢nich materidlt, pripadné
dostate¢né malé postupné negativni zmény hostitelského horninového
prostredi. Hlavni riziko spociva v piipadném pozvolném naru$ovani bari-
érovych funkef tlozisté. Pak by zejména diky podzemni vodé, ktera je
povazovana za hlavni mozné transportni médium, mohly uvolnéné radi-
onuklidy pomalu migrovat do biosféry a s velkym Casovym odstupem
pak ohrozit jak ¢lovéka, tak i Zivotni prostiedi.

Aby bezpecnost bariér hlubinného tlozisté byla dostate¢nd, vyzaduje
se, aby byly soucasné uplatnény tii zdkladni strategie ochrany:

* fyzickd izolace — izolace radionuklidd od okolniho prostredi,

e retardace tniku — oddalovani, branéni a zpomalovan{ uniku radio-

nuklidd, pokud k nému doslo,

* roziedéni — redukce koncentraci piipadné uniklych radionuklidu.

Biosféra a vzddlenéjsi horninové prostredi, které svymi vlastnostmi jiz
nesplnuji prisné pozadavky piirodn{ bariéry, tvoii okolni chranéné pro-
stiedi dlozného systému.

Na bariéry se uplatnuji tfi zdkladni funkéni pozadavky:

e ruzny mechanismus poruseni barier — funkce kazdé z navrZzenych
bariér mus{ byt zaloZena na jinych fyzikdlnich a chemickych princi-
pech. Kazda z bariér je pak ndchylnd na jiné poruSeni a k poruseni
kazdé z nich by muselo dojit rozdilngm mechanismem. Proto se
nestane, Ze by pri néjaké udalosti doslo k poruseni vSech ochrannych
bariér soucasne;

e dopliovéani ochrannych funkci bariér — jakékoliv poruseni funkce
jedné bariéry je nahrazeno funkci bariéry jiné;

* nezavislost bariér — poruSeni funkce jedné bariéry musi samo o sobé
co nejméné negativné ovlivnit funkci ostatnich bariér.

Takovy systém pak nemuze zhavarovat jako celek z jediného fyzikal-

niho divodu, napriklad v dusledku zemétiesent.

Fyzicka izolace

Nejvyznatnéj§i bezpecnostni funkci tGlozného systému je spolehlivé
izolovat radionuklidy od jejich bezprostredniho okoli, zejména pak od
hlavniho transportniho média podzemni vody.

Predevsim je tfeba branit pristupu podzemni vody do bezprostredni
blizkosti ulozeného jaderného odpadu, byt' v minimdlnich mnoZstvich.
Prvni bariérou je vlastni kontejner. Dals{ pak tlumi¢ ze zemin s vhodnymi
vlastnostmi. Tlumic¢ také udrzuje stabilni pozici kontejneru a brani pro-
niknuti podzemni vody s korozivnimi substancemi k jeho povrchu.
K izola¢ni funkci prispivaji také dalsi té€snici materidly a zejména hosti-
telskd hornina s poZadovanymi vlastnostmi. Ty tvori dalsi bariéry.
Retardace tliniku

Zpozdovéni piipadnych tniki radionuklidd pres izoladni bariéry je
zajisténo fyzikdlné-chemickymi procesy v samotnych izolacnich barié-
rach dlozného systému. Jejich cilem je co nejvetsi zpomaleni migrace
radionuklidu do biosféry, a tim také umoznéni dal§tho sniZeni radiotoxi-
city odpadu v ramci tlozného systému na droven neohroZujici ¢loveka
a Zivotn{ prostredi.

Jde o schopnost bariér diky svym fyzikdlné-chemickym vlastnostem
materidlu, ze kterych jsou tvoreny, zpomalovat uvoliiovéni radionuklidt
do podzemni vody.

Tteti funkci bariér hlubinného dloZisté je pripadné uniklé radionuklidy
v okolnim prostiedi rozptylit a roziedit do takové miry, aby jejich maxi-
madlni koncentrace, v niZ by mohly kontaktovat ¢lovéka, byly jiZ dosta-
te¢né malé. Tato funkce je predevs$im plnéna umisténim dlozisté do vhod-
ného prirozeného horninovém prostredi, které by v maximalni mife
umoZnilo dostatené rozptylovéani zbytka radionuklida proniknuvsich
pres ostatn{ bariéry.

HLUBINNE ULOZISTE JAKO PODZEMNI STAVBA

Kazdé hlubinné tlozisté, bez rozdilu zda se jednd o reverzibilni, ¢i
definitivni usporadant, je obrovskym komplexem podzemnich staveb. Ty
Ize podle jejich funkce rozdélit na:

e piistupové tunely a Sachty,

* podzemni obsluzny aredl,

e vlastni prostor GloZiste.

Tuel

or rectifying its function can be implemented.

The reliable isolation of radionuclides is provided by a system of several
engineering and natural barriers, which are independent of each other.

The system of civil engineering barriers consists of a rugged matrix for
the waste itself, a rugged container in which the nuclear waste is transpor-
ted and stocked, a proper insulating and absorbing material enclosing the
containers in their final positions at the repository. When the containers have
filled the repository, the underground spaces inclusive of all access galleri-
es are closed using special backfill materials.

Owing to their properties, these materials form another civil engineering
barrier. The last barrier is provided by the structure of the host rock itself,
which is in the close vicinity of the repository. The long-term protection
against all potential geodynamical and anthropogenic influences is provided
through the natural barrier formed by the host rock and the sufficient depth
of the deep-seating repository under the ground surface.

ELIMINATION OF THE RISKS OF DISPOSING NUCLEAR
WASTE AT GREAT DEPTH

Sufficiently slow processes of degradation of the materials used for the
protective and insulation casing and sufficiently small gradual negative
changes in the environment formed by the host rock are the deciding factor
in terms of the safety. The main risk is associated with the potential slow
process of deterioration of the barrier functions of the repository. The radio-
nuclides which would be released in such a case (first of all thanks to ground
water, which is considered to be the main potential transport medium) could
migrate to the biosphere and, after a long interval, threaten people and the
environment.

It is required with the aim of providing sufficient safety of the deep-sea-
ted repository barriers that the three fundamental protection strategies be
pursued simultaneously:

* physical isolation - the isolation of radionuclides from the surrounding

environment

* retardation of leakage - the putting off, prevention and retardation of
the leakage, if any has happened

* dilution - reduction of the concentration of the escape radionuclides, if
any.

The biosphere and more remote rock environment the properties of which
do not meet the strict requirements for the natural barrier form the surroun-
ding protected environment of the repository system.

The following three fundamental requirements are imposed for the func-
tions of the barriers:

e varying mechanisms of failure of the barriers — the function of each of
the designed barriers must be based on different physical and chemical
principles. Each of the barriers is then susceptible to different type of
failure and a failure of a particular barrier can be caused only by
a mechanism differing from all of the other mechanisms. It therefore
cannot happen that an event would cause a failure of all protective bar-
riers at the same time.

* substitution of the protective functions of the barriers — any function
which is damaged in one barrier is replaced by a function in another bar-
rier

* barrier independence — the fact that the function of one barrier is dama-
ged may negatively affect the functions of the other barriers as little as
possible

A system meeting the above requirements can never fail as a whole for
a single physical reason, for example as a result of an earthquake.

Physical isolation

The most significant safety function of the repository system is the reli-
able isolation of radionuclides from their closest surroundings, first of all
from the main transport medium, ground water.

First of all, ground water, even minimum amounts, must be prevented
from getting to the close vicinity of the nuclear waste stocked in the reposi-
tory. The first barrier is the container itself. The next barrier is a damper con-
sisting of soils with suitable properties. The damper also keeps the container
in a stable position and prevents ground water containing corrosive sub-
stances from penetrating to its surface. The insulating function is enhanced
also by other sealing materials and, above all, by the host rock exhibiting the
required properties. They represent other barriers.

Escape retardation

The retardation of contingent escape of radionuclides through the insulati-
on barriers is provided by physical-chemical processes in the insulation barri-
ers of the repository system themselves. Their aim is to retard the migration of
radionuclides into the biosphere and thus also to make further reduction in the
radiotoxicity of the waste (to a level which does not threaten people or the
environment) possible within the framework of the repository system.




Obr. 1 Priklad uspordddni hlubinného iiloZiste podle SKB 2001
Fig.1 An example of a deep-seated repository configuration according to
the SKB 2001

Piistup do podzemi muZe byt zajistén riznymi zpusoby. Vertikdlni
Sachtou o hloubce nékolika stovek metrd, tunelovou Sroubovici nebo
uklonénym tunelem o délce nékolika tisic metra. Tyto podzemni komu-
nikace budou slouzit k transportu kontejnert s radioaktivnim odpadem,
k zpé€tné dopravé vyrubané horniny a budou slouZit i pro prisun inZenyr-
skych materidld, pohyb persondlu a budou poskytovat prostor pro nezbyt-
nou podzemni infrastrukturu. Prurezovd plocha téchto inZenyrskych dél
bude minimdlné srovnatelnd s profilem jednokolejného Zelezni¢niho
tunelu ¢i tunelu metra. Profily téchto dalnich dél budou odvozeny
z potreby manipulace s kontejnery a z jejich velikosti. Kontejner se svymi
vlastnimi bariérami a dopravnim zafizenim je velikd nddoba priblizné
srovnatelnd s automobilovou nebo i Zelezni¢ni cisternou.

Podzemni obsluzny aredl se bude skladat z dalSich spojovacich tunelt
a nékolika kaveren pro technologické a socidlni zdzemi dloZisté, prijem
jaderného odpadu, likvidaci vlastnich odpadu tvofenych provozem ulo-
7i3té, prostoru potiebnych pro piipravu kontejnert. Soucdsti tohoto ared-
Iu musi byt také vyzkumné prostory a laboratore a centrum rozséhlého
komplexniho monitorovaciho systému.

Vlastni tloZisté je pak zpravidla navrhovdno jako systém rovnob¢z-
nych tunelt v jednom nebo v nékolika tloznych horizontech. Tyto tune-
ly mohou slouzit primo k ukldddni kontejnert s odpadem, nebo jsou
z nich ddle raZeny Sirokoprofilové dlozné vrty ¢i kaverny razného tvaru
a velikosti. Kontejnery mohou byt umistény ve vodorovné ¢i svislé polo-
ze, v fadach v jednom dlouhém vrtu, nebo jednotlivé v kratSich vrtech.
Névrh dloznych prostor se vétSinou lisi podle horninového typu a druhu
uklddaného odpadu.

Na obr. 2 jsou uvedena moznd usporaddni dloznych prostor.

Hioubka Ulozisté

Zéakladnim pozadavkem je, aby vlastni tdlozist¢ s kontejnery bylo
umisténo v takové hloubce, kterd trvale zajist{ dostate¢nou ochranu proti
geodynamickym sildm, jako jsou dlouhodoba eroze, zmény klimatu nebo
i proti nebezpe¢im, zpusobenym nezodpovédnym lidskym jedndnim, a to
béhem celé doby, kdy je odpad nebezpecny. Hloubka musi byt také
dostate¢nd pro vytvoreni dost dlouhé prusakové cesty (pfirodni bariéry),
aby byla dosaZena poZzadovand retardace a zfedéni radionuklidi. Na
druhé strané nesmi byt ohroZena jeho praktickd proveditelnost a celkova
bezpecnost. Proto se predpokladd budovat hlubinnd tloZi$té v hloubkdch
okolo 1000 m.

Rozméry provoznich prostor
Jak prumér, tak i thel mezi jednotlivymi tunely musi odpovidat
velikosti transportnich a uklddacich stroju (obr. 3), vlastnich dloZnych
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The issue in question is the ability of the barriers to retard, through the
physical-chemical properties of their materials, the process of the escaping
of radionuclides into ground water.

The third function of the deep-seated repository barriers is to disperse the
radionuclides which have contingently escaped and water them down to
a level at which the maximum concentration in which they might get into
contact with people is sufficiently low. This function is primarily fulfilled by
locating the repository into a suitable natural rock environment which would
make sufficient dispersion of the remaining radionuclides which have pene-
trated the other barriers possible.

A DEEP-SEATED REPOSITORY AS AN UNDERGROUND
STRUCTURE

Every deep-seated repository, no matter whether reversible or in the defi-
nite mode, is an extensive complex of underground structures. The structu-
res can be divided according to their functions as follows:

e access tunnels and shafts

* an underground technical services area

* the space of the repository itself

The access to the underground can be provided in various ways. It can be
either through a several hundred metre deep vertical shaft or a several thou-
sand metres long spiral tunnel or inclined tunnel. Those underground roads
will be used for the transportation of containers with the radioactive waste
and transport of the muck on the way back; they will also be used for supp-
lies of engineering materials, movement of personnel and will provide the
space for the underground infrastructure which will be necessary. The cross
sectional area of these structures will be at least comparable with the profi-
le of a single-track railway tunnel or a metro tunnel. Profiles of these mining
workings will be derived from the needs of handling the containers and their
dimensions. The container with its own barriers and transport equipment is
a big vessel, approximately comparable with a tank on a lorry or a rail car.

The underground services area will consist of other connecting tunnels
and several caverns for the technical equipment and social back-up area,
inbound material reception, nuclear waste reception, disposal of the waste
produced by the operation of the repository and spaces required for the pre-
paration of containers. The underground services area must also contain
research spaces, laboratories and an extensive centre for a comprehensive
monitoring system.

The repository itself is usually designed as a system of parallel tunnels on
one or several storage levels. These tunnels may be used directly for the sto-
rage of the containers with waste, or large-profile storage shafts or caverns of
various shape and size are driven from them. The containers may be stocked
in a horizontal or vertical position, in lines inside one long borehole (shaft)
or individually in a shorter shaft. The design of the storage spaces usually dif-
fers, depending on the rock type and the kind of the waste to be stored.

Fig. 2 presents possible configurations of storage spaces.

Repository depth

The fundamental requirement is that the repository part with containers
itself be located at such a depth which will permanently secure sufficient
protection against geodynamical forces, such as long-term erosion, climatic
changes, or even against dangers caused by irresponsible human behaviour,
throughout the whole period for which the waste is dangerous. The depth
must also be sufficient for the formation of a sufficiently long seepage path
(the natural barrier) so that the required retardation and watering down of the
radionuclides is achieved. On the other hand, the practical viability and ove-
rall safety of the repository must not be threatened. For that reason the depth
assumed for the construction of deep-seated repositories is approximately
1,000m.

Dimensions of the operating spaces

The diameters of the tunnels and the angles between individual tunnels
must correspond to the sizes of the transport and stocking machines and
other equipment (see Fig. 3), the waste containers themselves, radiation shi-
elds and to the traffic requirements (radii of curves, vertical clearance for
cranes etc.). In addition, the dimensions of the operating tunnels must be
adjusted to the needs of the mining operations, closing of the storage caverns
and other operating activities. When designing dimensions of the underg-
round spaces, the designer must take into consideration the requirements for
the rock disturbance zone around the excavated opening, long-term stabili-
ty and technological viability of the excavation.

Dimensions of the storage spaces

The dimensions of the spaces for the definite storage of containers (shafts,
caverns, tunnels) will depend on the size of the containers with waste, the
required thickness of the damping material and, contingently, a reserve space
between the container and the surrounding rock. The thickness of the damper
is derived from the barrier functions it is required to fulfil (mechanical



16. rocnik - €. 3/2007

Vypln z bentonitu a
drcené horniny
Bentonite and crushed
rock filling

4000

Kontejner s odpadem
A container with the
waste

7833

Bentonit — Bentonite

:

Zdkladna - Basis

Rozméry v mm

ey -l ® 1050
imensions in mm
ﬂ] be— i@ 1750

Obr. 2 Mozné varianty pozice iloZnych vrtii. SKB 1999
Fig. 2 Possible variants of storage shafts. SKB 1999

kontejnert, radiatnich §titd a jinych zafizeni a dopravnim pozadavkum
(poloméry zatacek, vyska na jefdby atp.). Stejné tak museji byt rozméry
provoznich tunelt pfizpisobeny prostoru nutnému pro razici préace, uza-
virani dloznych kaveren a jinym provoznim aktivitim. Pfi navrhu roz-
mért podzemnich prostor se musi vzit v dvahu poZadavky na co nejmen-
§1 vznik z6ény poruseni kolem horniny vyrubu dlouhodobou stabilitou
a technologickou proveditelnost vyrubu.

Rozmeéry uloznych prostor

Rozméry prostor pro kone¢né uloZeni kontejneru (vrtu, kaveren, tune-
1) budou ddny velikosti kontejnera s odpadem, pozadovanou mocnosti
tlumiciho materidlu a pripadnym rezervnim prostorem mezi kontejne-
rem, tlumi¢em a okolni horninou. Mocnost tlumice je odvozena od jeho
poZzadovanych bariérovych funkci. Témi jsou mechanickd ochrana kon-
tejneru, izola¢ni funkce, odvod tepla nebo retardace transportu radionuk-
lidu.

Kontejner s odpadem musi byt také umistén dostatené daleko od
moZné z6ny poruiené horniny v dusledku provadéni vyrubu nebo jinych
prirozenych poruchovych zén. Dostate¢nd mocnost horniny a tlumice
pak musi také zajistit radiaéni ochranu pracovnika.

Vzdalenost mezi GloZznymi kontejnery

Vzdjemné geometrické usporddani kontejnert s odpadem, a tim také
uloznych prostor, musi kromé jiného zajistit, aby teplo generované ulo-
Zenym odpadem v poli blizkych i vzdilenych interakei negativné neo-
hrozilo vlastnosti okolntho horninového materialu a s tim i dlouhodobou
funk&nost dloZiste. Rozmisténi dloznych tunel a vzdalenost mezi jedno-
tlivymi kontejnery je proto urcena tak, aby nebyla dosaZena urcitd limit-
ni teplota v rdmci jednotlivych prvka dlozného systému.

Rozmisténi dloznych tunelt a jejich vzdélenosti musi byt také takové,
aby nedochédzelo k vzdjemnému spoluptsobeni oblasti prerozdéleni
napéti v okoli jednotlivych vyruba, kterd je vysledkem jejich vyraZeni
v pivodni neporuSené horning.

TuoufHel

protection of the container, the isolating function, abstraction of heat or retar-
dation of the transport of radionuclides).

The container with waste must be stocked at a sufficient distance from the
zone potentially disturbed by the excavation operations or other natural dis-
turbance zones. The thickness of the rock and the damper must be sufficient
to provide radiation protection of the personnel.

The spacing between the containers

The design of the geometrical configuration of the containers with waste
and thus also the configuration of the storage spaces must secure that the
heat generated by the stocked waste in the field of close and remote inter-
actions does not negatively affect the properties of the surrounding rock
mass and, through this effect, the long-term functionality of the repository.
The design of the lay-out of the storage tunnels and the spacing between the
individual containers must, therefore, secure that a certain limit temperatu-
re is not reached within the framework of the individual elements of the
repository.

The lay-out of storage tunnels must also prevent interaction among the
regions of re-distribution of stresses around the individual excavated ope-
nings, which takes place as a result of the excavation of the openings
through the original undisturbed rock mass.

UNDERGROUND REPOSITORY CONSTRUCTION

The construction of any extensive complex of underground structures,
such as pump storage schemes (e.g. Dlouhé Strdné) or gas storage facilities
(Pfibram) represents very demanding civil engineering work, not only in
terms of the construction technique, but also in terms of the equipment,
logistics and organisation. Even the project funding system and the relating
construction schedule are important.

This applies even multiply to a deep-seated repository of nuclear waste.
There will be many additional specific problems which will have to be sol-
ved in the case of the deep-seated repository.

For example, the decision will have to be made whether the repository
facility will be built in a single phase or step-by-step, during the course of
its filling with nuclear waste. Such a decision will require the knowledge of
the dimensions and shape of the specified host rock environment, the total
amount of the nuclear waste to be stored, the time for which it will be sto-
red and, of course, the space within the repository itself which will be requ-
ired for the storage of the containers with waste. The decision must be made
consistently with the coherent long-term national energy policy and the sys-
tem of its funding.

Regarding the underground excavation technique, there will be enormous
requirements for the disturbance of the rock mass by the excavation opera-
tions in the area of the repository itself to be minimised to the lowest pos-
sible level. The possibility of blasting operations will be entirely excluded;
all excavation work will be carried out by special mining machines.
Purpose-built machines will be necessary with respect to the complicated
layout of the whole complex of underground workings; they will have to be
capable of continuously changing the direction (the excavation of spirals or
galleries on curves with relatively small radii) or changing the diameter of
the tunnel in a single step. Special drilling equipment will be necessary for
the drilling of large-diameter boreholes (shafts) in various directions from
within the excavated openings. The problem of mucking out will remain to
be a standard problem of underground excavation.

Obr. 3 Stroje pro ukladdni kontejnerii s jadernym odpadem. Tlamsa 2003
Fig. 3 Machines used for the putting of containers with nuclear waste in
place. Tlamsa 2003




VYSTAVBA PODZEMNIHO ULOZISTE

Vystavba kazdého rozsdhlého komplexu podzemnich dél, jako jsou
preCerpavaci elektrarny (napr. Dlouhé strdné) nebo plynové zdsobni-
ky (Pfibram), predstavuje velmi naro¢né inZenyrské dilo nejen
z technického, ale i technologického, logistického a organizacniho
pohledu. Sviij vyznam zde md i zpusob financovani stavby a s tim
souvisejici ¢asovy plan vystavby.

U hlubinného tlozist¢ jaderného odpadu to plati nékolikandsobneé.
U néj ale bude tfeba navic fesit fadu specifickych problému.

Napriklad bude tfeba rozhodnout, zda se tloZzisté vybuduje najednou,
anebo postupné v prubéhu jeho zavédzeni jadernym odpadem.

K takovému rozhodnuti bude tfeba znét velikost a tvar vymezeného
hostitelského horninového prostredi, celkové mnoZstvi jaderného odpadu,
které bude uklddano, dobu, po kterou se bude uklddat, a samoziejmé pro-
stor ve vlastnim dloZisti nutny na vlastni uloZeni kontejnera s vyhorelym
palivem. Rozhodnut{ musi byt u¢inéno v rdmci promyslené a dlouhodobé
ndrodni energetické politiky a zpusobu jejiho financovéni.

Pokud se tyka vlastn{ technologie raZeb podzemnich dél, tak v prostoru
vlastniho dlozisté budou enormni poZadavky na co nejmensi rozruseni
horninového masivu vlastni razbou. PouZiti trhavin bude zcela vylouce-
né. Pouzivany budou vyhradné specidlnf razici stroje. S ohledem na slo-
Zité geometrické usporddéni celého komplexu podzemnich dél pujde
0 zvl4§t navrzené mechanismy, schopné bud pribéZné ménit smér razby
(razba Sroubovic nebo chodeb o pomérné malém poloméru), anebo stro-
ju schopnych ménit jednordzové pramér razeného dila. Ve vyrazenych
prostorech bude nutné pouzivat specidlni technologii k provadéni velko-
rozmérovych vrtu raznych sméra. Problém dopravy rubaniny zlstane
standardnim problémem razby v podzemi.

V Ceské republice v obdobi 1995 az 1998 byla vybudovéna stavba,
kterd je svymi parametry plné srovnatelnd s ve svéteé projektovanymi hlu-
binnymi tdlozisti jaderného odpadu.

Jednd se o podzemni zdsobnik plynu Hdje u Pfibrami. Geometricky
je tato stavba témér identickd s prototypy hlubinného tloZisté (viz.
obr. 4).

Byl razen v hloubce cca 1000 m pod povrchem v granitoidech. Jimacimi
prostorami zasobniku je sit’paralelnich $tol — cekem asi 100, 0 praméru cca
3,5 m v osové vzddlenosti 15 m. Jejich celkovad délka dosahla 45 km na
plose 1,5 km?. Objem vyrubanych prostor v misté zdsobniku je 620 000 m?>.
V prabéhu vystavby probihaly préce aZ na 18 Celbach. Vystavbé predcha-
zel podrobny geotechnicky pruzkum, ktery pokratoval i béhem raZeb rea-
lizaci celé fady specifickych polnich méreni.

Ty byly zaméfeny predevsim na pivodni napjatost, vodopropustnost
a plynopropustnost horninového masivu v misté zdsobniku.

Zésobnik je jiz nékolik let v Gspé$ném provozu a prokdzal tak dplnou
schopnost Ceskych geotechnikil a stavbaru realizovat dila, kterd jsou
svymi parametry s hlubinnymi zdsobniky zcela srovnatelnd.

Specifika jednorazového vybudovani GloZisté

V piipadé jednorazové vybudovaného tlozist¢ bude nutné cely roz-
sahly komplex podzemnich staveb udrZovat funkéni az do okamzZiku
definitivniho uzavfeni. Pfitom v jedné jeho &dsti bude dochézet
k postupnému ukldddni odpadu a naslednému budovani inZenyrskych
bariér pro jeho izolaci. Pujde o sloZity technologicky proces s pritomnosti
lidského Cinitele a s pouZitim slozité technologie. Kromé toho pujde
o obrovskou jednordzovou financni investici na vybudovéni celého kom-
plexu potfizeného v pomérné kritké dobé. Dobu nésledného zavazeni
jadernym odpadem je mozno odhadovat na mnoho desitek let. UloZisté
samotné je mozno vyrubat za dekddu jedinou. Vyhodou je, Ze nebude
nutné sméSovat proces razeb a budovani uloZisté s jeho provozem
a zavdzenim odpadem. Nevyhoda na druhé strané bude ta, ze ndklady na
vybudovani bude tfeba vynaloZit najednou a budou i vétsi ndklady na
delsi ddrzbu ,,provozuschopnosti® celého tloziste po delsi dobu.

Specifika postupného budovani tlozisté

Druhou moZnosti je, Ze tloZist¢ bude soucasné budovdno i zavézeno.
Spolu s razbami tdloZist¢ bude probihat i jeho postupné zavdZzeni odpa-
dem. Tento zpusob bude mit zdsadni vyhodu rozloZeni financovén{
vystavby do del§i doby. Vyhodou budou i podstatné mensi ,,aktudlni
vyrubané prostory, které bude tfeba udrzovat podle banskych vyhldsek
pred jejich definitivnim uzavfenim a zavezenim po relativné kratsi dobu.
Bude ale nutné navic fesit problém s kontrolou bezpe¢nosti rubaniny
v predchazejicim piipadé.

Tvorba inZenyrskych barier v galeriich, kde budou uloZeny vlastni
kontejnery, predstavuje specificky technologicky proces s ndro¢nou
dopravou materidlu a jeho zpracovdnim. To vSe se bude odehrdvat
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Obr. 4 Podzemni zdsobnik plynu Hdje u Pribrami. Rozsypal 2002
Fig.4 The underground gas storage facility at Hdje near Pribram. Rozsypal 2002

In 1995 — 1998, the Czech Republic saw a construction which is, through
its parameters, fully comparable with deep-seated repositories of nuclear
waste designed in the world, namely the underground gas storage facility at
Hije near Piibram.

In terms of the configuration, this construction is nearly identical with
prototypes of an underground repository — see. Fig. 4.

The storage facility was excavated through granitic rock, at a depth of
about 1,000m under the ground surface. The receiving space of the facility
consists of a network of parallel tunnels — about 100 in total, with the dia-
meter of about 3.5m, with the distance between centres of 15m. The aggre-
gate length of the tunnels reached 45km and the ground plan area amounted
to 1.5km?. The total volume of the excavated openings at the storage facili-
ty location is 620,000 m?. The maximum number of simultaneously running
headings was 18. A detailed geotechnical survey was conducted prior to the
commencement of the construction. It continued even during the course of
the excavation, carrying out numbers of specific field measurements.

The measurements were focused first of all on the original state of stress
and the permeability of the rock mass in the storage location for water and gas.

The storage facility has been successfully operating for several years. It
has thus proven the perfect ability of Czech geotechnicians and builders to
implement projects which can, in terms of their parameters, fully compare
with deep-seated repositories.

Specifics of the uniphase construction of the repository.

In the case of the repository built in a single phase, the whole extensive
complex of underground structures will have to be maintained functional
until it is once for all closed. In so doing, the process of gradual storing of
the waste will take place in one of its parts, which will be followed by the
construction of the civil engineering barriers to isolate this part. It will be
a complicated engineering process comprising the presence of the human
factor and application of complicated techniques. In addition, it will be
a huge, non-recurring capital investment in the entire complex, which will
be constructed within a relatively short time period. The duration of the sub-
sequent filling with the waste can be estimated to many decades. The exca-
vation for the repository itself can be completed in a single decade. The
advantage is that the process of excavation and construction of the reposito-
ry will not have to be mixed with the operation of the facility and filling it
with the waste. On the other hand, there will be a disadvantage: the con-
struction costs will have to be incurred at one pass and the cost of maintai-
ning the repository operable will be higher because of the longer time of exi-
stence of the whole facility.

Specifics of the stepwise construction of the repository.
The other option is the system in which the repository is built and filled
with the waste simultaneously. The gradual filling with waste will take place
concurrently with the excavation for new repository spaces. The principal
advantage of this system will be that the funding for the construction will be
spread over a longer time period. Another advantage will be the fact that the
extent of “topically” excavated spaces which will have to be maintained
according to the requirements of mining regulations until they are filled and
definitely closed will be smaller and the duration of the maintenance will be
shorter. On the other hand, there will be a new problem of checking on the
effects of irradiation on the muck. The negotiations concerning the stockpi-
ling of the muck will be probably more difficult than in the previous case.
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v rizikovém prostoru z hlediska ozéreni persondlu. Tento proces bude
nutno sladit s vlastnim zavdZenim kontejnerti na mista uréeni.

Specifika reverzibilniho ulozisté

U reverzibilniho dlozisté, ve kterém musi byt k uloZenému odpadu
zajistén zpétny pristup po nékolika stech letech, vyvstavaji dalsi dosud
nefeSené problémy. Predev§im s udrZovdnim pfistupovych tunelu
a Sachet a souvisejicich technologif a funkénosti bezpe¢nostnich zafizen{
po tak dlouhou dobu. ZkuSenost ukazuje, Ze trvanlivost betonu ocele
a pouzitych technologii po nékolika desitkéch let je problematickd. Rese-
ni tohoto problému dnes nenf jasné. Tato otdzka se tykd hlavné pristupo-
vych Sachet a tunell a obsluZnych kaveren. Zjevné je jen to, Ze to nebu-
de jednoduché ani levné. Provadéni praci hornickym zptsobem pii vyji-
mani n€kolik set let uloZeného odpadu pii prekondvani diive vybudova-
nych inZenyrskych bariér (zejména tlumicu, zdsypovych materialt, ben-
tonitovych §titd atp., které mohly byt vice ¢ méné dotleny zdfenim
v prubéhu minulych nékolika set let) bude velmi rizikové. Pfislugné tech-
nologie dnes nejsou zndmé ani nejsou dostate¢né studovany. Nenf zfej-
mé, jak se bude zachdzet s takovym rozruSenym materidlem inZenyr-
skych bariér, jak se bude uklddat, kde a za jakych podminek.

RIZIKO TECHNOLOGICKEHO NARUSENI VLASTNOST/
PRIRODNI BARIERY HORNINOVEHO PROSTREDI
V PRUBEHU RAZEB

Jednim z velkych problému vystavby tunelu vlastnich dloZnych pro-
stor je, Ze v prubéhu jejich razby muZze v dusledku redistribuce napéti
v okoli vyrubu dojit ke vzniku oblasti, kde pfirozené hydraulické
a mechanické vlastnosti horniny jsou naruSeny — takzvané EDZ
(Excavation Disturbed Zone) /Emsley et al., 1997/, /Siguhara, 1999/.
Tato z6na muZe predstavovat mechanicky oslabenou oblast a moZnost
pro snadnéjsi migraci z kontejnert uniklych radionuklidd, coZ by zna-
menalo riziko ohroZeni dlouhodobé bezpecnosti. VyuZitelnost ziize-
nych vyruba pro uklddani radioaktivniho odpadu s takovymi oblastmi
by byla sniZena.

Vznik, rozsah a charakter EDZ zdvisi na parametrech hostitelského
horninového prostredi, jako je stav jeho pivodni napjatosti, jeho struk-
turné-mechanické vlastnosti, déle na faktorech souvisejicich s technickou
koncepci a vlastni vystavbou tloZisté (technologie a postup razby, vzd-
jemnd orientace a geometrie raZenych tunelt apod.).

Experimenty v nékterych podzemnich laboratofich v podminkach
vysokého puvodniho napéti horninového masivu prokazaly, Ze kolem
vyrubanych tuneli ke vzniku takové zny zvySené permeability skutec-
né doslo. /Fairhurst, 1999/, /Emsley et al., 1997/.

Cilem téchto experimenti bylo pfimé srovndvani vlastnosti
a podminek horninového prostredi pred a po vytvoreni podzemniho vyru-
bu. V pribéhu experimentalni razby a po jejim provedeni probihalo sle-
dovédni zmén vlastnosti a stavu horniny v razné vzddlenosti od stény
vyrubu. Vysledky se hodnotily i v z4vislosti na ¢ase, aby bylo mozné stu-
dovat progresivni vyvoj této zony.

Priklady pokusnych razeb

Napriklad v podzemni laboratori Grimsel se pro odhad vlivu jednotli-
vych faktora detailné zkoumala zéna naruSené horniny kolem tunelu
razeného pomoci trhavin.

Vyzkum zahrnoval detailni mapovani povrchu tunelu, strukturné-geo-
logické mapovéni orientovanych vrtnych jader a stén vrtu, analyzu puk-
lin a mikrostrukturni analyzu. Orientace a velikost napéti v ruzné vzdale-
nosti od stény vyrubu se méfila pomoci odleh¢ovaci metody. Odhad roz-
sahu z6ny mechanického poruseni se provadél pomoci méreni rychlosti
smykovych seismickych vin mezi jednotlivymi vrty v rizné vzddlenosti
od povrchu vyrubu. Vliv vyraznych puklin byl v jednotlivych vrtech zjis-
tovan pomoci sonického méfeni. K ureni prostorové distribuce permea-
bility horniny, pro charakterizaci jednoduchych otevienych puklin
v razné vzdalenosti od stény vyrubu a pro ureni propojenosti systému
puklin byly provadény hydraulické, pneumatické a stopovaci testy. Pro
provadéni téchto zkouSek byly vyvinuty specidlni povrchové pakry
a systémy pakrQ pro méfeni permeability ve vrtech pro tenké zény hor-
niny — takzvany ,,Modular Mini-Packer Systém — MMPS*“ / NAGRA,
1996/.

Vrtnd jadra a mefeni ve vrtech blizkého okoli tunelu indikovala z6nu
razbou poruSené horniny s noveé vzniklymi puklinami do hloubky az
okolo 0,3 m. Vzhledem k zji§ténému napéti a pevnosti horniny se overi-
lo, Ze sekunddrné vzniklé pukliny byly zpUisobené destruktivnim zpuso-
bem razby pomoci trhavin a nejsou ndsledkem bézné redistribuce pri-
madrniho napéti okolo vyrubu. Hodnoty rychlosti seismickych vin byly
vyznamné mensi v bezprostredni blizkosti stény tunelu. S ohledem na
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The creation of civil engineering barriers in the galleries where the con-
tainers will be stocked represents a specific technological process with com-
plicated transport of the material and its processing. All of that will take
place in the space which will be risky in terms of the irradiation of the per-
sonnel. This process will have to be brought into harmony with the transport
of the containers to their destinations.

Sbecifics of the reversible repository

Other problems emerge, which have not been solved yet, regarding the
reversible repository, where the access to the stocked waste must be possible
after several hundred years. The problems are associated, above all, with the
necessity to maintain the access tunnels and shafts and the related equipment
and to keep the safety equipment functioning for such the long time. The
experience shows that the durability of concrete, steel and equipment measu-
red in tens of years is problematic. It is not clear today how this problem will
be solved. This issue relates first of all to access shafts and tunnels and ser-
vice caverns. The only obvious thing is the fact that the solution is not going
to be simple or cheap. The work on the removal of the waste after several
hundred years of its storing will be executed by mining methods. The previ-
ously built civil engineering barriers (namely the dampers, backfill materials,
bentonite shields etc., which may have been more or less affected by radiati-
on during the previous several hundred years) will have to be overcome
during the work. This work will be very risky. The respective technologies
and techniques are today unknown and are not being sufficiently studied. It
is not clear how such a disintegrated material of the civil engineering barri-
ers will be handled, how it will be disposed of and under which conditions.

THE RISK OF DISTURBING THE PROPERTIES OF THE
NATURAL BARRIER PROVIDED BY THE ROCK
ENVIRONMENT DURING THE UNDERGROUND EXCAVATION.

One of the major problems of the construction of tunnels providing the
storage spaces is the fact that zones (the so-called Excavation Disturbed
Zones, EDZs /Emsley et al, 1997/, /Siguhara, 1999/ ) where natural hydrau-
lic and mechanical properties of the rock mass may be disturbed during the
excavation due to the redistribution of stresses in the vicinity of the exca-
vated openings. Such a zone may represent a mechanically weakened zone
and a possibility of easier migration of the radionuclides escaping from the
containers. Such an event would mean an additional threat to the long-term
safety. The usability of the excavated openings for the storage of radioacti-
ve waste would be reduced.

The origination, extent and character of an EDZ depend on the parameters
of the host rock mass, such as the original state of stress, structural and mecha-
nical properties and, further, on factors associated with the civil engineering
concept and the construction of the repository (the means and methods of the
excavation, relative positions and geometry of the mined tunnels etc.).

Experiments which were carried out in some underground laboratories in
the conditions of high original stress in the rock mass proved that such the
increased permeability zones really originated around excavated openings.
[Fairhurst, 1999/, /Emsley et al., 1997/.

The objective of these experiments was to directly compare the properti-
es and conditions of rock mass prior to and after the origination of an
underground opening. The changes in the properties and the condition of the
rock mass were monitored during the course of the experimental excavation
and after its completion, at various distances from the excavation wall. The
results were assessed even with the time aspect taken into consideration so
that the progress of the development of the zone could be studied.

Examples of the trial excavation

The underground laboratory Grimsel, for example, investigated
a disturbed rock zone around a tunnel driven by the drill-and-blast techni-
que, with the aim of estimating the influence of the individual factors.

The investigation comprised detailed mapping of the tunnel surface,
structural geological mapping of oriented cores and walls of boreholes, an
analysis of fissures and a microstructural analysis. The direction and mag-
nitude of the stress at various distances from the excavation wall were mea-
sured by the relieving method. The extent of the mechanically disturbed
zone was assessed by means of measurements of the velocity of shear seis-
mic waves between individual boreholes, which were carried out at various
distances from the excavated surface. The influence of major fissures was
determined in the boreholes by means of acoustic measurements. The 3D
distribution of the rock permeability, the character of simple open fissures at
various distances from the excavated surface and the interconnection of fis-
sures within the system were determined by hydraulic, pneumatic and tra-
cing tests. Special surface packers and systems of packers for the measure-
ments of permeability in the boreholes were developed for the testing in thin
rock zones — the so-called ‘Modular Mini-Packer System — MMPS*

INAGRA, 1996/.




*1E-12
1E-18
1E-18-1E-17
1E-18

LE-18

DONNN

Obr. 5 Model narusené zoény horniny v bezprostiednim okoli vyrubu z hlediska
zmeén propustnosti. Sénnke, Shao, 1997

Fig.5 A model of a disturbed rock zone in the close vicinity of the excavation,
in terms of changes in permeability. Sonnke, Shao, 1997

vysledky geofyzikdlniho méfeni byla zéna porusené horniny stanovena
na oblast pfiblizn¢ do hloubky 0,5 m. Oblast relativné vysoké permeabi-
lity se vyskytovala do vzdalenosti 0,5 m od stény tunelu. Vysokd perme-
abilita byla omezena pouze na oteviené sekunddrné vzniklé pukliny. Ve
vzdélenosti vétsi nez 0,5 m jiz byla permeabilita bez vyznamnéjsich
zmén. Stopovaci zkousky také prokdzaly hydraulickou propojenost
sekunddrné vzniklych puklin a prirozeného puklinového systému
/Sénnke, Shao, 1997/. Model zény s vy$si permeabilitou je na obr. 5.

V podzemni laboratofi Aspd bylo sledovdno naruSeni horniny
v zdvislosti na technologii razby /Stephansson, 1999/. V ramci experi-
mentu probéhla v hloubce 420 m razba dvou 25 m vzddlenych paralel-
nich tuneld. Jeden z tuneld byl raZen pomoci raziciho §titu o plném pro-
filu — TBM, druhy pak klasickou metodou s pouZitim trhavin.

Vznikld EDZ byla rozdélena na dvé ¢dsti. Na takzvanou oblast poru-
Seni, "damage zone". Ta je v bezprostredni blizkosti stény vyrubu a je
dominantni nevratnymi zménami vlastnosti horniny. Ty jsou zpusobené
vznikem puklin a trhlin v dusledku destruktivni technologie razby. Vné
této z6ny byla pak takzvand oblast naruseni, "distur-
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The drill cores and measurements in boreholes in the close vicinity of the
tunnel indicated the existence of a zone of rock disturbed by the excavation
operations, with newly developed cracks up to a depth of about 0.3m. It was
verified on the basis of the stress and strength of the rock mass determined
by the measurements that the secondary cracks resulted from the destructive
excavation method using blasting and they were not caused by common redi-
stribution of the primary stress around the excavation. The values of the seis-
mic wave velocities were significantly lower in the close vicinity of the tun-
nel surface. With respect to the results of the geophysical measurement, the
disturbed rock zone thickness was determined at 0.5m. The zone of relative-
ly high permeability was found to extend about 0.5m from the tunnel surfa-
ce. The high permeability was restricted only to open secondary fissures. The
permeability was without considerable changes at the distance exceeding
0.5m. The tracing tests also identified hydraulic interconnection between the
open secondary fissures and the natural fissure system /Sonnke, Shao, 1997/.
The model of the higher permeability zone is presented in Fig. 5.

The disturbance to rock mass in relation to the excavation technique was
investigated in the underground laboratory Aspé /Stephansson, 1999/. Two
parallel tunnels were excavated within the framework of the experiment at
a depth of 420m, with the distance between centres of 25m. One tunnel was
driven full-face using a TBM, the other was excavated using the traditional
drill-and-blast technique.

The EDS which originated was divided into two parts; the so-called
‘damage zone’ is in the close vicinity of the excavated surface. Irreversible
changes in the properties of the rock mass are caused by cracks and fissures
resulting from the destructive technique of excavation. The so-called ‘dis-
turbed zone’ is outside the damage zone. It is characterised by elastic defor-
mations and changes in the state of stress and saturation with ground water.
The influence of the differing excavation techniques on the character and
extent of the rock disturbance is demonstrated in Fig. 6.

A very small zone of changed rock condition around the excavation, with
the maximum range up to 2 — 3cm, was identified in the case of the use of the
TBM. Conversely, the zone of origination of cracks and fissures reached up
to 0.8m at the bottom and 0.3m on the side walls and in the crown of the tun-
nel mined by the drill-and-blast technique. The permeability in the damage
zone increased roughly by one order where explosives were used. The recor-
ded density of acoustic emissions was 10 times lower there than that recor-
ded where the TBM was used. It was demonstrated within the framework of
the above experiment that it is possible to minimise the disturbance to rock
by means of the selection of a proper excavation technique. /Emsley et al,
1997/.

The influence of the construction method on the quality of resulting exca-
vation was also studied in a research tunnel at Finish underground reposito-
ry Olkiluoto. Three vertical storage shafts, which were sunk using a special
cutter head (see Fig. 7), were assessed.

The objective of the studies was to determine the geometry, surface
roughness, mechanical properties and zones of disturbance of the granitic
rock in the vicinity of the storage shafts, which were sunk using
a considerate shaft sinking method. /Autio, 1997/.

The focus of attention is also the research in new methods of excavation
and drilling at great depths. The Litho-Jet Technology, which is based on
melting of rock, is being tried in the United States. A prototype of such equ-
ipment, which is being used for semi-operational tests in Los Alamos, is
shown in Fig. 8 . (Sekula et al., 2007)

bed zone". Pro ni jsou charakteristické elastické defor-
mace a zmeny stavu napéti a nasyceni podzemni
vodou. Vliv odli$né technologie razby na charakter
a rozsah naruseni horniny je ndzorné vidét na obr. 6.
V pripad¢ pouziti TBM byla kolem vyrubu zji§téna
jen velice mald oblast zmén stavu horniny. Maximalné
do rozsahu 2 — 3 cm. Naopak oblast vzniku puklin
a trhlin v prfipadé tunelu razeného pomoci trhavin
zasahovala az do 0,8 m na po¢vé a 0,3 m na sténdch
a kaloté tunelu. V z6éné poruseni pfi pouZiti trhavin
vzrostla pemeabilita horniny zhruba o jeden rad.
Zaznamenand hustota akustickych emis{ zde byla 10x
VEtsi nez pri pouziti TBM. V rdmci tohoto experimen-
tu se tak demonstrovala moznost minimalizace naru-

Konven¢ni razba
Traditional excavation

Razba TBM
TBM excavation
Zmény nezdvislé na zpusobu razby:
Changes independent of the
excavation technique:
® Prerozdéleni napjatosti
Re-distribution of stresses
® Nepritomnost vzniku mikrotrhlin
Absence of the development of
micro-fissures
® Jen malé zmeény propustnosti
Only minor changes in permeability
® Rychlost §ireni seismickych vin bez
meéfitelnych zmén — No measurable
changes in the velocity of propagation
of seismic waves

Seni horniny pomoci zvoleni vhodné technologie
razby /Emsley et al., 1997/.

Studium vlivu konstrukéni technologie pro kvalitu
zifzenych vyrubt probihalo také ve vyzkumném tune-
lu finského podpovrchového tlozisté Olkiluoto. Zde
bylo provddéno hodnoceni tif vertikdlnich dloZnych

® Trhliny vyvolané konvencni razbou — Blasting-induced cracks
® ZvétSend propustnost — Increased permeability
® SniZend rychlost Sifeni seismickych vin

Reduced velocity of propagation of seismic waves

® Mikrotrhliny vyvolané
razbou TBM
Micro-fissures induced by
the TBM excavation

Obr. 6 Oblast narusené horniny v zavislosti na ruznych technologiich razby. Emsley et al., 1997
Fig. 6 The zone of disturbed rock depending on various excavation techniques. Emsley et al., 1997
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vrta, které byly vytvofeny pomoci specidlniho raziciho $titu (obr. 7) plné-
ho profilu.

Cilem bylo studium geometrie, povrchové drsnosti, mechanickych
vlastnosti a z6n naruseni granitoidni horniny v okoli vrtu, pofizenych
touto specidlné vyvinutou Setrnou technologif vrtani /Autio, 1997/.

Predmétem zdjmu je také vyzkum novych zplsobu raZeni a vrtdni ve
velkych hloubkdch. Ve Spojenych stitech se zkousi technologie taveni
horniny ,,Litho-jet technology*. Prototyp takového zafizeni, se kterym
probihaji poloprovozni pokusy v Los Alamos je na obr. 8. (Sekula et al,
2007).

Zdrojem energie je elektricky odpor. Tavici hlava kuZelovitého tvaru je
z molybdenu. DosaZena tavici teplota je 1800 °C. V soucasné dobé se
vyviji prototyp TBM o praméru 12 m, zaloZeny na obdobném principu.

Jinou zajimavou a v soucasné dobé vyvijenou technologif je zafizeni
pracujici na principu rozdruZovani horniny paprskem plamene z horici
smési kysliku a vodiku. Pfi tomto zpUsobu vrtdni se horninovd tavenina
vtlacuje do okolni horniny. Pracuje se bez vyplachu a bez cementace vrt-
nych stén. Pokusy s touto technologii prokdzaly proveditelnost taveni
v hloubkédch 1000 m pod povrchem a vétsich a dsporu proti klasickému
vrtani v obdobnych podminkdch. (Bielecki 2007).

SPECIALNI GEOTECHNICKA PROBLEMATIKA SPOJENA
S BUDOVANIM HLUBINNYCH ULOZIST JADERNEHO ODPADU

Hostitelsky horninovy masiv je pred inZenyrskym zédsahem, ktery
predstavuje vybudovani hlubinného tloZisté se svym sloZitym systémem
podzemnich dél a zménami, které vyvodi uloZeny jaderny odpad, ve vice
méné stabilni rovnovéze. M4 své prirozené strukturné-mechanické vlast-
nosti, stav puvodniho napéti i teplotu. V puklindch pusobi na horninu tlak
podzemni vody.

Razba rozsahlych podzemnich prostor ve velké hloubce a nasledné
skladovén{ jaderného odpadu bude znamenat vyznamné zmény vuci jeho
puvodnimu stavu (zvySeni teploty, napéti, deformacni zmény, chemické
zmény). Tim vznikld nerovnovdha muZe v urCitych podminkach vést
k neprijatelnym deformacim horniny. V pripadé prekroceni jeji pevnosti
muze dojit i k mikroporuSeni horniny. Takové mechanické procesy se
mohou vyskytovat v ruznych mistech ¢asovych stadiich budovéni
a provozovani dlozisté. Budou razného charakteru, v jeho odlisnych par-
tifch (prostor dloznych vrtu, piistupové tunely, okolni horninové prostre-
di) a také budou zdviset na velikosti zasazeného objemu horninového
masivu, ve kterém bude ke zméndm dochdzet (vznik mikrotrhlin, puklin,
reaktivace poruchovych zon). Bude existovat nebezpeci deformaci bloka
intaktn{ horniny, vzniku novych puklin, pohybu na stavajicich diskontinu-
itdch nebo creepového chovéni v nékterych ¢astech hornin. Analyza kom-
plexniho vlivu téchto jednotlivych mechanickych procest na bezpednou
funkci dlozist€ a jeho bariér bude mit pro komplexni posouzeni dlouho-
dobé bezpecnosti dlozisté jako celku zdsadni vyznam.

Rozsah a intenzita procesu v horninovém masivu, které jsou odezvou
na budovdni a provoz dloZisté, zavisi na fadé geotechnickych podminek.
Zejména se jednd o:

» mechanické vlastnosti intaktni horniny a celého horninového masivu,

* charakteristiky a geometrie existujicich diskontinuit,

e stav primédrniho napéti v horniné,

head made of ™
*=nolybdenum - TN
oy e w Rt TR

Obr. 8 Technologie Litho-jet. Sekula et al., 2007
Fig.8 The Litho-Jet technology. Sekula et al., 2007

Obr. 7 Razici §tit ,,Cuther head“ pro svislé iilozné vrty. Tlamsa 2003
Fig.7 The vertical storage shafts sinking cutter head. Tlamsa 2003

Electrical resistance is the energy source. The melting head is conical,
made of molybdenum. The melting temperature of 1,800°C was reached.
A TBM 12m in diameter which is based on a similar principle is currently
being developed.

Another interesting technique which is currently being developed is equ-
ipment working on the principle of rock disintegration by a jet of flame pro-
vided by a burning mixture of oxygen and hydrogen. When this drilling met-
hod is used, the melted rock is forced into the surrounding rock. The opera-
tion is carried out without flushing and cementation of the borehole walls.
This technique trials proved that the melting is viable at depths of 1,000m
under the surface and greater and that savings are achieved compared with
traditional drilling under similar conditions. (Bielecki 2007).

SPECIAL GEOTECHNICAL PROBLEMS ASSOCIATED WITH
THE CONSTRUCTION OF DEEP-SEATED REPOSITORIES
OF NUCLEAR WASTE

Before a civil engineering intervention in the form of the construction of
a deep-seated repository with its complicated system of mine workings and
the changes which are caused by the stocked nuclear waste, a host rock mass
is in more or less stable equilibrium. It has its own natural structural and
mechanical properties, the original state of stress and temperature. The
ground water pressure acts on the rock mass in fissures.

The excavation of large underground spaces at a great depth and the sub-
sequent storage of nuclear waste will cause significant changes in its origi-
nal state (an increase in the temperature and stress, deformational changes,
chemical changes). The disequilibrium which results from these processes
may, under certain conditions, lead to unacceptable deformations of the rock
mass. When the rock strength is exceeded, a micro-failure of the rock mass
may follow. Such mechanical processes may take place at various points of
the stages of the development and operation of a repository. They will differ
in their character, will be different in different parts of the facility (the space
of storage shafts, access tunnels, surrounding rock environment) and will
also depend on the volume of the rock mass affected by the processes where
the changes will take place (the origination of micro-fissures, cracks, reacti-
vation of disturbance zones). There will be a risk of deformation of intact
rock blocks, development of new cracks, movements along the existing dis-
continuities or creep in some parts of the rock mass. The analysis of the
comprehensive impact of the above-mentioned processes on the safe functi-
oning of the repository and its barriers will be crucial for the complex
assessment of the long-term safety of the repository as a whole.

The extent and intensity of the processes in the rock mass which are
a response to the construction and operation of the repository depend on
a number of geotechnical conditions. In particular, we can name:

* mechanical properties of intact rock and the rock mass as a whole,

e characteristics and geometry of existing discontinuities,

e the primary state of stress in the rock mass

* the coefficient of thermal expansion of both the environment as a whole

and individual minerals
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* koeficient teplotni roztaZnosti prostfedi jako celku i jednotlivych
mineralu,

e teplotné transportni a hydraulické vlastnosti prostiedt,

e teplotni, hydrogeologické a chemické podminky prostredi,
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* properties of the environment in terms of the heat transfer and hydraulics
* hydrogeological, chemical and temperature conditions in the environment
* mineralogical composition of rocks

The only possibility to influence the natural characteristics of the rock

environment will be through the selection of the host location. On the other
hand, the factors associated with the civil engineering concept and imple-
mentation of a deep-seated repository project can be influenced simply by
adjustment of the overall design.

Special rock mechanics for repositories

The study into the impact of the heat generated by the nuclear waste stoc-
ked in the repository on mechanical properties of the rocks forming the host
environment is associated with absolutely new problems and approaches. It
is the matter of not only changes of the properties of in the rock mass but
also secondary growth in the stress due to the increasing temperature. (Stiu-
pérek, 2000).

The research into rock mechanics applied to the construction of deep-sea-
ted repositories is characterised by the investigation into the interrelations-
hips between the influences of temperature, thermal expansion, stress,
strength, deformation, permeability, chemical composition and chemical
stability of the host rock environment.

* mineralogické slozen{ hornin.

Prirozené charakteristiky horninového prostiedi bude mozné ovlivnit
pouze vybérem hostitelské lokality. Faktory spojené s technickou kon-
cepcf a realizaci hlubinného tlozisté vSak je mozné ovlivnit pravé vpra-
vou jeho celkového navrhu.

Specialni mechanika hornin a tlozisté

Studium vlivu tepla generovaného uloZenym jadernym odpadem na
mechanické vlastnosti hornin hostitelského horninového prostredi vyvo-
1dvé zcela nové otdzky a pristupy mechaniky hornin. Jde nejen o zménu
vlastnosti hornin, ale i o dodatedny vzrust napéti zpiisobeny zvySovanim
teploty (Stiuparek, 2000).

Pro vyzkum mechaniky hornin aplikované pro budovani hlubinnych
UloZi3t je charakteristické zkouméni vzdjemné provézanosti vlivu teploty,
teplotni roztaznosti, napéti, pevnosti, pretvoreni, propustnosti, chemické-
ho sloZeni i chemické stability hostitelského horninového prostredi.

Uzkd provézanost mezi témito Ciniteli znamend, Ze zména jednoho The fact that the above factors are closely interrelated means that
z uvedenych Ciniteld md za ndsledek vyznamnou zménu viech ostatnich a change in one of the factors results in significant changes in all of the other
Ciniteld. factors.

Vyzkum se proto zaméfuje na zdkladni vyzkum provédzanosti vyse The research is therefore focused on the basic research into the interrela-
uvedenych parametrii. VétSinou je provadén in situ v tak zvanych pod- tionships between the above-mentioned parameters. It is mostly carried out
zemnich laboratorich. Ty maji vyhodu, 7e se experimenty provadéji in situ, in so-called underground laboratories. The advantage of these labo-
v méfitku 1:1, na horninovém materidlu, ktery je témer identicky ratories is that they conduct full-scale experiments on the rock material
s predpoklddanym horninovym materidlem hostitelského prostiedi. which is nearly identical with the material which is anticipated to form the
Zv1astni pozornost se piitom vénuje i matematickému modelovani expe- host environment. Special attention is also paid to mathematical modelling
riment4lné zkoumanych jevil. of the experimentally investigated phenomena.

Konkrétni pfedmét vyzkumu mechaniky hornin z hlediska specific- The specific subject of the rock mechanips research associated witl_l th_e
kych potieb hlubinného loZisté se zméfuje na charakterizaci horninové- particular needs of deep-seated repositories is focused on the characterisati-
ho masivu hostitelského prostiedi, zejména na reologické vlastnosti hor- on of a rock mass forming the host environment, primarily on rheologic pro-
nin, na jejich porusovani teplem a na provazané piisobeni mechanickych, perties of rocks, rqck disturbance l?y heat, the combined action of mechani-
teplotnich chemickych a hydraulickych G&inké na chovani hornin. Dile cal, thermal, chemical and hydraullg effe_cts on the rock behaYlour, The rese-
se v§zkum zaméfuje na inZenyrské problémy (optimdlni tvar vyrubu, arch is furthpr focused on c1v1l'e'ngmeermg pfoble'ms (an optimum shape of
dlouhodob4 stabilita vyrubu, rozsah oblasti narusené razbou, vliv pfiro- the excavaF ion, long-term Stablm}f of the f:xcavzm\on support, th? ex't ent of
7ené seismicity na stabilitu). Velk§ v§znam mé v§voj matematickgch the zone 'dlsturbed k?y the excavation, the influence of natural seismism on
modelt. :hcea]str?]kglllgs). Great importance is attached to the development of mathema-

L 101 e xivs P . . . 1 .
déill?ir::i :} r\l,e%l((i)l;]t?tzelltselg;h l::f)rlnais;; ieé Isliagllo()\;f;leldrze‘f()til:;}l’i ; ‘;Yif;]fgo%r;g}; One }c])f the r}r}]ols; importapt areas is }tlhehdefiniti](()n of the metho.doll(q)g)é1 and
materidlech. ;Zsrezrré t]lqlz:t([)) ;Ciﬁ](])vr:;i r(i)al\swater 1n the host rock environment, in the dam-
mr?;éiﬁ/‘;“:{;‘;ﬂ?;iﬁgﬁggf:ﬂﬁtcﬁz sslla(;l(;;ég(e)lsrtrll; Zfoi‘;léegg ;)pvrf)l\lljal’llzamn?)lsi The research must cope with the fact that the volumes are very small, hyd-

» V€ ch qay, vel e c 1anost raulic gradients are very small, the times are very long and the characteris-
charakteristik proudéni vody s chemickymi, tepelnymi a mechanickymi tics of the water flow are interrelated with thermal and chemical effects.

Gcinky. The research is carried out first of all using experimental methods, in
Vyzkum je provadén predevsim experimentdlné v podzemnich labora- underground laboratories; it is focused primarily on the following topics:
torich a zaméfuje se hlavné na nésledujici témata: * the influence of increased pressure on permeability,
* vliv zvyseni tlaku na propustnost, * the influence of increased temperature on permeability,
* vliv zvySeni teploty na propustnost, e the inﬂuencsz of increas.ed temperature on changes in the pore pressure
e vliv zvySeni teploty na zménu pérového napéti a na mechanické and mechanical properties,
vlastnosti, * the influence of growing temperature on the closing of fissures,
* vliv oteplovan{ na uzaviran{ trhlin, * the influence of dessication on the development of cracks.
* vliv vysusovéni na vznik trhlin. Special attention is given‘ to mqthematical modelling of interrelated phe-
Zvlatni pozornosti se pak t&31 matematické modelovani provézanych | nomena. One of the hottest issues is the damaging of rock by the heat gene-
jeva. Jednim z nejoZehavéjSich problému je porusovéni hornin teplem rated by the stocked nuclear waste. The main focus is on the damaging of
generovanym uskladnénym jadernym odpadem. Zde se jednd piedeviim rpck Fiue to dlﬁerentl.al thermal expflpsloF of various mlner.dls Wh.ICh th@ Fogk
o0 porusovéni hornin vlivem nestejné teplotni roztaZznosti riznych mine- t(;?nlng tge h(zjstben\;llro}rllment consists o ,(;)n thirese‘lm}}:‘ 1nt(; MMICTO-SCISMIC
rélu, ze kterych je hornina hostitelského prostredi tvorena, vyzkum mik- etfects Induced by the heat generation and on the searching for proper mat-
S o o1 L i p hematical models for the description and studies of these phenomena.
roseismickych efektu vzniklych generovanim tepla a o hleddni vhodnych . . o .
S o . . < . o The optimum excavation technique is then sought on the basis of theore-
matematickych modelu pro popis a studium téchto jevu. . . . . . . N
. — . . e o o iy tical rock mechanics, using the results of the above-mentioned investigati-
Na bazi teoretické mechaniky hornin s vyuzitim vysledku vyse uvede- . o - . .
och vozkum ak hled4 zpdsob optimalnf technologic razby. Kroms ons. The topics of the investigations comprise, among others, the optimum
nyc h Vyé umu S,e p, Inf cda Zpu3(}) op 1Vm§1n1 e? rg)c oglle ra%h Y- il 9,131? spatial arrangement of the excavated openings within the host rock environ-
Jincho jde o optlma_ n prost_orove’ usporadant vyrubu v a,stm ou ,OZISEe ment, proper shape of the openings, proper directions of the excavation and
v hormnov§m masivu h:)stltelskeho pI‘OStI‘C.dl, owvhodny tvvar, Vymbu, the way toward as little damage to the rock mass around the excavation as
vhodnou orientaci vyrubu, a o cestu k co nejmensimu naruseni horniny possible.
okolo vﬁubu. . - . 5 . In terms of the long-term stability of the excavation of the access shafts
Z hlediska dlouhodobé stability vyrubu pristupovych Sachet a tunelu se and tunnels, special attention is devoted to long-term deterioration of rock
veénuje zvlastni pozornost dlouhodobé degradaci horniny kolem vyrubu

around excavated openings resulting from insufficient abstraction of heat,
vlivem nedostate¢ného odvéddeént tepla s prispénim tlakového spadu vody, with the addition of the hydraulic gradient, chemical and physical weathe-
chemického a fyzikdlniho zvétravani a tepelné zatéze.

ring and the thermal load.
Samostatnym problémem je vyzkum dlouhodobé tGcinnosti technolo- The research into the long-term effectiveness of means of excavation,
gickych prvkd, napriklad kotev a injektdZ{ cementové, chemické atp. such as anchors, cementitious or chemical grouts, etc., is a separate problem.
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SHRNUTI

1) Hlubinné podzemni ulozist¢ je dnes jedinou spolehlivou
a realizovatelnou moznosti zneSkodnovani jaderného paliva z jadernych
elektrdren.
desitek let v fadé zem{ svéta. Jednd se o koordinovanou ¢innost, kde nelze
ocekdvat efektivni vysledky bez provdzané mezinarodni spolupréce.

3) Dosavadni zkoumdni mé predev§im povahu zdkladniho vyzkumu zamé-
feného prednostné na mechanické vlastnosti materidld inZenyrskych
i prirodnich bariér, tvoficich systém podzemniho hlubinného uloZiste.
Dalsim cilem tohoto vyzkumu je formulace kritérif pouZitelnosti hostitel-
ského horninového prostiedi (vyhleddvani lokalit pro podzemni GloZiste).

4) Charakteristickym rysem vyzkumu je, Ze vlastnosti materidlu musi byt
zkoumdny provédzané za soucasného pusobenti ostatnich klicovych para-
metra, kterymi jsou predev§im teplota, napéti, propustnost, chemické
stabilita, pretvarnost, pevnost a velmi malé zmény téchto hodnot ve
velmi dlouhém case.

5) Vznik poZadavku na reverzibilni hlubinné tloZzi§t€ znamend zdsadni
zménu koncepce ukldddni jaderného odpadu. Pivodni koncept ,,nega-
tivntho dalniho dila“, které se po vyplnéni odpadem definitivné uzavie
v hlubiné zemské kury, je nahrazen konceptem inZenyrské podzemni
stavby, kterd musi umoznit po nékolika stech letech uloZeny odpad opét
vyjmout.

6) Vyzkum metod budovdni a provozu hlubinného uloZist¢ byl dosud
zaméfen zejména na stadium materidlovych vlastnosti inZenyrskych
i prirodnich materidla predev§im hostitelského prostiedi a jejich dlou-
hodobych zmén v podminkéch uloZisté.

7) Podstatné mensi pozornost byla bohuzel dosud vénovéana praktickym
inZenyrskym otdzkdm, spojenym s budovénim rozsahlych podzemnich
prostor v extrémnich hloubkédch a dlouhodobému udrzovéni takového
komplexu v bezpecné funkci.

8) S budovéanim hlubinného tloZi§té radioaktivnich odpada se v CR podi-
td v horizontu nékolika desitek let. InZenyrskd problematika, spojend
s vystavbou takového rozsdhlého komplexu podzemnich prostor, zna-
mend velkou vyzvu i prileZitost pro viechny nase subjekty zabyvajici se
podzemnim stavitelstvim.

DOC. ING.ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz,
STAVEBNI GEOLOGIE-GEOTECHNIKA, a. s.
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SUMMARY

1) A deep-seated underground repository is today the only reliable and viab-
le option for the disposal of nuclear waste from nuclear power plants.

2) The research into the methods of construction and operation of a deep-sea-
ted repository has been running for several decades worldwide, in
a number of countries. It is a coordinated activity, where no effective
results can be expected without well organised international collaboration.

3) The investigations to date have had, above all, the character of basic rese-
arch, which is preferably focused on mechanical properties of materials
of the engineering and natural barriers forming the deep-seated reposito-
ry system. Another objective of this research is to formulate the criteria
of usability of the host rock environment (identification of locations sui-
table for the underground repository).

4) A characteristic feature of the research is the fact that the material pro-
perties must be investigated in a cohesive way, with the other principal
parameters (primarily the temperature, stress, permeability, chemical sta-
bility, deformational properties, strength and minute changes in these
values with a very long time) acting concurrently.

5) The origination of a requirement for a deep-seated repository means
a fundamental change in the concept of nuclear waste disposal. The ori-
ginal concept of a ‘negative mine working’ which will be definitely sea-
led in the depths of the earth crust once it has been filled with the waste
is replaced by the concept of a civil engineering underground structure
which must allow the retrieval of the stored waste after several centuries.

6) The research into the methods of construction and operation of an underg-
round repository has been focused on material properties of engineering mate-
rials and natural materials, first of all those forming the host environment, and
their long-term changes under the conditions existing at the repository site.

7) Unfortunately, substantially less attention has been paid to the practical
civil engineering issues which are associated with the development of
extensive subsurface spaces at extreme depths and to the long-term main-
taining the functioning of such a facility safe.

8) The implementation of a deep-seated nuclear waste repository in the
Czech Republic is expected to start within a time horizon of several deca-
des. The civil engineering problems associated with the construction of
such an extensive system of subsurface spaces is a great challenge and
opportunity for all Czech subjects operating in the field of underground
engineering.
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ZMAHANI HAVAROVANEHO USEKU TUNELU BREZNO
RECOVERY OF A COLLAPSED SECTION OF THE BREZNO TUNNEL

MATOUS HILAR, VLADISLAV JOHN

1 0voD

Z duvodu postupu t€Zby hnédého uhli na povrchovém dole Libous bylo potfe-
ba prelozit Zelezni¢ni trat'na tseku Bfezno u Chomutova — Chomutov za hrani-
ce limitu tézby. Na trase stavby nové trati o délce 7,1 km bylo nutné vybudovat
i jednokolejny Zelezni¢ni tunel o celkové délce 1758 m.

Tunel s nadlozim do 30 m byl raZen ve velmi obtiznych geologickych pod-
minkéch, které zahrnovaly prevazné zna¢né plastické jily a jilovce. Hladky
povrch &etnych diskontinuit zptsoboval nizkou stabilitu oblasti nevystrojeného
vyrubu. Dal§fm vyznamnym faktorem bylo ovlivnéni masivu v oblasti portdla
predchozi daln{ &innosti. Pokryvné ttvary (Stérkopisky) zasahovaly do hloubky
cca 6 m.

Stavba tunelu zacala v roce 2000 pomoci metody obvodového vrubu
s predklenbou (MOVP). V roce 2003 po vyrazeni 860 m tunelu nasta-
la mimorddnd udalost (obr. 1), pii které doslo k fetézové ztrité stability fady
predkleneb o délce 77 m. DalSich 44 m tunelu bylo vyplnéno zdvalovym mate-
ridlem.

Uvazovand technickd feSeni sanace zdvalu zahrnovala otevienou stavebn{
jdmu, Sachty, zmdhdni hornickym zpusobem a kombinace téchto metod.
Realizované feSeni spocivalo v predstihovém provedeni pri¢nych pilotovych
podzemnich stén (pfepazek) a v ndsledné razbé v zdvalu pod ochranou mikropi-
lotového destniku mezi prepazkami.

Nasledujici ¢lanek je zaméfen na technické aspekty pripravy a realizace zma-
hdni zévalu. Jednd se predev§im o numerické modelovani predpoklddaného cho-
vani masivu béhem razby a o ndsledné zkuSenosti z vlastni razby. Dle nézoru
autori lze vlastni zmahdni zdvalu, vzhledem k technické ndronosti

1 INTRODUCTION

The further advance of brown coal extraction at the Libous open-cast mine required a rail-
way track in the section between Brezno u Chomutova and Chomutov to be diverted to get
beyond a limit of the mine field. A single-track tunnel 7.1km long had to be designed for the
new 1758m long railway line.

The tunnel was driven under an up to 30m high overburden through very complicated
geology, where significantly plastic clay and claystone dominated. The smooth surface of
numerous discontinuities reduced the stability of the area of unsupported excavation. The
impact of previous mining activities on the rock massif in the area of tunnel portals was anot-
her important factor. The capping mass (gravel-sands) reached the depth of about 6m.

The tunnel construction started in 2002 using the mechanical pre-cutting ‘Prevault
Method’ (the PM). In 2003, when 860m of the tunnel excavation had been completed, an
accident took place during which the prevaults within the tunnel length of 77m collapsed in
a chain-like manner (fig. 1). Another part of the tunnel at a length of 44m was filled with the
rubbles.

The engineering solutions to the recovery of the collapse which were under considerati-
on comprised an open construction trench, shafts, mining methods and combinations of
these methods. The solution which was implemented consisted of transverse pile walls (divi-
ding walls) built in an advance, and subsequent tunnelling in the collapsed section, under the
protection of canopy tube pre-support installed between the dividing walls.

The article below is focused on civil engineering aspects of the planning and execution
of the recovery operations, first of all on numerical modelling of the anticipated behaviour
of the rock mass during the course of the excavation and subsequent experience gained
during the excavation itself. In the opinion of the authors, the recovery operations themsel-
ves can be considered to be successful if we take into consideration the difficulties and uni-

queness of the operations within the Czech Republic.
The entire tunnel construction was funded by the North-Bohemian Mining Company and
the client was the Czech Railways (currently the SZDC s.0.). The recovery operations were

a jedine¢nosti provadéni v ramei CR, hodnotit jako tispé¥né.
Celd stavba tunelu byla financovdna SeveroCeskymi doly, a. s., a investorem
byla SZDC, s. 0. Zmdhdni zdvalu bylo financovano i provddéno hlavnim doda-
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Obr. 1 Podélny geologicky rez tunelem po mimorddné uddlosti (vypracoval RNDr. J. Altmann)
Fig. 1 Longitudinal geological section through the tunnel after the collapse (carried out by RNDr. J. Altman)
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Obr. 2 Podélny fez tunelem zahrnujici rozdéleni oblasti zdvalu pomoci pilotovych stén (zpracoval IKP Consulting Engineers s.r.o.)
Fig. 2 Longitudinal section through the tunnel containing the division of the collapsed section by the pile walls (by IKP Consulting Engineers s.r.o.)

vatelem stavby, firmou Metrostav a. s., podzhotovitelem pro sana¢ni prace bylo
Zakladani staveb, a. s. Projektantem zmdhdni byl SUDOP Praha, a. s.,
a projektantem sanacnich praci FG Consult, s. . 0., monitoring a vyhodnocovani
geologickych pomér zajistovala firma SG Geotechnika, a. s., pro zhotovitele
tyto prace provddéla firma K+K Prizkum, s. r. 0. Spole¢nost IKP Consulting
Engineers, s. r. 0., fungovala na projektu od roku 2004 jako technicky konzul-
tant dodavatele stavby. D2 Consult Prague, s. r. 0., pracoval na projektu od roku
2005 jako supervisor a technickd pomoc investora.

2 NAVRZENY ZPUSOB ZMAHANI ZAVALU

Vzhledem ke zna¢nym obavam z nepfiznivého deforma¢niho chovani mate-
ridlu zdvalu bylo rozhodnuto rozdélit havarovanou oblast pomoci pri¢nych pilo-
tovych stén na sedm ¢dsti/komor (obr. 2). Stény z prevrtavanych Zelezobetono-
vych pilot o pruméru 1,18 m mély délku 16 m, jejich osovd vzdalenost byla 9 m,
piloty zasahovaly 3 m pod profil tunelu.

Dile bylo rozhodnuto provést zmédhdni zdvalu pomoci sekvencni metody
(zajisténi vyrubu pomoci pithradovych nosnika, siti a stifkaného betonu). Pred
pouzitim navrhované metody zmdhani bylo nutné dostate¢né provéfit jeji vhod-
nost a navrhnout optimdln{ tvar a skladbu primarniho osténi. Vzhledem ke kom-
plexnosti problému byly vyuzity rovinné vypocty pro potreby vytvoreni reali-
zaéni dokumentace primdrniho osténi, nasledné vSak byly vytvoreny i ovérovaci
trojrozmérné numerické modely. Veskeré vypocty byly zhotoveny pomoci meto-
dy kone¢nych prvki (MKP).

NavrZend metoda razby byla béhem zméhan{ zdvalu prubéZné optimalizova-
na, coz mélo pozitivni vliv na deforma¢ni chovani masivu a na rychlost realiza-
ce. Monitoring raZeb a pozorovéni chovani masivu béhem razeb navic umozni-
ly zpétné ovéreni numerickych vypocta.

3 UVODNI DVOUROZMERNE STATICKE VYPOCTY
3.1 Zakladni tdaje

Staticky vypocet primdrniho osténi byl proveden firmou SUDOP Praha, a. s.,
pomoci MKP ve 2D (predpoklad rovinné deformace). Horninovy masiv byl
modelovén pomoci Mohr-Coulombova pruznoplastického modelu za predpokla-
du izotropniho chovéni. Byl pouZit vypocetni program TUNNEL 12.0 firmy RIB
stavebni software, spol. s r. 0. Statické posouzeni doCasného osténi bylo prove-
deno v souladu s CSN, byl pouZit program BETON 2D firmy FINE, spol. s. . o.

Geologicka vrstva Vstupni hodnoty

y kN/m’) ¢ (kPa) ¢ ()  Epg (MPa)

Kvartérni pokryv 19,2 115 18 17 0,30
Silné zvétraly jilovec 19,2 11,0 10 19 0,40
Silné zvétraly jilovec

v zavalu 19,2 11,0 8 19 0,40
Zvétraly jilovec 19,5 17,0 19 19 0,40
Jilovec A 195 36,0 19 32 0,40
Jilovec B 19,5 40,0 20 35 0,38
Jilovec C 19,5 45,0 25 50 0,38
Uhelni sloj 195 30,0 25 60 0,30

Tab. 1 Vstupni geotechnické parametry

funded and executed by the main contractor, Metrostav a.s., and its sub-contractor for the
rehabilitation work, Zakladani Staveb a.s. The designer for the recovery work was SUDOP
Praha a.s. and the designer for the rehabilitation operations was FG Consult s.r.0.; the moni-
toring and evaluation of geological conditions was provided by SG Geotechnika a.s. The
contractor’s sub-contractor for the above-mentioned activities was K+K Prizkum sr.0. The
company IKP Consulting Engineers s.r.0. was present on site as the consultant for the main
contractor from 2004, while D2 Consult Prague s.r.o. was engaged on site as a supervisor
and technical aid for the client from 2005.

2 THE DESIGN FOR THE RECOVERY OF THE COLLAPSE

Because of great fears of unfavourable deformational behaviour of the rubbles, a decision was
made that the collapsed area be divided by transverse pile walls into seven sections/chambers (see
Figure 2). The 16m long pile walls consisting of 1.18m-diameter secant bored piles were built at
9m spacing; the piles reached 3m under the tunnel profile.

The next decision which was made was that the collapse be recovered using a sequential met-
hod (the excavation support by means of lattice girders, mesh and shotcrete). The suitability of the
designed recovery method had to be verified and the optimum configuration and composition of
the primary lining designed prior to the application of the proposed method. With respect to the
complexity of the problem, 2D calculations were used for the development of the detailed design
for the primary lining; 3D numerical models were developed subsequently, for verification pur-
poses. All calculations were made using the Finite Element Method (FEM).

The excavation method design was continually optimised during the course of the recovery
operations, which fact positively affected the deformational behaviour of the rock mass and the
speed of the works. In addition, the monitoring of the excavation and observation of the rock
mass behaviour during the excavation work made the verification of the numerical calculations
possible.

3 ORIGINAL 2D CALCULATIONS
3.1 Basic information

The structural analysis of the primary lining was carried out by SUDOP Praha a.s. using
the 2D FEM (an assumption of the plane deformation). The rock mass model was develo-
ped using the Mohr-Coulomb elastic-plastic model, under the assumption of isotropic beha-
viour. The computer program TUNNEL 12.0, which was used, was developed by RIB sta-
vebni software spol. s 1. 0. The structural analysis of the temporary lining was carried out in
compliance with requirements of Czech national standards, using the BETON 2D software
developed by FINE spol. s.r.o.

Geological layer Input values
y (KN/m?) ¢ (kPa) ¢ (°)  Epgr (MPa)

Quaternary nappe 19.2 11.5 18 17 0.30
Heavily weathered claystone 19.2 11.0 10 19 040
Heavily weathered claystone

in the collapse section 19.2 11.0 8 19 0.40
Weathered claystone 19.5 17.0 19 19 040
Claystone A 19.5 36.0 19 32 0.40
Claystone B 195 40.0 20 35 038
Claystone C 19.5 45.0 25 50 0.38
Coal seam 195 30.0 25 60 0.30

Table 1 Input geotechnical parameters




LEGENDA / LEGEND:

@ Kvartérni pokryv / Quaternary nappe @ Silné zvétraly jilovec / Heavily weathered claystone
@ Jilovec A / Claystone A @ Jilovec B / Claystone B ® Jilovec C / Claystone C

® Jilovec a uhli / Claystone and coal @ Silné zvétraly jilovec v zavalu / Heavily weathered
claystone in the collapse area ® Zvétraly jilovec / Weathered claystone

Obr. 3 Geometrie puvodniho 2D modelu
Fig. 3. Geometry of the original 2D model

Vstupni parametry vychazely z puvodniho a dodate¢ného IG pruzkumu. Hodnoty
pouZité pro Gvodn{ vypocty jsou shrnuty v tabulce 1. Pro vypocty primarni napjatos-
ti byla uvazovédna velikost K¢=0,8. Rozdéleni masivu na kvazihomogenni celky
a geometrie numerického modelu jsou prezentovany na obr. 3. Vliv podzemni vody
nebyl do vypocta zahrnut.

3.2 Vypocty primarniho osténi

Uvodnf staticky vypocet uvazoval razbu po zdbérech 1 m. Razba a vystrojovan{
tunelu byly modelovany v nékolika vypoletnich krocich, které predpokladaly ¢lené-
ni vyrubu na kalotu, opéif a dno. Primdrni osténi bylo do vypoctu zahrnuto ve dvou
krocich — nejprve jako nezraly stiikany beton s parametry po 3 dnech (pevnost v tlaku
10MPa), nésledné jako stifkany beton s vyslednymi parametry po 28 dnech. Mocnost
osténi byla uvazovéna 35 cm. Déle bylo pri vypoctu uvazovéno pravidelné uzavird-
ni kaloty do¢asnou spodni klenbou, razba opéfi a dna byla uvaZovana tak, aby neo-
vlivnila chovéni kaloty v oblasti ¢elby (minimdlni odstup jedné pilotové prepazky
mezi Celbou kaloty a razbou dna a opérf). Béhem tivodnich vypoctu primarniho osté-
ni byla optimalizovéna geometrie profilu tunelu. Tvar tunelu ve dné a v opéif tunelu
byl zaoblen tak, aby bylo dosaZeno priznivéjsiho priubéhu ohybovych momentu.

Vzhledem k obavam z deformacniho chovani masivu byla o¢ekavana nutnost oka-
mZitého uzavirdni osténi s tim, Ze se nad osténim prakticky nevytvori horninova klen-
ba. Diky tomu byla relaxace nevystrojeného vyrubu uvazovana velmi nizkd. Primdrn{
osténi tunelu bylo posouzeno na vypoctené vnitini sily, osténi mocnosti 35 cm bylo
vyhovujici. Maximdlni vypoctené deformace osténi tunelu se pohybovaly do 50 mm.

4 OVEROVACI TROJROZMERNE VYPOCTY
41 Zakladni udaje

Prostorové numerické vypocty byly provedeny firmou D2 Consult Prague, s. r. 0.,
v programu Plaxis 3D Tunel (obr. 4). Ukolem tohoto modelovéni bylo predevsim
provéfeni vlivu pilotovych prepdzek na chovdni nevystrojeného vyrubu a osténi.
Model horninového masivu byl vytvoren ve shodé s rovinnym modelem. Rozhran{
jednotlivych geologickych vrstev, pouZity materidlovy model (Mohr-Coulombiv),
vstupn{ parametry pro jednotlivé materidly, i koeficient bo¢niho tlaku v klidu (Ko)
byly voleny shodné. Rovnéz mocnost a parametry tunelového osténi byly zvoleny ve
shodé s rovinnym modelem. Model zahrnoval pouze levou polovinu tunelu (osova
symetrie). Profil tunelu byl ¢lenén na dvé &ésti — kalotu a dno (zanedbdni ¢lenéni na
opéfi a dno by nemélo mit zdsadnéjsi vliv na vysledky). Jeden model byl vytvoren
s pilotovymi prepazkami, jeden bez nich.

Obr. 4 Geometrie
prostorového modelu
Fig. 4 Geometry of the
3D model
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The input parameters were based on the original and additional EG surveys. The
values used for the original calculations are summarised in Table 1. The value of
Ko=0.8 was assumed for the purpose of the calculations of the primary state of stress.
The distribution of the rock massif into quasi-homogeneous units and the geometry of
the numerical model are presented in Fig. 3. The influence of ground water was not
taken into the calculations.

3.2 Primary lining analysis

The original structural analysis assumed that 1m long advances per cycle would be app-
lied. The tunnel excavation and support were modelled in several steps, which assumed that
the top heading, bench and invert excavation sequence would be applied. The primary
lining was included into the calculation in two steps — first as green shotcrete with parame-
ters at 3 days (compressive strength of 10MPa) and then as shotcrete with resultant para-
meters at 28 days. The shotcrete layer thickness of 35cm was assumed. Another calculati-
on assumption was that the top heading excavation would be regularly closed by the invert;
the method of the bench and bottom excavation was assumed to be such which would not
affect the behaviour of the top heading in the area of the excavation face (the minimum
distance of one compartment between the dividing pile walls to be maintained between the
top heading face and the bottom and bench excavation). The geometry of the tunnel profi-
le was optimised during the initial analyses of the primary lining. The shape of the tunnel
was rounded at the bottom and side-wall parts so that a more favourable bending moment
diagram was achieved.

With regard to fears that the deformational behaviour of the rock mass would be so bad
that virtually no natural arch would develop above the lining, the necessity for immediate
closing of the lining was expectable. Owing to this fact, very small magnitude of relaxation
of the unsupported tunnel excavation was assumed. The primary tunnel lining was assessed
for the calculated internal forces with the conclusion that the thickness of 35cm was satis-
factory. The maximum calculated deformations of the lining did not exceed 50mm.

4 THREE-DIMENSIONAL VERIFICATION CALCULATIONS
4.1 Basic information

The three-dimensional numerical calculations were carried out by D2 Consult
Prague s.r.0. using the Plaxis 3D Tunel software (see Fig.4). The primary task of this
modelling was to examine the influence of the dividing pile walls on the behaviour of
the unsupported excavation and the lining. The model of the rock mass which was
developed corresponded to the two-dimensional model. Identical interface between
individual geological layers, material model used (Mohr-Coulomb’s), input parameters
for individual materials and the coefficient of side pressure at rest (Ko) were selected.
The thickness and parameters of the tunnel lining were also selected identically with
those used in the 2D model. The model covered only the left half of the tunnel (axial
symmetry). The tunnel cross section was divided into two parts — the top heading and
bottom (the fact that the bench and bottom sequencing was neglected should not have
influenced the results in a significant manner). One model was developed to contain the
dividing pile walls and one without them.

4.2 The influence of the dividing pile walls
The model contained the dividing pile walls built at 9m spacing. The thickness of the
walls of 1.0m was selected for the model. The dividing pile walls were modelled as a line-
arly elastic material. They were divided into two parts as follows:
a) The part found in the tunnel area (cast using concrete) had the parameters : E = 25GPa,
v=02
b) The part above the tunnel (cast using only a suspension) had the parameters:
E=10GPa,v=02
Two comparative calculations were conducted, one with the dividing walls and the other
without them. The results of the 3D calculations of the influence of the dividing walls in the
collapse area are presented in Table 2.

3D - with 3D - without 2D
dividing walls dividing walls
Deformations (mm)  Top of the vault 26 116 50
Moments (kNm) Centre of the bottom 122 196 285
Inverted arch 120 370 300
Top of the vault 40 169 200
Axial forces (kN) Maximum 1610 1770 2450

Table 2 Results for the closed tunnel lining

The reinforcing effect of the dividing pile walls is obvious from the results. The con-
struction of the dividing pile walls leads to significant reductions in the bending
moments in the lining and the resultant deformations. The differences between the 2D
calculations and 3D calculations are first of all caused by the selection of the magnitu-
de of relaxation, which had been, for understandable reasons, included into the calcu-
lations conservatively compared to common calculations.

4.3 The influence of the method of excavation
of the bench and bottom

Another objective of the modelling was to examine the influence of the length of the
bench and bottom excavation (i.e. how many advance rounds are allowed to remain
without the closed invert when the top heading is being enlarged). The execution of the
lower part of the profile was modelled for advance lengths 2m, 4m and 8m long (see
Fig. 5). The results for deformations and internal transverse forces in the top heading
above the excavated bottom are presented in Table 3.
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4.2 Vliv pilotovych piepazek

Model zahrnoval pilotové prepdzky vzddlené osové 9 m. Mocnost piepazek byla
v modelu zvolena 1 m. Pilotové prepazky byly modelovény jako linedrné elasticky
materidl. Pfepdzky byly rozdéleny na dvé ¢dsti:

a) Cést v oblasti tunelu (vyplnéna betonem) méla parametry: E = 25GPa, v =0,2

b) Cést nad tunelem (vyplnéna pouze suspenzi) méla parametry:

E =10GPa,v=0.2

Byly provedeny dva srovndvaci vypocty — s prepazkami a bez nich. Vysledky 3D

vypoctl vlivu prepdZek v oblasti zdvalu jsou uvedeny v tabulce 2.

3D -spre- 3D - bez pre- 2D
pazkami pazek
Deformace (mm)  Vrchol klenby 26 116 50
Momenty (kNm)  Stfed dna 122 196 285
Dno - klenba 120 370 300
Vrchol klenby 40 169 200
Osové sily (kN) Maximum 1610 1770 2450

Tab. 2 Vysledky v osténi uzavieného tunelu

Z vysledku je patrny ztuzujici efekt pilotovych prepazek. Realizace pilo-
tovych prepaZek vede ke znaénému sniZeni ohybovych momentt v osténi
a ke sniZeni vyslednych deformaci. Rozdily mezi vysledky 2D vypocta a 3D
vypolta jsou predeviim zpusobeny volbou velikosti relaxace, kterd
z pochopitelnych duvoda byla do 2D vypoltu zahrnuta v porovndni
s béznymi vypolty konzervativné.

4.3 Vliv zpisobu pobirani opéfi a dna

Dalsim cilem modelovani bylo proSetfeni vlivu délky pobirani opéii a dna
na chovdni osténi kaloty (tj. po kolika zdbérech se md uzavirat spodni klenba
plného profilu pfi rozsifovani kaloty). Realizace spodni &dsti profilu byla
modelovéna v zdbérech 2, 4 a 8 m (obr. 5). Vysledky deformaci a vnitrnich
sil v pficném sméru v kaloté nad odebranym dnem jsou uvedeny v tabulce 3.

Délka zdbéru dna (m) 2 4 8
Deformace (mm) 26 29 52
Momenty (kNm) 61 140 175
Osové sily (kN) 1260 1600 2020

Osténi 350 mm Vyhovuje Vyhovuje Vyhovuje

Tab. 3 Kalota — vnitini sily v pri¢ném sméru

Velikost vnitinich sil v pri¢ném sméru v kaloté nepfindsi zdsadnéjsi problém.
I pri zdbéru opéfi a dna na 8 m (celd komora) byla kapacita ostén{ kaloty posta-
Cujici pro preneseni danych sil (osténf tloustky 35 cm). VEtSi problém prindseji
vnittni sily v podélném sméru a smykové sily v oblasti prechodu osténi
z pilotové prepdazky do horninového masivu. Se vzrustajici délkou zdbéru opéri
a dna logicky tyto sily nartstaji také, coZ muZe vést aZ k poruSeni osténi. Na
zdkladé vypoctu byla doporudena maximalni délka zdbéru opéfi a dna 4 m.

4.4 vypocet stability Celby kaloty

Dile byly provedeny vypolty stability Celby kaloty. Vypolty predpokladaly samo-
statnou razbu kaloty s okamzitym uzaviranim docasné spodni klenby. Déle bylo uva-
Zovano dobirdni opéif a dna s vétsim odstupem od Celby kaloty, takze dobirdni by
nemélo mit na stabilitu Celby kaloty vliv. Vypocet byl proveden ve vice krocich. Prvni
krok simuloval realizaci pilotovych prepazek. Nasledujici kroky simulovaly postup-
nou razbu a instalaci osténi tunelu. Vypocet stability ¢elby byl proveden v okamziku,
kdy Celba kaloty byla 2 m za prepdzkou a 1 m kaloty nebyl vystrojen osténim.

Vypocet stupné stability probihd v programu Plaxis pomoci redukce smyko-
vych parametri. Smykové parametry jsou postupné redukovany, aZ dojde
k poruseni horninového masivu. Vysledny stupeni bezpe¢nosti je potom vypoci-
tén jako pomér pocdte¢nich a vyslednych smykovych parametra. Vypocet stabi-
lity Celby prokézal velmi nizkou stabilitu Celby (hodnota stupné stability byla
blizko 1). Vypoctovy model ov§em nezahrnoval opatfent, s jejichZ vyuZitim se

Obr. 5 Simulace postupu pobirdni opéri a dna (véetné docasné spodni
klenby kaloty)

Fig. 5 Simulation of the bench and bottom excavation procedure (inclu-
sive of the temporary invert of the top heading)

Tuel

Advance per cycle - bottom (m) 2 4 8
Deformations (mm) 26 29 52
Moments (kKNm) 61 140 175
Axial forces (kN) 1260 1600 2020

Lining 350mm Satisfying Satisfying Satisfying

Table 3 Top heading — internal transverse forces

The magnitude of the internal transverse forces in the top heading does not
pose any significant problem. The capacity of the top heading lining (35cm
thick) was sufficient for carrying the given forces even in the case of the 8m
long bench and bottom advance per cycle (the length of the entire compart-
ment). The longitudinal internal forces and shear forces in the area of the
transition of the lining from the dividing pile wall to the rock mass pose a big-
ger problem. Logically, these forces grow also with the growing bench and
bottom excavation advance length, which may result in a failure of the lining.
The maximum length of the bench and bottom advance length of 4m was
recommended on the basis of the calculations.

4.4 Top heading face stability calculation

Another step was the calculation of stability of the top heading face. The
calculations assumed that the top heading would be excavated separately,
with immediate closing of the profile by temporary invert. The excavation of
the bench and bottom was assumed to start at a greater distance from the top
heading face for which reason it should not affect the stability of the top hea-
ding face. The calculation was carried out in several steps. The first step
simulated the construction of the dividing pile walls. The following steps
simulated the process of excavation and installation of the tunnel lining. The
calculation of the face stability was carried out at the moment when the top
heading face was found 2m beyond the dividing wall and 1m of the excava-
tion length was not supported by the lining.

The stability calculation is carried out using the Plaxis software by means
of reduction of shear parameters. The shear parameters are step-by-step redu-
ced until the rock mass fails. The final factor of safety is then calculated as
the proportion of the initial shear parameters to the resultant ones. The face
stability calculation proved that the face stability is very small (the value of
the stability factor was close to 1). The calculation model, however, did not
contain the measures which were assumed to be implemented (canopy tube
pre-support, jet grouting between the dividing walls, a supporting rock wedge
at the face, division of the top heading excavation to partial headings, etc.).

5 THE COURSE OF THE OPERATIONS
5.1 Excavation method

There were, naturally, serious fears before the commencement of the exca-
vation in the collapse area regarding the deformational behaviour of the rock
mass which had been deformed in the area of the tunnel profile and above the
tunnel by the previous accident. For that reason it was decided that core probe
holes be drilled ahead of the face before the commencement of excavation of
each particular section (see Fig. 6) and further decisions made on the extent
of the rehabilitation work necessary. A decision was made before the com-
mencement of the excavation beyond the first dividing pile wall that hori-
zontal jet grouted columns be carried out within the tunnel cross section to
strengthen the rock mass. This measure was also used beyond the third divi-
ding pile wall. The excavation in the other compartments did not require this
strengthening.

The crown of the tunnel was regularly protected by means of canopy tube
pre-support. The drilling for the pre-support was carried out from the front
side of each pile wall. The tubes were always tailed into the next pile wall
(they bridged the entire distance between neighbouring dividing walls).
Efforts were made in the beginning to embed the canopy tubes into jet grou-
ted columns to be carried out above the excavated cross section. However,
the execution of jet grouting in the tunnel overburden stopped after the com-
pletion of the excavation of the initial three compartments, similarly to the jet
grouting within the tunnel profile.

The excavation proceeded in steps of 1m advance per cycle. The excava-
tion was supported by steel mesh, lattice girders and sprayed concrete. In the
beginning, efforts were made to immediately close the temporary invert of
the top heading. Naturally, in terms of structural analysis, it would have mini-
mised the lining deformations. On the other hand, this requirement logically
meant that full-face top heading excavation was necessary. With regard to the
stability problems of the face and the danger to workers at the excavation
face, it was decided that the temporary top heading invert was to be closed
later (i.e. at a distance of 2 — 3m). This measure made the stabilisation of the
face by means of the rock wedge, which was left in the centre of the top hea-
ding, possible. This measure showed to be a suitable compromise. In additi-
on to the rock wedge, the excavation face was regularly stabilised by a thin
layer of shotcrete. When more intense manifestations of instability were
encountered, the top heading excavation and application of shotcrete face
was divided into several steps. The excavation of the bench and tunnel
bottom followed the top heading excavation at a distance exceeding 9m.




Obr. 6 Realizace jadrovych vrtu do profilu tunelu z prostoru pred piloto-
vou prepdzZkou (foto M. Hilar)

Fig. 6 Drilling of core holes to the tunnel profile from the space in front
of the dividing pile wall (photo M. Hilar)

uvazovalo (mikropilotové destniky, tryskové injektdZ mezi prepazkami, opérny

klin v prostoru Celby, ¢lenéni Celby kaloty na diléf ¢dsti, atd.).

5 PRUBEH REALIZACE
5.1 ZpUsob razby

Pred pocitkem razby v oblasti zdvalu byly prirozené znalné obavy
z deformaéniho chovani masivu, ktery byl v oblasti profilu tunelu a nad tunelem pre-
tvoren probéhlou havdrii. Proto bylo rozhodnuto pred razbou kazdé sekce provadét
jadrové vrty z Celby (obr. 6) a na zdkladé jejich vyhodnoceni ndsledné ucinit rozhod-
nuti o rozsahu potfebnych sana¢nich praci. Pfed razbou za prvni pilotovou prepazkou
bylo rozhodnuto o sanaci profilu tunelu pomoci horizontdlnich sloupt z tryskové
injektdze. Toto opatfeni bylo také pouZito za tieti pilotovou prepazkou. Razby ostat-
nich sekci probéhly bez sanaci oblasti profilu tunelu.

Pistropi tunelu bylo pravidelné chrdnéno pomoci mikropilotovych destniku, které
byly vrtany pred kazdou pilotovou sténou. Mikropiloty byly vzdy vetknuty do
ndsledné pilotové steény (tj. preklenovaly celou vzdalenost mezi sousednimi prepdz-
kami). Ze zafdtku byla snaha realizovat jednotlivé mikropiloty do sloupt tryskové
injektdZe nad profilem, ale podobné jako v oblasti profilu tunelu bylo i v nadlozi
tunelu od tryskové injektdZe po razbé prvnich tif sekci upusténo.

Razba probihala po zdbérech délky 1 m. Vyrub byl zajistovan pomoci ocelovych
sitf, pithradovych rdmu a pomocf stifkaného betonu. Ze zaldtku byla snaha uzavirat
provizorni dno kaloty okamZit€, coZ by prirozené ze statického hlediska mélo mini-
malizovat deformace osténi. Na druhou stranu tento poZadavek logicky znamenal
svislou Celbu kaloty na jeji plnou vysku. Vzhledem ke stabilitnim problémtm Celby
a vzhledem k nebezpeci pro pracovniky v prostoru celby bylo rozhodnuto uzavirat
provizorni dno kaloty pozde€ji (t]. s odstupem 2 — 3 m), coz umoznilo stabilizaci celby
pomoci opérného klinu ponechaného ve stiedu elby. Toto opatieni se osvédcilo jako
vhodny kompromis. Kromé opérného klinu navic bylo pravidelné provadéno okamzi-
té zajisténi Celby pomoci tenké vrstvy stitkaného betonu. Pii vyraznéjsich projevech
nestability byla ddle Celba kaloty pobirdna a zastitkdvana po nékolika krocich. Razba
opéif a dna tunelu probihala za razbou kaloty s odstupem vy$§im nez 9 m.

5.2 Vysledky monitoringu

Maximalni sedani povrchu nad tunelem dosdhlo 28 mm (prostor za
2. pilotovou prepdzkou). Vysledné naméfené konvergence jsou uvedeny
v tabulce 4. Deformace se obecné pohybovaly do 40 mm, pouze v prostoru
za druhou pilotovou pfepdzkou byly deformace vyssi.

Staniceni Vrchol Boky kaloty Boky opéri
tunelu (m) Bod 01 Bod 04 Bod 05 Bod 06 Bod 07
2004 5 7 7 0 0
2007 19 14 16 10 10
2012 21 23 27 10 8
2019 20 30 27 - 5
2025 20 30 36 7 3
2027 27 30 28 7 8
2031 33 27 40 8 10
2034 37 36 40 7 7
2036 50 55 105 11 10
2040 93 65 130 14 -
2043 38 37 34 6 7
2048 39 36 53 - -
2052 40 42 46 7 8
2057 40 47 53 7 6
2061 40 43 46 3 6
2066 31 32 35 - -
2070 24 18 23 0 0
2075 26 24 36 - 3
2079 11 18 20 3 3
2081 17 28 27 3 2
2084 8 18 20 - 2
2087 2 7 5 0 0

Tab. 4 Namérené vysledné deformace osténi (mm)

5.3 Razba za druhou pilotovou piepazkou

Co bylo duvodem vys3ich deformaci za druhou pilotovou prepazkou? Je
nutné si uvédomit, Ze razba v obtiznych geologickych pomérech prindsi fadu
protichudnych poZadavku. Napriklad realizace opémého klinu, ktery piiznivé
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5.2 Monitoring resuits

The maximum values of the surface settlement above the tunnel reached
28mm (the area beyond the second dividing pile wall). The final measured
convergences are presented in Table 4. In general, the deformations did not
exceed 40mm, with the exception of the area beyond the second dividing pile
wall.

Tunnel
chainage (m) Crown Top heading side walls Bench side walls
Point 01 Point 04 Point 05 Point 06 Point 07

2004 5 7 7 0 0
2007 19 14 16 10 10
2012 21 23 27 10 8
2019 20 30 27 - 5
2025 20 30 36 7 3
2027 27 30 28 7 8
2031 33 27 40 8 10
2034 37 36 40 7 7
2036 50 55 105 11 10
2040 93 65 130 14 -
2043 38 37 34 6 7
2048 39 36 53 - -
2052 40 42 46 7 8
2057 40 47 53 7 6
2061 40 43 46 3 6
2066 31 32 35 - -
2070 24 18 23 0 0
2075 26 24 36 - 3
2079 11 18 20 3 3
2081 17 28 27 3 2
2084 8 18 20 - 2
2087 2 7 5 0 0

Table 4 Final measured deformations of the lining (mm)

5.3 Excavation beyond the second dividing pile wall

What was the reason of higher deformations beyond the second dividing
pile wall? One must realize that excavation through difficult geology is asso-
ciated with many contradictory requirements. For example, the placement of
the rock wedge, which favourably improves the stability of the excavation
face, prevents the immediate closing of the temporary invert, which would be
beneficial in terms of minimization of deformations of the lining. Another
factor is the excavation advance rate. A fast excavation advance rate inclu-
ding as fast as possible installation of the support generally leads to minimi-
sation of the rock mass deformations. On the other hand, an effort for acce-
leration of the work means reduction of the time for implementation of all
supporting measures or, for example, leads to higher flexibility of the lining
in the vicinity of the excavation face (the section supported with green shotc-
rete is longer).

Regarding the excavation beyond the second dividing wall, there was the
following sequence of events there: Significant excavation face stability pro-
blems started abruptly to appear during the course of the top heading exca-
vation approximately 2m before the third dividing pile wall. With the urgen-
cy of the problems taken into consideration, it was decided to finish the top
heading excavation up to the dividing pile wall (it guaranteed a stable face)
even before the planned closure of the temporary top heading invert. This
action was successful. However, it influenced the deformational behaviour of
the lining. Owing to the completion of the longer than designed section of the
lining without closing the invert, a significant concentration of stress develo-
ped in the area between the closed and unclosed parts of the top heading
lining followed by development of a radial crack in the right-hand side of the
lining (see Table 4). The subsequent prompt closing of the invert up to the
dividing pile wall meant stopping of the deformation growth. In the authors’
opinion, the procedure which was used was adequate to the given situation.

5.4 Other aspects of the excavation

The effect of the jet grouting rather fell short of expectations. The jet grou-
ted columns which had been expected to reinforce the ground, were percei-
vable only in the non-cohesive Quaternary material; unfortunately, they were
not much visible in the cohesive clay or claystone (see Fig. 7). The attempt
to drill through the jet grouted columns for installation of the pre-support
tubes was similarly little successful. We can state that the jet grouting carri-
ed out within the tunnel profile acted rather as pressure grouting. The cement
grout filled various fissures and empty spaces in the collapse rubbles. The
highest accumulation of the grout was found at the beginning of the excava-
tion, under the preserved prevault created by the Perforex machine (see Fig.
8). Because of the relatively favourable consistency of the mostly cohesive
material — the collapse rubble, and with respect to the fact that stabilisation
of cohesive soils by jet grouting is a difficult task, it was decided after the
excavation of the third section to abandon the idea of the stabilisation by jet
grouting.

Conversely, the canopy tube pre-support with the tubes tailed into the pile
walls can be evaluated very positively; the canopy certainly contributed to the
improvement of stability and safety. The top of the excavation face above the
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zvySuje stabilitu Celby, znemoznuje okamzité uzavirdni provizorniho dna, coZ by
bylo vyhodné z hlediska minimalizace deformaci osténi. Dal$im faktorem je
rychlost razby. Rychly postup razby véetné co nejrychlejsiho vystrojeni obecné
vede k minimalizaci deformaci masivu. Na druhou stranu snaha o zvySen{ rych-
losti znamend méné Casu na realizaci viech zajistovacich opatfeni, ddle naptiklad
vede k vyS$§i poddajnosti osténi v blizkosti Celby (delsi dsek zajistény osténim
z nezralého stiikaného betonu).

V pripadé razby za druhou prepdzkou §lo o nésledujici posloupnost udélosti:
Béhem razby kaloty cca 2 m pred treti pilotovou pfepdzkou se velmi ndhle zaca-
ly objevovat vyrazné stabilitni problémy &elby. Vzhledem k urgenci problému
bylo rozhodnuto dokondit razbu kaloty az k pilotové prepédzce (kterd zarucovala
stabilni Celbu) jesté pred planovanym uzavienim docasné spodni klenby kaloty.
To se podatilo, bohuzel viak tento krok mél vliv na deformacni chovéni osténi.
Diky dokonceni del$iho tseku ostén{ kaloty bez uzaviené spodni klenby doslo
k vyrazné koncentraci napéti v oblasti mezi uzavienou a neuzavienou Césti osté-
ni kaloty, coZ znamenalo vytvoreni radidlni trhliny v pravé ¢ésti osténi (tabulka
4). Nasledné urychlené uzavieni provizorni protiklenby az k pilotové prepdzce
znamenalo ukonceni ndrustu deformaci. Dle ndzoru autort byl pouZity postup
adekvatni vzniklé situaci.

5.4 DalSi aspekty razby

nujici Celbu byly patrné pouze v nesoudrzném materidlu kvartéru, v soudrzném
materidlu jilu & jflovcn bohuZel sloupce prilis patrné nebyly (obr. 7). Obdobné
se pokus o vrtani mikropilot (deStniku mezi prepaZkami) do sloupu tryskové
injektdZe také prili§ nezdafil. Lze konstatovat, 7e v profilu tunelu pusobila trys-
kovd injektdZ spiSe jako injektdZ tlakova. Cementovd suspenze vyplnila rizné
trhlinky a volnd mista v zdvalovém materidlu. Nejvetsi koncentrace suspenze
byla patrnd na zacdtku razby pod zachovanou predklenbou vytvorenou strojem
Perforex (obr. 8). Vzhledem k pomérné piiznivé konzistenci prevazné soudrzné-
ho materidlu zdvalu a vzhledem k obtiZnosti sanace soudrznych zemin trysko-
vou injektdzi bylo po razbé¢ tieti sekce rozhodnuto od sanace pomoci tryskové
injektdze ustoupit.

Naopak mikropilotové destniky vetknuté do pilotovych stén lze hodnotit
velmi pozitivné, mikropiloty zcela jisté prispély k vySsi stabilité i bezpecnosti.
Béhem razby doslo nékolikrdt k vypadnuti horni ¢dsti Celby nad opérnym kli-
nem, diky mikropilotdm se vSak nikdy tato nestabilita nerozsitila nad prostor
osazeného destniku. Na zaldtku razby doslo pii stabilitnich problémech Celby
v prvnich zébérech razby pod destnikem k pretiZen{ konct mikropilot, coZ mélo
za ndsledek deformaci prvniho ramu pod de$tnikem. Tento jev se béhem dalsiho
postupu podafilo odstranit zdvojovanim prvniho rdmu pod destniky (v prostoru
prepézek) a privarenim konct mikropilot pomoci vyztuze k poslednimu rdmu
BTX pred prepazkou (tj. nad mikropilotami).

6 ZAVER

Zmdhani zdvalu tunelu Bfezno predstavovalo techniky velice ndro¢ny tkol;
razba zavaleného tunelu je obecné vzdy podstatné ndro¢néjsi v porovndni
s razbou rostlym masivem. Vlastni razba oblasti zdvalu zapocala koncem tinora
2006 a byla dokonCena zaldtkem srpna 2006. To, Ze razba probéhla relativné
rychle bez vyraznéjsich problému, je zasluhou kvalitn{ pripravy i patfi¢ného pri-
stupu béhem vlastni realizace.

Provedené numerické modelovéni je uZzite¢nym prostredkem pro pripravu (a
ovérovéni provadéni) obtiznych geotechnickych staveb. Pfirozené ani provedené
3D modelovani nemohlo presné postihnout veskeré popsané aspekty razby. Pri
porovndni vysledki modelovéni a skute¢nych naméfenych hodnot deformaci jsou
patrné jisté rozdily, které ovSem v tomto piipadé nejsou prilis vyrazné. Modelovani
pomerné dobre postihlo nékteré ocekdvané problémy, které se potvrdily béhem
razby (nizkd stabilita Celby, koncentrace napéti mezi neuzavienym a uzavienym
osténim, pozitivni vliv do¢asné protiklenby a pilotovych prepazek, atd.).

Z pohledu vlastni razby je tfeba vyzdvihnou flexibilni pfistup k realizaci. Jak
je v ¢lanku zminéno, v nékterych piipadech bylo tieba reagovat na vlastnosti
a chovdni masivu velmi pruzné, optimalizaci viech aspektl razby nebylo moZné
provést béhem piipravy. Dané prizptisobeni postupu razby a podpurnych opatre-
ni zastizenym podminkdm bylo provedeno predevsim béhem razby prvnich tif
sekci mezi pilotovymi prepazkami. Pfi razb¢é ndsledujicich sekei jiz byl postup
pomérné odladén, takze veSkeré dal3f razby zdvalem probéhly relativné hladce.

Ing. MATOUS HILAR, MSc., Ph.D., CEng., MICE,
hilar@d2-consult.cz, D2 Consult Prague, s.r. o.,
Ing. VLADISLAV JOHN, viadislav.john@metrostav.cz, Metrostay a. s.
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Obr. 7 Uéinek tryskové injektdze v prvni sekci zmdhdni zdvalu
(foto P. Svoboda)

Fig.7 The effect of the jet grouting in the first compartment of the
collapsed tunnel being recovered (photo P. Svoboda)

rock wedge collapsed several times during the excavation. However, owing
to the tubes, the instability had never extended above the completed canopy.
At the beginning of the excavation, the ends of the pre-support tubes got
overloaded due to the stability problems of the face. As a result, the first lat-
tice girder under the canopy was deformed. This problem was successfully
removed by means of doubling the first lattice girder under the canopy tube
pre-support (inside the compartments) and welding of the ends of the tubes
through the steel mesh to the last BTX lattice girder before the dividing wall
(i.e. above the tubes).

6 CONCLUSION

The recovery of the collapse of the Bfezno tunnel represented a task very
complicated from the civil engineering point of view. Re-excavation of a col-
lapsed tunnel is, in general, always much more difficult compared to excava-
tion through native rock mass. The excavation through the collapsed area
itself started at the end of February 2006 and was finished at the beginning of
August 2006. The fact that it was carried out relatively quickly, without more
significant problems, is a credit to high quality planning and adequate attitu-
de during the work itself.

Execution of numerical modelling is a useful means of planning (and veri-
fication) of construction of complicated geotechnical structures. Naturally,
even the 3D modelling which was performed was not capable of exactly for-
mulating all of the above described aspects of the excavation. When the
modelling results are compared with the actually measured values of defor-
mations, some differences become obvious, which, however, are not too
much marked in this particular case. The modelling quite well showed some
of the anticipated problems which appeared subsequently during the excava-
tion (low stability of the excavation face, concentration of stress between the
unclosed and closed linings, the positive influence of the temporary invert
and dividing pile walls etc.).

Regarding the excavation itself, we must hold up the flexible approach to
the construction work. As mentioned above in this paper, it was necessary in
some cases to respond to the properties and behaviour of the rock mass in a
very flexible manner; it was impossible to optimise all aspects of the exca-
vation during the planning phase. The given adjustment of the excavation
procedure and support measures to the conditions encountered was perfor-
med first of all during the excavation in the initial three sections between the
dividing pile walls (compartments). The procedure was relatively well
debugged at the time of the excavation of the further compartments, therefo-
re, all the remaining excavation through the collapsed tunnel passed relative-
ly smoothly. .
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

KONGRES PIARC URCUJE DALSI TRENDY VE VYBAVOVANI TUNELU
PIARC CONGRESS DICTATES OTHER TRENDS IN TUNNEL EQUIPMENT

Prof. Ing. Pavel Pribyl, CSc., informs about activities of the
Technical Committee C3 of the PIARC/AIPCR, whose congress
will be held in Paris from 17t to 21% September 2007. The
Committee deals with the issues of road tunnels in terms of their
equipment, safety and operation. He informs about the focuses of
individual Working Groups (WGs) of this Committee, and also
mentions the contribution of Czech technicians to their work.

Vybavovéni tunela dopravnimi, bezpe&nostnimi a technologickymi
systémy ovliviuji po fadu let nejvice prace provadéné v ramci tech-
nického vyboru ,,Silni¢ni tunely” asociace PIARC/AIPCR, jejiz
23. kongres se kond v PafiZi ve dnech 17.-21. 9. 2007. Je to nejvetsi
setkéni silni¢dru vSech kontinentu, které se kond ve &tyfletych ddo-
bich a po dvaceti letech se vraci do Evropy. Symbolickd je i Pariz,
protoZe zde byla asociace pred sto lety zaloZena. Clanek popisuje
v jednoduchém prehledu dokumenty, které jsou pfipravovédny praveé

pro parizsky kongres.

Jiz tradi¢né patii mezi nejaktivnéjsi vybory PIARC technicky
vybor C3.3, ktery se zabyva otdzkou silni¢nich tuneld, a to z hlediska
jejich vybavovini, bezpecnosti a provozovani. Tradi¢ni ndzev "Road
Tunnels" byl na kongresu v Durbanu pred Ctyfmi lety zménén na
"Road Tunnel Operation", coz symbolicky podtrhlo pravé vyznam

provozovani tunelu.

Ve vyboru pracuje v nékolika pracovnich skupindch radové sto
odborniku z celého svéta, kteff se pravidelné schazi pod vedenim pana
Didier Lacroix z Centre d'Etudes des Tunnels (CETU) z Francie.
Préce je pomérné hodné, a schizky se konaji v pruméru tytikrat za
rok na ruznych svétadilech, a proto je velmi potéSujici, Ze se na této
¢innosti podileli i naSi odbornici a to praci v ndsledujicich skupindch:

Skupina  Hlavni téma

WG1 Provoz tunelu,

management

WG2+WGS5 Rizeni bezpecnosti

v tunelech;

Nebezpecné ndklady
WG3 Lidsky faktor v bezpecnosti
WG4 Detekce, spojent, evakuace
WG6 Vétrani a zdoldvani pozdru

Gestor Spolecnost

ing. Koldtek, CSc. ELTODO -

dopravni
systémy
ing. Sajtar SATRA
ing. Smolik SUBTERRA
Prof. Holicky KU CVUT
ing. Bouchner ~ FD CVUT
neobsazeno
J. Porizek SATRA
ing. Novék METROPROJEKT

Ndrodnim gestorem byl zvolen prof. Pavel Pfibyl (Fakulta
dopravni, Eltodo EG) a jeho zdstupcem Ing. Ludvik Sajtar (Satra).

V téchto mésicich jsou kompletovany dokumenty jednotlivych
skupin a jsou pripravovany prezentace pro parizské zasedani.
ProtoZe se jednd o zasadni prace, které bezpochyby ovlivni sméro-
véni dal$iho vyvoje vybavovani tuneld, jsou v dal$im textu uvede-
ny alespon ndzvy dokumentu s kratkym komentafem. Dokumenty
jsou zatim vétSinou v pracovni verzi a je mozné, Ze jeste dojde
k drobnym tpravdm, a to v&etné nazvu.

PRACOVNI SKUPINA WG1:

Guide for organizing, recruiting and
training road tunnel operating staff

Recommendations to owners and
operators of highly-trafficked urban
tunnels including traffic manage-
ment, maintenance and selection of
equipment

Dokument stanovuje cile a definuje
terminologii. Zabyva se poZadavky
na obsluhu tunelti, organizaci trénin-
ku a uvadi doporuceni (42 s.).

Dokument se zabyvd aktudlni proble-
matikou vysoce zatiZenych mest-
skych tunelt tim, Ze pojmenovava
specifika téchto tuneld, doporucuje
zdsady pro organizaci dopravy a ser-
visu a zabyvd se organizaci ¢innosti
operdtoru. V prehledu jsou uvedeny
i zkuSenosti z provozovani téchto
tunelu (28 s.).

PRACOVNI SKUPINA WG2:

Integrated approach for road
tunnel safety

Risk analysis for road tunnels

Responsibilities for tunnel safety
management

Tools for tunnel safety management

Safety documentation
Collection and analysis of incident data

Safety inspection of tunnels

PRACOVNI SKUPINA WG3:

Human factors and tunnel safety

Management of the operator —
emergency teams interface in road
tunnels

PRACOVNI SKUPINA WG4:

Direction signing on a route incorpo-
rating tunnels

Laybys and SOS stations

PRACOVNI SKUPINA WG6:

System and equipment for fire and
smoke control in road tunnels

An assessment of fixed fire fighting
systems

Pozadavky na integrovany pristup
k bezpecnosti a obecné principy
tohoto pristupu. Déle jsou uvedeny
zasady integrovaného  pristupu
a v priloze jsou uvedeny pfistupy
fady zemi v€etné CR (50 s.).
Uvedeny zakladni principy hodnoceni
rizik. Cenné jsou zkusenosti z PIARC
zemi a v zaveru jsou praktické metody
z Rakouska, Nizozemska, Francie
a Itélie (89 s.).

Pouze pracovni verze dokumentu, dle
kterého byl vytvdfen dotaznik pro
zkoumdni bezpecnosti v tunelech
v jednotlivych zemich.

V tvodu je uvedena nutnost pouZiti
ruznych ndstroju pro fizeni bezpeg-
nosti v tunelech, déle jsou pozadavky
na bezpecnostni dokumentaci. Jedna
kapitola je vénovdna poZzadavkum na
sbér dat o mimorddnych uddlostech.
V priloze jsou uvedeny i zkuSenosti
z CR (63 s.).

Pracovni verze dokumentu je zdkla-
dem pro publikaci zpracovanou ve
skupiné WG6 ,.System and equip-
ment for fire and smoke control in
road tunnels*.

Dokument diskutuje chovani ¢loveé-
ka v tunelu v normdlnich i kritickych
podminkdch. Déle poddva doporuce-
ni ke zlepSeni evakuac¢nich moZnos-
ti, které je vzdy doprovazeno prikla-
dy ruznych feseni (67 s.).

Cenné je shrnuti vyvoje ruznych
parametru poZédru. Ddle jsou popsa-
ny zpusoby verifikace udélosti a
aktivit zdchrannych sloZek béhem
pozdru a pozadavky na zpétné
vyhodnocovéni (31 s.).

Dokument popisuje ruzné konfigura-
ce znacek pro razné profily a obecné
principy kompozice znacek vcetné
jejich stridani (31 s.).

Pomérne tly dokument (16 s.) uvadi
priklady odstavnych zédlivi a SOS
stanic tak, jak jsou pozadovdny v Ra-
kousku, Francii, Némecku a gvycarsku.

Pracovni dokumenty skupiny 6 a 2
jsou zpracovany v oficidlni publika-
ci PIARC ¢&. 22464. Jako priklad 1ze
uvést kapitoly: Principy Sifeni koure
na pocatku pozdru, Pouceni z minu-
lych pozéru, Ventilace, Organizaéni
zodpovédnosti atd. Kniha rozpraco-
véava prace PIARC z let 1999-2003
a je vyddna v anglicko-francouzské
verzi (343 s.).

Dokument uvadi priklady pouZiti
sprinklert v ruznych zemich a hod-
noti jejich moZnosti pouZiti.
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Z prehledu vyplyva, Ze byl vykonan velky kus price, a Ze vystu-
py budou na dalsi ¢tyfi roky formovat mysleni odborné vefejnosti.
Autor prispévku predpoklddd, Ze dokumenty budou diskutovéany
v ramci tunelové sekce Ceské silniéni spolednosti a nékteré pod-
statnéjsi zdveéry budou publikovéany i v Casopise Tunel. Oficidln{
verze dokumentd je mozné objednat prostfednictvim internetu
u organizace PIARC.

ROADWARE 2007
ROADWARE 2007

The already 13th international road fare, which was organised by the
Czech Road Association, was held, already traditionally, in Prumyslovy
Paldc at the Prague Fairground. The exhibition area of 1400m? compri-
sed expositions of 70 firms and organisations specialised in activities in
the field of road engineering.

The work of the Road Tunnels technical section, mainly the work in the
field of safety, has been more and more significantly breaking through within
the framework of the Czech Road Association activities. The section even
practically carries out co-ordination between technical activities of the Czech
companies which are members of the ITA/AITES and AIPCR/PIARC.

Uz v poradi 13. mezindrodn{ silni¢ni veletrh organizovan Ceskou sil-
ni¢ni spolecnosti se tradi¢né sesel v Prumyslovém paldci na prazském
vystavisti. Na V}’/stavni plose 1400 m2 byly predstaveny expozice 70
firem a organizaci zaméfenych na ¢innost v oboru silni¢niho stavitelstvi.

Zahdjent veletrhu probéhlo za ticasti vedenf Ministerstva dopravy CR, Ceské
silniéni spoletnosti, Reditelstvi silnic a ddlnic CR a Stitniho fondu dopravni
infrastruktury. Expozici doprovézel uz tradiéné dobfe zpracovany katalog, ve
kterém jsou obsaZeny databaze vystavovatelt i spraved pozemnich komunikaci.

PRAZSKE GEOTECHNICKE DNY 2007
PRAGUE GEOTECHNICAL DAYS 2007

The already traditional May event, the international seminar Prague
Geotechnical Days, which is organised by Stavebni Geologie —
Geotechnika, a. s., in collaboration with the Czech Geotechnical
Society and the Czech Committee of Soil Mechanics and Foundation
Engineering, took place under the auspices of the Institute of
Theoretical and Applied mechanics of the Academy of Sciences of the
Czech Republic.

This year’s very hot topic of the seminar was ‘Deep construction
trenches — New approaches and solutions’. Part of the Prague
Geotechnical Days was the 15t Prague geotechnical lecture
‘A Strategy for Geotechnical Innovation’, delivered by Prof. Frans.
Barends from the GeoDelft Institute, the Netherlands, and a workshop
on the topic ‘Geotechnical Risk Management’, which was mainly focu-
sed on underground structures.

In addition, a prize for young geotechnicians, which was this time
awarded to Lucie Bohatkova from SG-Geotechnika, a. s., for the work
‘Design for and realization of the stabilization of a landslide at the por-
tal of the Hrebe¢ tunnel’ was handed over.

Ve dnech 21. a 22. kvétna 2007 probéh jiz tradi¢ni kvétnovy mezi-
ndrodni semindf Prazské geotechnické dny, organizovany Stavebn{
geologii-Geotechnika, a. s., ve spolupraci s CGtS a CSVMZZS pod
patronaci Ustavu teoretické a aplikované mechaniky AVCR.

Leto$nim velmi aktudlnim tématem seminare byly Hluboké stavebni
jdmy — nové pristupy a feSeni. Soucdsti Prazskych geotechnickych dnu
byla i 15. Prazskd geotechnickd prednéska A Strategy for Geotechnical
Innovation, prednesend Prof. Barendsem z GeoDelft Institut
Netherland, a workshop na téma Geotechnical Risk Management, ktery
byl vétSinou zaméfen na podzemni stavby.

Rovnéz byla preddna cena pro mladé geotechniky, kterou tentokrat
obdrzela Lucie Bohatkovd z SG Geotechniky za prici Projekt
a realizace sanacnich praci sesuvu u portdlu tunelu Hrebec.

V rdmci semindfe nejprve vystoupil Doc. Ing. Jan Masopust, CSc.
z firmy FG Consult, s. r. 0., s pfedniskou Hluboké stavebni jamy
v méstské zdstavbé. Piispévek se tykal nejen obecné problematiky (geo-
technické podklady, metody navrhu hlubokych jam, statické feSeni, moni-
toring), ale zejména praktickych pifkladu z realizace fady zajimavych
projektu v Praze, Bratislavé, Karlovych Varech a Breznu u Chomutova.

Pfispévek Ing. Martina RGZi¢ky z firmy Soletanche CR, s. 1 .0., popi-
soval realizaci sloZitého zakldddni vyskové budovy ve strmém svahu
v Monaku, kde nebylo moZné kotvit pod sousedni budovu. Jako druhy

Tuel

Zvlastni podékovani patri vySe uvedenym organizacim, které vysi-
laly své pracovniky do pracovnich skupin, coZ bylo spojeno
s nemalymi finan¢nimi ndklady a Casovymi naroky. Diky tomu se vSak
Ceskd republika aktivne podilela na formovani dal$iho vyvoje v této
oblasti. Lze si jen prdt, aby podobny tym vznikl po kongresu v Parizi,
protoze jsou jiz dnes definovany problémy, které je nutné resit.

PROF. ING. PAVEL PRIBYL, CSc.,
ndrodni gestor C3.3/PIARC, pribyl@eltodo.cz, ELTODO EG, a. s.

Skupina firem pOdﬂe_]lClCh se na realizaci prOJektovam silni¢nich tune-
10 byla zastoupena Je pOteSUJICI e v rdmci aktivit Ceské silni¢ni spo-
le¢nosti se vyrazné prosazuje prace odborné sekce silni¢ni tunely, a to
hlavné v oblasti bezpe¢nosti. Tato sekce prakticky vykondva také koor-
dinacni ¢innost mezi odbornymi aktivitami realizovanymi asociacemi
tunelovou ITA/AITES a silni¢ni AIPCR/PIARC.

Ceskd silni¢ni spoletnost usiluje o roziifeni a zmény v poitu
a zaméfeni sekci tak, aby co nejvice odpovidaly nové strukture
AIPRC/PIARC a jejim vybortim. A pravé ndpln a zaméfeni odborné
sekee silni¢nich tunelu tomuto pozadavku vyhovuje.

Z dalgich aktivit CSS Ize uvést celostdtn{ silniéni konferenci konanou tradic-
né v fijnu, spolupréci s geotechniky na ]armch semindrich a dopravné-i mzenyr—
ské dny. Usili ¢lenti spole¢nosti a jejich organii je sméfovéno ve vytvateni pro-
storu pro odbornou diskusi ke koncepénim, technickym a ekonomlckym otdz-
kam celého oboru véetné silniénich tunelii. CSS se proto ti¢astni zpracovam stu-
dif a expertnich posudk zaméfenych na aktudlni problematiku napf. na finan-
covdni rozvoje ddlnic nebo rozvoj dopravm’ infrastruktury pro dané tizem.

Veletrh Roadware plnici nejen SVO_]I funkci obchodni, ale i odbornou,
piedstavovanou aktivitami CSS, si snad svou tlohu podri i do dal3ich let.

ING. PETR VOZARIK, vozarik@metrostav.cz,
METROSTAY a.s.

projekt byla popisovdna vystavba kruhovych pazicich podzemnich stén
v prostiedi mékkych morskych ndplava v Singapuru. Vzhledem
k idedlné kruhovému tvaru byla konstrukce namdhédna pouze tlakem
a nebylo nutné pouZit dal3i zajisténi.

Zahrani¢ni host Dr.-Ing. Roberto Cudmani, MSc. z firmy Bilfinger
Berger AG v Némecku ukdzal numerické modelovéni vystavby hlou-
beného tunelu v mekkych morskych jilech v Oslu. Hloubeny tunel byl
zajistén systémem paralelnich podzemnich stén s pfi¢nymi prevdzkami.

Ing. Zdenék Boudik, CSc. z firmy Keller — specidln{ zakladéni, spol.
S 1. 0., sezndamil posluchace se dvéma projekty. Jednim byla vystavba
podzemnich gardZzi pod stdvajici historickou zdstavbou a v blizkosti
feky Mur ve Styrském Hradci. Druhym zajimavym projektem bylo
podchycovani stévajiciho zdiva a novych sloupt v komplexu Palladium
na namesti Republiky v Praze.

Poslednim prednéSejicim v dopolednim programu byl Prof. Ing. Peter
Turek, CSc. z katedry geotechniky SVF STU v Bratislavé. Ve svém piis-
pevku se zabyval tfemi projekty hlubokych stavebnich jam v Bratislave.
Jednalo se o aredl CBC v KaradZicovej ulici, aredl Eurovea a stavebni jamu
pro River park. Prof. Tur&ek u vSech projektu podrobné analyzoval problé-
my pritoku podzemni vody do stavebnich jam a jak tyto piitoky omezit.

Odpoledni program byl zahdjen preddnim Ceny akademika Quido
Zaruby pro mladé inZenyrské geology a geotechniky. Leto$ni cenu
porota udélila RNDr. Lucii Bohatkové ze Stavebni geologie
Geotechnika, a. s., za analyzu pricin sesuvu svahu pfi vychodnim por-
talu tunelu Hrebe¢ a nésledné fizeni sanacnich praci.

Druhy den Prazskych geotechnickych dnu byl vénovan workshopu
na téma Rizeni geotechnickych rizik (Geotechnical Risk Management).
Po tvodnim slovu Prof. Barendse nésledoval prispévek Ing. Martina
Staverena z GeoDelft Institute v Nizozemi na téma Uncertainty and
ground conditions. A risk management approach. Tento prispévek byl
doplnén vystoupenim Doc. Ing. Alexandra Rozsypala, CSc. na téma
Predpoklady fizeni geotechnickych rizik podzemnich staveb.

Po prestavce nésledovaly prispévky Ing. Vlastimila Rojika na téma
Praktické zkuSenosti s fizenim rizik, Ing. Petra Chamry na éma
Pristupy k fizeni rizik na projektu, Ing. Vladislava Johna na téma Rize-
ni rizik v navrhovani a realizaci podzemnich staveb.

Workshop byl uzavren panelovou diskusf, kterou ridil Prof. Barends.
Z diskuse vyplynulo, Ze existuji v§echny predpoklady pro to, aby meto-
dika fizeni rizik na inZenyrskych stavbach byla zavedena do bézné
inZenyrské praxe a stala se souldsti pracovnich standardq.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz, SG-GEOTECHNIKA, a. s.
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VYROCI / ANNIVERSARIES

SPOLECNE VYROCI VODNIHO DILA ZELIVKA A PRAZSKEHO METRA V ROCE 2007
JOINT ANNIVERSARY OF THE ZELIVKA WATER SCHEME AND PRAGUE METRO IN 2007

Twenty years have passed this year since the overall completion of
the most important water-supply scheme in the Czech Republic, which
supplies drinking water to Prague and a significant part of the Central
Bohemian region. The year 1987 saw the completion of the Zelivka
waterworks, with the capacity of 7000 l/sec. Part of the scheme is
a 51,332m long aqueduct tunnel.

Moreover, the year 2007 means, in a way, an anniversary even for
the Prague Metro construction. It was forty years ago, in 1967, that the
fundamental decision was made that a heavy rail mass transit system
(metro) be developed in Prague and (one year after the commencement
of the construction work) the concept of light rail system (so-called
’subsurface tram’) be abandoned. The project teams coped with this
change without interrupting the operations, and the metro construction
continued without any delay.

Nezasvéceného Ctendre muZe prekvapit souvislost dvou tak odlis-
nych staveb, prehrady s dpravnou vody a podzemni drédhy pod stové-
Zatou Prahou.

K objasnéni se musime vratit o mnoho let zpétky, do doby vzniku
firmy Metrostav. Psal se rok 1971, kdyZ jiny vyznamny podnik té doby
— Vodni stavby — se stal tzv. vyrobné hospoddrskou jednotkou a z jeji
podstaty byl vy€lenén ndrodni podnik Metrostav. Jadrem nové firmy,
dnes akciové spoleCnosti, se staly drivejsi zavody Vodnich staveb
02 — Zelivka a 04 — Metro se svymi zkuSenymi pracovniky, ktef{ posta-
vili velkd vodni a inZenyrskd dila jako Slapy, Lipno, Orlik, Nechranice
a ktefi se pustili do stavby Zelivky i do stavby metra.

PrestoZe byl novy podnik zaméfen predevsim na vystavbu metra,
podilel se i na dalSich inZenyrskych a dopravnich stavbich v Praze
a pro Prahu v duchu svého podnikového sloganu ,,Stavime pro hlavni
mésto Prahu®.

Spoluprice mezi obéma stavbami — metrem a Zelivkou — byla vzdy
bezprostiedni. Pracovnici z VDZ se objevovali na stavbach metra vzdy
v rozhodujicich chvilich, kdy bylo nutno urychlit dokoncovaci price
pred uvadénim jednotlivyjch provoznich tras metra do provozu.
Pracovali na priklad na stanici Muzeum trasy C, na Mustku trasy A, na
stanicich trasy C do Jizniho Mésta i na povrchovych tpravach pred
otevrenim trasy B.
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Situnce vodniho dila Zellvka.
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Obr. 2 Situace vodniho dila Zelivka, pFicny Fez hrdzi a voddrenskou $tolou
Fig. 2 Situation of the Zelivka waterworks; a cross section through the dam

and aqueduct tunnel

Obr. 1 Dispozice hlavnich objektu voddrenske’vho komplexu VDZ
Fig. I Layout plan of main structures of the Zelivka water supply scheme

A naopak vyrobni zdkladny metra zajidtovaly pro Zelivku mechani-
zatni, dilensky, dopravni tesafsky a Zelezarsky servis. V letech
1986-1987 na opldtku pracovnici z metra pomohli pfipravit III. —
a posledni — etapu vystavby VDZ do provozu.

Letos si tedy pripomindme dvacété jubileum dokonceni vodniho
dila Zelivka. Rok 1987 piinesl naplnéni mnohaletého dsili stavbati
a dalSich uCastniki vystavby — zahdjeni komplexnich zkouSek na
plnou kapacitu nové tpravny, tj. na 4000 litrQ /s, ¢imZ bylo dosaZzeno
celkového projektovaného vykonu vodniho dila — 7000 litri upravené
vody za sekundu.

Rok 2007 je vSak svym zpusobem jubilejni i pro stavbu prazského
metra. Pred Ctyficeti lety, v roce 1967, padlo totiz zdsadni rozhodnuti:
postavit v Praze podzemni drdhu typu metra a opustit (rok po zahdje-
ni stavby) koncepci tzv. podpovrchové tramvaje. Stavba se s touto
zmeénou vyrovnala ,za pochodu”, bez zdrZeni navizala vystavba
metra.

Vratine se viak k poCitkiim stavby na fece Zelivce. TFi stavebni
etapy tohoto sloZitého vodniho dila predstavovaly po dvé desetileti
postupné budovani dal$iho zdroje pitné vody pro Prahu, kterd pfi svém
rozvoji jiz nemohla vystacit s vodou ,,kdranskou* a ,,podolskou‘.

Bylo to obdobi dokonCovéni Nechranické prehrady na Ohfi, odkud
byli v roce 1965 premisténi prvni pracovnici do Nesméfic u Zruce nad
Sazavou, aby zde vybudovali zafizeni stavenisté pro budouci stavbu
VDZ. Souasné skupina zkuSenych inZenyr Vodnich staveb piipravo-
vala realizaci stavby a také odbornici z tehdej$tho podniku Uranové
doly zahajovali pripravu na raZeni padesdtikilometrového $tolového
privadéce pro dopravu upravené vody do Prahy.

O dva roky pozdéji, v roce 1967, se prestéhovalo z Nechranic do
Nesméfic celé vedeni zdvodu 02 Vodnich staveb a price se rozbéhly
naplno. Vyznamnym meznikem toho roku se stal 7. prosinec, kdy doslo
k prevedeni vody Zelivky odpadni §tolou sdruzeného objektu, umoziuji-
cf zaloZeni zemni hrize v celém rozsahu. A vzapéti — na Stédry den —
doslo k jedné z nejvaznéjsich kriz{ stavby. PriSla velkd voda a ohroZovala
prelitim hrdz pravobreZni jimky. Jen s krajnim vypétim a obétavosti doze-
ristd, neustdle zvySujicich korunu hréze, bylo zabranéno destrukci, kterd
by méla katastrofaln{ ndsledky zejména pro obec Nesméfice v podhrazi.
Stravil jsem tehdy Vanoce v gumovkach na hrazi.
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Obr. 3 Udoli Feky Zelivky pied zahdjenim stavby
Fig. 3 A view of the Zelivka River valley before the construction commencement

TakZe i VDZ si pripomind kromé dvacétého i &tyficité jubileum
vyznamnych uddlosti, tak jako metro.

Prvni etapa vystavby VDZ, jejimZ cilem bylo zajistit 3000 litréi vody/s
pro Prahu, byla pak slavnostné uvedena do provozu pred tficeti péti lety,
dne 25. kvétna 1972. Voda z dpravny zacala proudit Stolovym privadé-
gem do Prahy. Tento dosud nejdeli tunel v CR patfi u nds i ve svété mezi
unikdtni inZenyrsk4 dila jak svym technickym uspordddnim, tak odvéz-
nosti koncepce dopravy pitné vody z vodarny do mist spotreby na vel-
kou vzdalenost. Zasobuje rozsdhla izemi s vysokou koncentraci obyva-
telstva a nenf za néj nahrady. Proto velmi zdleZi na jeho bezporuchovém
provozu.

Privadég, jehoz generdlnim dodavatelem byl pravni predchudce dnes-
ni akciové spolecnosti Subterra, tehdejs$i ndrodni podnik Uranové doly
Piibram, byl raZen konvenénim zpasobem pomoci trhavin soucasné ze
14 Celeb a jeho délka je 51,332 km. Navazuje na regulacni vodojem
tpravny vody a konci uzdvérovou komorou ve Vestci, kde se rozveétvu-
je do dvou potrubi DN 1600 délky 606 m, kterd usti do pritokovych
komor vodojemi Jesenice. Stola je kruhového profilu, v podstatné &asti
opatfena betonovou obezdivkou o tloustce 20 — 35 cm z monolitického
betonu, kterého bylo do podzemi uloZeno pies 250 000 m3.
V exponovanych mistech je pocitdno se spoluptisobenim t€7ké hutni
vyztuZe. Svétly pramér $toly je 2,64 m. V misté prechodt a vys§ich tlaku
je opatfen ocelovym potrubim o tloustte 10 mm upnutym do betonové
obezdivky. Povrch potrubi je uvnité chrdnén metalizaci a ochrannymi
nétéry. Privadé¢ podchézi pod fekami Blanici a Sdzavou shybkami
v hloubce 20 a 30 m. Vyskovy rozdil mezi za¢atkem a koncem privadé-
pomery se pohybuji v rozmezi od 0,02 %o do 9,90 %o. Minimalni vyska
nadloZf je 7 m, maximalni 175 m. Na SP je 18 objekti, které umoZiiuji
spravnou hydraulickou funkci, provoz, tdr7bu a revize celého SP.

Stavba VDZ pfinesla i nékolik daliich zajimavych technickych fese-
ni. Tak na priklad vany filtrii Gpravny vody usporddané do 32 filtratnich
jednotek byly postaveny — smontovény ze vzdjemné spinanych prefab-
rikovanych sténovych desek. S dspéchem byla zavedena vyroba filtrac¢-
nich meziden, kterd mohla byt dod4dvéna i na jiné stavby v rdmci podni-
ku. Sachtovy preliv sdruzeného funk&niho objektu byl postaven
z licovych prefabrikati bez podepreni previslych ploch prelivné ,lilie
podle patentovaného feSeni autora ¢ldnku, které bylo vyuZito i na vod-
nim dile RuZin na Slovensku. Svym zpusobem unikdtn{ byla i stavba
dvou stotisickubikovych vodojemu v Jesenici u Prahy v rdmci I. a II.
etapy vystavby.

Neni rovnéZ bez zajimavosti, Ze prvni tézky ripper-dozer Caterpilar
D8H a kolovy naklada¢ 986K byly u Vodnich staveb nasazeny prave
na VDZ pfi zaklddani injek&ni Stoly hrdze a pfi hloubeni zakladové
jamy pro regulaéni vodojem na tpravné vody. Pfi ndsypu zemni hrdze
se znovu uplatnila osvédCend téZebni a dopravni technika z vodniho
dila Nechranice. V zemniku stabilizacnich hlin u Hulic pracoval
mohutny elektricky bagr o obsahu 1zice 2,5 m3 a byly zde — ale bez
ocekavaného efektu — vyzkousSeny i velkotonazni vozy, soupravy
T 138 + D 10 (jednoosé tahace s dumprem o nosnosti 20 t), prezdiva-
né ,brontosaurus“. Jilové materidly tésnictho jddra se dovdzely
z blizké lokality u Svihova. Jejich hutnéni byla vénovina zvl4stni
péce zejména v napojeni na injekcni Stolu a sdruzeny objekt. Nasyp
telesa zemni hrdze, rozdéleny na stabilizaéni a tésnici Cdst, filtry

Obr. 4 Pohled stejnym smérem po dosypdni hrdze na kotu prvni etapy
Fig. 4 A view in the same direction, after the completion of the 1% stage of the
embankment

a kamenny pohoz, byl citlivy na povétrnostni vlivy. Zajisténi jeho
kvality mohlo byt dosaZeno jen dobrou spolupraci se staveniStn{ labo-
ratori. Pod jeji kontrolou byla pfirozené i kvalita betonu piisné sledo-
vand zejména z hlediska vodotésnosti. Tehdy se jeSté prili§ nevyuZzi-
valo ¢erpaného betonu.

K ukladani betonu, ale i k montdZi bednéni a vyztuze, slouzil jediny
veézovy jerdb MB 120.

Nasyp télesa hraze byl pavodné rozvrZen do dvou etap vystavby vod-
niho dila. To by bylo v§ak znamenalo prerusit osvédceny cyklus zem-
nich praci na deset let.

Stavba byla tehdy postavena pred otdzku: dokoncit jen prvni etapu
ndsypu na vysku 40 m, presunout mechanizaci a zapracované posadky
na jiné stavby, nebo dosdhnout uvolnéni potfebnych investi¢nich pro-
stredkul v predstihu a plynule pokradovat se zvySovanim koruny hraze
o dalsich 18 m na definitivni k6tu. Garance termint doddvky vody pro
Prahu byla prirozené zédkladni podminkou nového névrhu, ktery prind-
Sel zvétSeni objemu zemnich praci na dvojndsobek — na 2,3 miliont m?.
Soucasné vSak bylo nutno zajistit mnoho stavebnich tprav ve zdrzi,
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Obr. 5 SdruZeny objekt s prelivnymi liliemi
Fig. 5 The combined intake-emergency spillway tower




Obr. 6 Loze pro montdz soupravy CIFA k betondzi Stolového privadeéce
Fig. 6 The bed for the assembly of a CIFA formwork set for casting of the
aqueduct tunnel lining
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demolic stavajicich a vystavbu nahradnich objekta v&etné komunika-
ci, odlesnéni a asanace izemi.

Byl to tehdy kli¢ovy moment vystavby, rozhodujici o jejim dspéchu
¢i nedspéchu, a to zejména z ekonomického hlediska. Tehdej$imu vede-
ni zdvodu se podarilo za porozuméni a vyznamné podpory investora
prosadit progresivni feSeni postupu stavby bez preruseni. To prineslo
i zvySeni kvality surové vody diky moZnosti vyuzit cely zasobni prostor
zdrze v predstihu jiz béhem provozu 1. etapy dila. V souladu
s harmonogramem vystavby bylo 1. 9. 1969 zahdjeno napoustén{ nadr-
Ze a v listopadu 1971 byla hraz dosypana na kone¢nou kétu.

VSechny pldnované parametry dila byly splnény: terminy, kvalita
i rozpoctové ndklady.

S devizou uspésné finality a kvality stavebnich praci pak pokracoval
Metrostav i na trasdch prazského metra; od pamdtného kvétna roku
1974, kdy vyjel prvni vlak pod Prahou, pres dalsi dseky, kterymi se uza-
viel roku 1985 trojihelnik sité tif tras metra v centru mésta, sité, kterd
se neustale rozrusté a neskon¢i, dokud mésto Zije a ddl se rozviji.

V souvislosti s metrem vyrostly v Praze a pro Prahu i dals{ stavby:
rekonstrukce lanovky na Petiin, centralni tenisovy dvorec na Stvanici
a mnoho jinych. Pred dvaceti lety, v roce 1987, k nim pfibyla i III.
a posledni etapa Vodniho dila Zelivka.

Od té doby pritekly do Prahy miliardy litri pitné vody, od t€ doby pri-
bylo k prvnim tfem provoznim tsekim metra na trasich A, B, C dal§ich
22 km kilometrQi novych trati. A stavba novych dseku metra pokracuje,
nové tunely se prodluzuji do vzdalenych Ctvrti a pripravuji se jiz trasy
pro pristi generace.

ING. KAREL MATZNER, matzner@volny.cz

(4) Uhlik: 30 let Vodniho dila Zelivka — zkuSenosti z provozu Stolového privadéce, Tunel 2002
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

PROC PRAVE ,4. DIMENZE VELKOMEST"?

(zamysSleni k 11. ¢ervenci = k Svétovému dni populace)
WHY WAS IT “THE 4™ DIMENSION OF METROPOLISES"?
(reflection on the occasion of the 11th July — the World Population Day)

After the successful conference “Underground Construction Prague,
20037, when the CTuC decided to stand as a candidate for the
ITA/AITES WTC 2007 in Prague, it was necessary to find the congress
motto which would focus the technical topics on burning issues of the
underground engineering from a wider perspective. Not only technical
issues but also all-society ones.

The orientation on the exploitation of the underground space in big
cities is based on many demographical studies carried out during recent
decades, which were even included into the agenda of the UNO General
Assembly. Underground urbanism had become a new technical and
architectural discipline. Thus the content of the term ‘underground engi-
neering’ became much wider compared with the original narrow tun-
nelling concept. This was why the CTuC chose, in line with the
ITA/AITES strategy, the title for the World Tunnel Congress 2007 in
Prague: Underground Space — 4th Dimension of Metropolises.

Kdyz se po tspesné tuneldrské konferenci ,,Podzemni stavby Praha
2003 rozhodl CTuK kandidovat na pofadani svétového tuneldfského
kongresu ITA/AITES WTC 2007 v Praze, bylo tfeba zvolit ndzev kon-
gresu, ktery by orientoval odbornd témata na pal¢ivé problémy pod-
zemniho stavitelstv{ z $irStho hlediska. A to nejen na problémy technic-
ké, ale i celospoleCenské. Nejde pouze o to, umét postavit podzemni dilo
i v téch nejobtiznéjsich geotechnickych podminkdch, ale nalézt a obhdjit
pro jeho realizaci padné, presvédCujici argumenty spolecenské, rozvo-
jové, ekologické a ekonomické, zvyraznujici jeho vyuZiti a tcelnost
z dlouhodobych hledisek.

MuZe to byt mnohdy obtiZnéjsi, neZ nalézt optimalni technické feseni.

ITA-AITES se touto problematikou zabyva jiz radu let a svou strate-
gii vyjadrila i publikaci ,,Why go underground? vydanou v roce 2002
jako prispévek pro vyuZiti podzemi k udrZitelnému rozvoji spole¢nosti.

Orientace na vyuziti podzemi ve velkoméstech vychdzi z mnoha
demografickych studii poslednich desetileti, které se dostaly se i na
porad jedndni Valného shromdzdéni OSN. Zaseddni UN HABITAT
v Ankare se jiz koncem osmdesdtych let zabyvalo napf. prognézami
a perspektivami vyvoje spole¢nosti z mnoha hledisek, pri¢emZ vzrusta-
jici migraci venkovského obyvatelstva do mest byla vénovana mimo-
fadnd pozornost. Za cely svét soustieduje data Popula¢ni divize OSN.

Podzemni urbanismus se stal novou technickou a architektonickou
disciplinou. Pojem podzemniho stavitelstvi se jim Siroce oteviel
z puvodniho tzkého pojeti tuneldiského. Svétové tuneldrské kongresy
ve vyctu svych témat neopominaji podzemni urbanismus citovat.

Pripomenme si, Ze piikladem pro dalii rozvoj této discipliny bylo
znamé Ville Souterraine, nejvétsi podzemni mésto na svété, budované
od 60. let minulého stoleti pod historickym centrem Montrealu. Zhruba
na 4 milionech m? plochy se tu nachézi pres 1600 obchodi, 200 restau-
raci, 45 bank, desitky divadel a hotelu.

Profesor Sebastiano Pelizza, exprezident ITA-AITES, zduraznoval: ,,Prirastky
obyvatelstva, rostouci pocet velkych mést, problémy se zdsobovdnim pitnou
vodou, odvadénim odpadnich vod, jakoZ i zajisténi dopravnich cest, zavlazova-
cich zarizeni, presun lidf a zboZz{ mezi regiony, zemémi a kontinenty, prinaseji ne-
ustdle rostouci potfebu stavebnich aktivit v podzemnim prostoru. Tunely umoz-
nuji a ulehCuji lidské Cinnosti. Jsou sice nakladnéjsi, ale predstavuji vyznamny
prinos k ochrané Zivotniho prostredi, bezpe¢nosti v dopravé a v ochrané mést-
skych Zivotnich prostor, ke zkrdceni dopravnich cest a k ¢asovym dspordm.
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Cesta sméfujici do podzemi se stdle Castéji stdvd jedingm feSenim.
V casopise Tunel jsme se touto problematikou jiz vicekrat zabyvali.

V Praze symbolizovala cestu do podzemi od pocdtku stavba metra.
Proto i publikace o jeho vystavbé vydand na pocdtku devadesatych let
nesla nazev ,,Metro — &tvrtd dimenze velkomésta“. Nezustalo vSak jen
u metra, pokracuje sit' kolektortl a planuji se dal§f stavby.

Proto jsme nevdhali a v souladu se strategii ITA/AITES jsme zvolili
v tomto smyslu i ndzev svétového kongresu 2007 v Praze. Do tohoto
rdmce vhodné zapadlo i téma Open Session zvolené Ex-Co ITA/AITES.
Zabyvalo se financovdnim podzemnich staveb z mnoha hledisek
a zduraznilo formu ,,PPP“ — Private Public Partnership, kterd rozsiruje
zdjem organizaci zuCastnénych na vystavbé o trvalou prosperitu
a efektivnost podzemniho dila. Vyuziti podzemniho prostoru pod zastavé-
nym tzemim, ,,subvildnu“ velkomést, prestdva byt problémem technic-
kym, jak nds o tom presvédCily prispévky Keynote Lectures i dalsi pris-
pévky letosniho kongresu, ale zistdvd problémem pievazné ekonomic-
kym.

U prileZitosti leto$niho Svétového dne populace si muZeme ovéfit, do
jaké miry byly diivéjsi progndzy, které jsme Casto povazovali az za prili§
pesimistické, opravnéné.

V rozhlasové besedé 11. Cervence vénované témto problémam vystou-
pila Prof. Dr. Jitka Rychtatikovd z katedry demografie a geodemografie
Prirodoveédecké fakulty Univerzity Karlovy a predsedkyné Ceské demo-
grafické spoleCnosti. Na mnoha c¢islech demonstrovala, Ze skutecnost
drivéjsi progndzy nejen potvrzuje, ale i prekondva.

Za poslednich 500 let pocet obyvatelstva vzrostl zhruba 20x, z 300 mili-
onu na 6,7 miliardy.

Za poslednich 50 let se pocet obyvatel zemékoule zdvojndsobil, pfi-
CemZ se vyrazné zménila vékovd pyramida narastem vékové skupiny
60-65 let. V roce 1800 Zila na svété 1 miliarda lidf, v roce 1987 jiz 5 mili-
ard, v soucasnosti 6,7 miliardy. A to pfi stagnaci obyvatelstva vyspélych
zem{ a s mohutnymi piristky v zemich rozvojovych.

Zndmym prikladem je Cina, kde pocet lidi v letech 1949 — 1969 vzros-
tl z 542 miliont na 807 miliont, za poslednich sto let se zvysil 7x a roku
1998 doséhl 1,223 miliardy obyvatel i pri limitované porodnosti 1 dité na
rodinu od roku 1979. Soucasny priristek poctu obyvatel je 1.4 % za rok.
Pfi obrovské rozloze téméf 10 mil. km? dosahuje Cina lidnatosti téméf
jako CR, 128 ob./km? (CR 132 ob./km?).

Podle poslednich tdaju Popula¢ni divize OSN

— je celosvétové vyvoj obyvatelstva za kulminaci jeho prirastku;

— prirustek Cinil v poloviné Sedesdtych let 2,5 % =za rok,
v rozvojovych zemich az vice nez 3,0 %, dnes jiz je pod 2.5 %
(v Evrope 0,1%!);

— predpoklada se pokles porodnosti do roku 2050 na 2 déti na jednu
Zenu a ustélen{ poctu sveétové populace na 9.4 miliardy;

— na prelomu let 2007/2008 (tj. dfive oproti puvodnim predpokladim)
bude Zit na svété 50 % populace ve méstech a podil méstského oby-
vatelstva se bude naddle zvySovat.

Nids tedy zv1ast' zajimé posledni ddaj, ktery ma piimy vliv na problema-

tiku vyuziti podzemniho prostoru ve méstech. Na tuto migraéni vinu
nejsou dosud svétovd mésta hlavné v rozvojovych zemich vubec pripra-

»squatty“ a ,,favely ve svété latinskoamerickém ¢i indické ,,zopadpatti*.

A7 se prechyli jazyek na pomysInych vahdch ve prospéch méstské popu-
lace, ti prvni pravdépodobné pribudou — do slumu.

Podle OSN je slum méstskou oblasti, kde lidé Ziji vétSinou v preplnénych,
ilegdlné postavenych piibytcich, v nichZ chybi Cistd voda a odpovidajici
hygienickd zafizeni. Podle odhadd OSN ve slumech dnes Zije vice neZ mi-
liarda lidi, tedy tfetina obyvatel mest, a toto &islo ddle poroste.

Jejich prikladem mohou byt snad nejvétsi svétovy slum — &tyrmiliono-
vd chudinskd &tvrt Neza-Chalco-Itza v Ciudad de México i nejvetsi asij-
sky slum Dhardvi o rozloze 2,5 km? a milionem obyvatel v centru dva-
ndctimilionové Bombaje, slumy na obvodu africkych mést, neprehledné
chudinské ¢tvrti v perudnské Limé ¢i kolumbijské Bogoté nebo primitivni
osidlenf prilepené na svazich kolem Rio de Janeira. ZvI43t drastickd situ-
ace pak nastdvd v Cin¢, kde soucasny stav infrastruktury mést zdaleka
neodpovidd a nestadi rychle rostoucim investicim v rdmci prekotné indu-
strializace zeme.

Zajimavé je, ze nejvice méstského obyvatelstva zZije v USA a Kanadg,
pak v Latinské Americe a aZ na 3. mist¢ je Evropa, kde se v rdmci EU
uvadi 70 % obyvatel bydlicich ve méstech. To odpovida i stavu v CR, pfi-
Cemz se ale predpokladd, Ze méstskym zpusobem Zijicich obyvatel je u nds
jeste vice.

Svétovy den populace ndm pfipomind problematiku, kterd se nds
v Evropé az tak bezprostiedné nedotykd, ale jak dlouho...? Demografické
tdaje nepfimo, ale vyrazné potvrzuji spravnost orientace podzemniho sta-
vitelstvi na citovanou 4. dimenzi velkomést, kterd by mela prispét k reSeni
rostoucich ndroku na méstskou infrastrukturu.

V té souvislosti jsou zajimava i ¢isla porodnosti u nds a ve svété. Oproti
celosvétovému praméru presahujicimu zatim 2 déti na 1 Zenu, byl u nds od
pocdtku 60. let zaznamendvan pokles porodnosti aZ na 1,13 ditéte v 90.
letech, v soucasnosti je pak 1,3 a letos se ofekdva dalsf rust na 1,4 ditéte.
Odpovida to situaci v Némecku a Rakousku, jen Francie si udrzuje vyssi
procento — 1,98 %. Pfitom je zajimavé, Ze romskd populace s vy$§imi pri-
rustky celkové procento ovliviiuje zanedbatelné a Ze vliv pristéhovalcu je
kratkodoby; pristéhovaleckd populace, byt momentalné s vy§$imi piirust-
ky, se brzy dostane na prumér populace domdci.

Prognéza vyvoje u nds neni tedy podle Prof. Rychtaiikové nijak opti-
mistickd. Podle soucasnych tdaji maZe klesnout pocet obyvatel v CR do
roku 2050 na 8 miliondi. A pfi vypoctu podle varianty konstantni plodnos-
ti, tj. pfi zachovdn{ stavu plodnosti v CR z roku 2000, by v roce 2300 Zilo
v CR pouze 60 000 obyvatel.

Ale tim se jisté neddme deprimovat. Zatim svétovd mésta Celi zcela
opa¢nému problému. K jeho zdoléni je tfeba tu ¢tvrtou dimenzi velkomést
co nejefektivngji vyuzit.

ING. KAREL MATZNER, matzner@volny.cz
sekretdr védecké rady ITA-AITES WTC 2007

Podklady:

ITA/AITES: Why go underground?

Hamburg Messe und Congress GmbH: Die Zukunft liegt unter uns

Reader’s Digest Vyber: Atlas svéta pro nové stoleti

National Geografic, 2007 5

Rozhlasovd beseda s Prof. Dr. Jitkou Rychtarikovou, predsedkyni Ceské
demografické spolecnosti, katedra demografie a geodemografie

Prirodoveédecké fakulty Univerzity Karlovy
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PODZEMNI VYUKOVE STREDISKO JOSEF OTEVRENO
INAUGURATION OF THE UNDERGROUND EDUCATIONAL FACILITY JOSEF

20th June saw the inauguration of the Underground Educational
Facility Josef (UEF Josef) of the Faculty of Civil Engineering of the
Technical University in Prague. The facility was developed in a part
of an abandoned mining working near Prague, in the Celina —
Mokrsko locality, which was closed after an extensive survey into
gold deposits. This locality was chosen, first of all, because of the
fact that the underground spaces run through a wide rock spectrum
and underground engineering-related activities can be demonstrated
under various geological conditions, within a relatively small space.
The outlook for the future is that the UEF Josef will be available
even for other universities, research institutes and firms active in the
field of underground engineering, domestic and foreign.

20. ¢ervna 2007 bylo slavnostné otevieno Podzemni vyukové
stiedisko Josef (PVS Josef) Fakulty stavebni CVUT v Praze.
Otevreni tohoto jedine¢ného pracovisté se zudastnilo 130 hostu
reprezentujicich vysoké skoly, firmy z oboru stavebniho inzenyrstvi
a stdtni spravu. Souddsti slavnostniho ceremonidlu bylo i vysvécen{
sosky svaté Barbory Jifim Kopejskem, velmistrem Rytifského fadu
kifzovniku s ¢ervenou hvézdou.

Stredisko vzniklo v ¢ésti opusténého podzemniho dila v lokalité
Celina — Mokrsko, které bylo po rozsahlém priizkumu zlatonosnych
lozisek uzavrieno. Tato lokalita byla vybrana zejména proto, Ze pod-
zemn{ prostory prochdzeji napfi¢ Sirokym horninovym spektrem

Obr. 1 Vstupni portdl $toly Josef
Fig. 1 The entrance portal of the Josef gallery

Obr. 3 Ing. Jiri Bélohlav, generdlni Feditel Metrostay a. s., preddvd symbolicky
kli¢ od podzemi dékanovi stavebni fakulty CVUT prof. Z. Bittnarovi

Fig. 3 Ing. Jiri Bélohlav, Metrostav a. s. CEO, passes the symbolical key of
the underground over to Prof. Z. Bittnar, the Dean of the Faculty of Civil
Engineering of the Technical University in Prague

a na pomérné malém prostoru je mozné ndzorné demonstrovat in-
nosti souvisejici s podzemnim stavitelstvim v riznych geologickych
podminkéch.

Soucasny stav PVS Josef predstavuje 600 m zrekonstruovanych
Stol s kratSimi bo¢nimi rozrdZzkami a provizorni povrchové zdzemi
pro studenty a pedagogy. Rekonstrukci podzemi provedl na své
ndklady Metrostav, a. s.

Pro studenty a pedagogy FSv CVUT je toto pracoviité vyznam-
nym krokem k inovaci vyuky v oblasti geotechniky, geologie, inze-
nyrské geologie, materidlového inZzenyrstvi, specidlni geodézie, dul-
niho méri¢stvi atd. Vyuka bude zahdjena v novém akademickém roce
2007/08.

Vyhled do budoucnosti poéitd se zpfistupnénim PVS Josef
1 ostatnim vysokym Skoldm, vyzkumnym institucim a firmdm
z oblasti podzemniho stavitelstvi z Ceské republiky i ze zahraniéi.

Vize konecné podoby predpoklddd zprovoznéni, resp. vyrazeni
dalsich podzemnich prostor a dobudovani moderniho zazemi (rekon-
strukce stdvajici budovy pro administrativni servis, ubytovaci kapa-
city, dilny a povrchové laboratofe). Tim by se mél cely aredl premeé-
nit v Podzemni vyzkumné centrum Josef. Smélé plany jsou vSak pod-
minény ziskanim finan¢nich prostiedku ze strukturdlnich fonda EU.

PROF.ING. JAROSLAV PA’CVOVSKY, CSc.,
pacovsky@fsv.cvut.cz, FAKULTA STAVEBNI CVUT PRAHA

Obr. 2 Cdst rekonstruované pdterni Stoly
Fig. 2 Part of the reconstructed arterial gallery

Obr. 4 Prof. J. Pacovsky seznamuje hosty s expozicemi pro studenty
Fig. 4 Prof. J. Pacovsky acquaints the guests with expositions for students
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 14. 5. 2007)
NOVE SPOJENI - VITKOVSKE TUNELY

V jiznim i severnim razeném tunelu pod vrchem Vitkov dokon-
¢ily firmy METROSTAV a. s. a SUBTERRA a. s., betondZe defi-
nitivniho osténi z monolitického betonu. V dobé sepisovani aktu-
ality provddi SUBTERRA betondZz poslednich dvou sekci
hloubeného tunelu pred zdpadnim portdlem. V trase tunelt se
poklddaji drenéze, betonuje se dno do vysky zdkladovych prahu
tunelovych trub, osazuji se suchovody a dokoncuji se priace na
hrubé stavbé tunelt a jejich propojek. V nejbliz§im obdobi bude
zahdjeno zasypdvani hloubenych dsekt a provadéni findlnich
terénnich dprav u obou portdld tunelovych trub. Pfedani dvou-
kolejnych Zelezni¢nich tunelt investorovi je planovano ke konci
dnora 2008.

TUNEL KLIMKOVICE

V tunelu B byly dokonceny price na cementobetonovém krytu
vozovky. Na tunelu A se v soucasné dobé betondz krytu zahaju-
je. Zasypy na portdlech jsou dokonceny s vyjimkou uloZeni
mozaiky lomového kamene na ostravském portdle. Firmy
METROSTAV a.s. a SUBTERRA a. s., provadéji posledni drob-
né dokonlovaci prace a zajistuji provddéni montdZe provozni
technologie v tunelovych troubdch.

TUNEL SPEJCHAR - PELC TYROLKA (SPELC)

Z trojské strany zahdjil METROSTAV a. s., razbu severni
tunelové trouby (STT) 9. Cervence. STT md celkovou délku
2 230 m, z toho je 1568 m dvoupruhovy a 662 m tfipruhovy tunel.
Razba se provadi podle zdsad Nové rakouské tunelovani metody.
V soucasnosti se razi v technologické tfidé IV o plosnosti kaloty
67,64 m2 a pri¢ném prafezu opéfi se spodni klenbou 54,08 m?2.
Dosud je vyraZeno od portdlu 110 m kaloty, 36 m opéff a 16 m
spodni klenby dvoukruhového tunelu. S mési¢nim odstupem
(8. srpna) pak spole¢nost SUBTERRA a. s., razi prvni metry jizni
tunelové trouby (JTT) celkové délky 2 223 m (1668 m dvoupruh,
555 m tfipruh). V profilu kaloty JTT je situovdna prizkumna
Stola. Ke dni sepsdni aktuality byla kalota dvoukruhového tunelu
pod ochranou mikropilotového destniku vyrazena v délce 15 m.

TUNEL STAVBY 514

Tunel stavby 514 Prazského okruhu v dseku mezi Lochkovem
a Radotinem razi akciovd spole¢nost HOCHTIEF Construction
AG a HOCHTIEF CZ. Dvoupruhové tunelové trouba je do drov-
n¢ kaloty vyrazena jiz v délce 810 m z celkové délky 1252 m.
V tseku 49 m od razeného portdlu je tunelovy prarez uzavien
protiklenbou (TT 5b — 102,84 m2). V dalSich 580 m je vyrazeno
také opéfi tunelu. V tfipruhové tunelové troubé (v ni byla
v predstihu vyraZena pruzkumna 3tola) se Celba tunelu posunula
jiz do vzdalenosti 802 m od portdlu (délka tunelu 1302 m).
Podobné jako u dvoupruhového tunelu je prvnich 57 m prufez
uzavien protiklenbou (celkovy prufez TT 5b — 125,06 m2).
V navazujici délce 370 m je pak kalota prohloubena o dals{ ¢ast
¢lenéného vyrubu — opéfi. Z celkového poctu 6 propojek mezi
tunely jsou vyraZeny prvni 2 tnikové chodby pro pési. Pred loch-
kovskym portdlem zalala proudovd betondz zédkladovych pasu
pro tfipruhovy hloubeny tunel. Vybetonovan je tsek pro prvni
sekci bednéni v délce 10 m.

TUNEL STAVBY 513

Pri vystavbé SOKP (silni¢ni okruh kolem Prahy) stavby 513
zahrnujici tunel mezi Komofanami a Cholupicemi pokracovali
razi¢i SKANSKA BS na objektech rozestavénych a zapocali
prace i na objektech novych. Na objektu ,,.DeStova kanalizace*
bylo vyrazeno zbyvajicich 27 m Stoly s prordzkou k 1. 7. 2007.
V soucasnosti pokracuji prace ve Stole montdzi mezilehlé izola-
ce a provadi se betondZz dna Stoly. Razi se tfipruhovy tunel

THE CZECH REPUBLIC (AS OF 14 AUGUST 2007)
THE NEW CONNECTION PROJECT - THE VITKOV TUNNELS

METROSTAV a. s. and SUBTERRA a. s. completed the casting
of the final concrete lining in the southern and northern mined tun-
nels under Vitkov Hill. At the time of the writing of these Current
News, SUBTERRA a. s. is casting the last two sections of the cut
and cover tunnel in front of the western portal. The tunnel draina-
ge is being laid along the tunnel routes, the invert is being cast up
to the level of the continuous footing of the tunnel tubes, dry fire
mains are being installed and the tunnels and cross passages are
being structurally completed. The backfilling of the cut and cover
sections of the structure is about to start, as well as the terrain
finishes at both tunnel portals. The act of final acceptance of the
double-track railway tunnels by the client is planned for the end of
February 2008.

THE KLIMKOVICE TUNNEL

The casting of the concrete roadway in the tunnel B has been
completed. The roadway casting is beginning in the tunnel A. The
backfilling operations at the portals has been completed, with the
exception of the laying of a rough stone mosaic at the Ostrava por-
tal. METROSTAV a. s. and SUBTERRA a. s. are carrying out
small items of finishing work and ensure the installation of opera-
ting equipment in the tunnel tubes.

THE SPEJCHAR - PELC TYROLKA TUNNEL (SPELC)

On the 9th July 2007, METROSTAV a. s. commenced the exca-
vation of the northern tunnel tube (NTT) from the Tréja district
side. The total length of the NTT amounts to 2230m; this length
consists of a 1568m long double-lane tunnel section and 662m
triple-lane section. The NATM excavation technique is being used
for the excavation, which is divided into the top heading (excava-
ted cross section of 67.64m2) and bench with invert (54.08m2). Till
now, 110m of the double-lane top heading, 36m of bench and 16m
of invert excavation (measured from the portal) through the exca-
vation support class IV has been completed. SUBTERRA
a. s. started the excavation of the initial meters of the southern tun-
nel tube (STT) one month later (on 8 August). This tube is 2223m
long, with the double-lane and triple-lane sections 1668m and
555m long, respectively. The exploratory gallery is found within
the cross section of the STT top heading. As of the date of writing
these Current News, a 15m long section of the top heading exca-
vation under the protection of canopy tube pre-support was com-
pleted.

THE TUNNEL IN THE CONSTRUCTION LOT 514

The tunnel in the construction lot 514 of the Prague Ring Road,
in the section between Lochkov and Radotin, is being driven by
HOCHTIEF Construction AG and HOCHTIEF CZ. The excavati-
on of the double-lane tube has been completed up to the top hea-
ding level at a length of 810m of the total length of 1252m. The
tunnel cross section is closed by an invert structure throughout
a 49m long section passing through the excavation support class 5b
(the length is measured from the mined portal). The bench excava-
tion is completed throughout another 580m long section.
Regarding the triple-lane tunnel tube (where the exploratory galle-
ry had been completed in advance), the tunnel excavation face has
moved 802m away from the portal (the tunnel is 1302m long).
Similarly to the double-lane tunnel tube, the profile is closed with
an invert throughout the initial 57m (the overall cross sectional
area for the excavation support class 5b is 125.06m?).

The situation at the double-lane tunnel is similar. The profile is
closed by invert throughout the initial 57m (the total cross sectional
area when passing through excavation class 5b is 125.06 m?). The
next part of the sequential excavation, i.e. the bench excavation, has
been completed in the adjacent 370m long section. Of the total
number of 6 cross passages, the excavation of the initial two esca-




Obr. 1 Bednéni a vyztuZ napinaciho vyklenku v tunelech Nového spojeni
Fig. 1 Formwork and reinforcement for a traction tensioning chamber in the
tunnels of the New Connection Project

z komoranského portdlu s odvozem rubaniny pres kratky pripor-
talovy dsek prazkumné Stoly. Kalota tunelu je zajisténa primdr-
nim osténim v délce 470 m, v opéfi je vyraZeno jiz 200 metra.
Pocdtkem cCervna zacaly prace na cholupickém hloubeném tune-
Iu vrtdnim a osazovanim pilot a zdpor pro zajiSténi stavebni
jdmy. V dob¢ sepséni aktuality probihaji vykopové a zajiStovaci
prace pod druhou drovni kotevnich prevazek. Od zaldtku Cer-
vence se rozbéhly také prace na vykopu a zajistén{ stavebni jamy
hloubeného tunelu pied komotanskym portdlem.

ING. PAVEL POLAK, polak@metrostav.cz

SLOVENSKA REPUBLIKA
TUNEL SITINA

V sobotu 23. juna 2007 sa uskutocnilo slavnostné otvorenie
dialni¢ného tunela Sitina na tseku dialnice D2 Lamacska cesta
— Staré grunty v Bratislave. Tunel s dvomi rdrami dlzkami 1415
a 1440 m je prvym dvojrirovym dialnicnym tunelom na
Slovensku a po tuneloch Branisko a Horelica uZ tretim
v prevéddzke. Pre dopravu bol tunel otvoreny nasledujici den,
pricom pozitivne doésledky na dopravndu situdciu v Bratislave boli
citelné takmer okamzite. Cez pracovné dni tunelom prechddza
viac nez 20 tisic vozidiel v jednom smere denne, ¢oho vidite-
Inym dosledkom je najmé razantné odlahCenie pretazenej kriZo-
vatky Patrénka. Vystavba tunela zacala v roku 2003 a jeho zho-
tovitefom bolo zdruzenie Taisei — Skanska. Fotoreportdz
z otvorenia tunela je na osobitnej stranke casopisu.

TUNEL BORIK

Vystavba dialni¢ného tunela Borik diiky takmer 1 km na pod-
tatranskom udseku dialnice D1 Mengusovce — Janovce pokraco-
vala po vyrazeni pilierovych $t6Ini razenim hlavnych tunelovych
rir od oboch portdlov. V jili 2007 je uz vyrazenych viac ako
220 m v oboch rdrach od vychodného portdlu, kym na zdpadnom
portdli, kde sa zaCalo s razenim neskdr, je vyrazenych 17 m, resp.
6 m kaloty. Pri predpokladanom tempe razenia na Styroch cel-
bach by sa prerdzka kaloty mohla konat na prelome rokov.

STOLNA POLANA

Price na razeni prieskumnej $tolne pre tunel Polana na tdseku
dialnice D3 Svréinovec — Skalit{: Polana v smere do Polska, boli
v maji 2007 po vyrazeni tseku dlzky 302 m zastavené. Dévodom
je rozhodnutie investora, Ndrodnej dialni¢nej spolo¢nosti a. s.,
o zmene koncepcie vystavby tunelov na dialnici D3. Tunel
Polana mal byt'pévodne v prvej etape vybudovany s jednou tune-
lovou rirou pre obojsmernd premévku, pricom §télna mala byt
upravend na funkciu tnikovej cesty. Podla novej koncepcie by
mali byt vybudované a spojazdnené obe tunelové riry. Zaciatok
ich vystavby by pritom nemal byt neskodr nez v roku 2009.

ING. MILOSLAV FRANKOVSKY,

frankovsky@terraprojekt.sk
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pe galleries for pedestrians has been finished. The flow-method
casting of the continuous footings for the three-lane cut and cover
tunnel has started in front of the Lochkov portal. The footing secti-
on required for the erection of the 10m-long formwork for the ini-
tial block of the tunnel has been completed.

THE TUNNEL IN THE CONSTRUCTION LOT 513

In the process of construction of the Prague City Ring Road (the
outer ring), construction lot 513, which contains a tunnel between
Komorany and Cholupice, miners of SKANSKA BS continued to
work on the structures under construction and started to work on
new ones. Regarding the structure “Storm Sewer”, the remaining
length of 27 of the gallery excavation was finished; the breakt-
hrough took place on 1.7.2007. Currently the work on the gallery
continues by the installation of the intermediate waterproofing and
the gallery concrete bottom is being cast. The triple-lane tunnel
excavation is in progress from the Komorany portal, with the muck
haulage via a short section of the exploration gallery adjacent to the
portal. The tunnel top heading support by primary lining has been
completed at a length of 470m; 200m of the bench excavation has
also been finished. The work on the Cholupice cut-and-cover tun-
nel started at the beginning of June by boring and installation of
piles and braces for the support of the construction trench. At the
moment of the writing of the Current News, the excavation and
excavation support operations are in progress under the second tier
of anchored walers. The work on the excavation and support of the
excavation trench for the cut-and-cover tunnel in front of the
Komorany portal have been in progress since the beginning of July.

ING. PAVEL POLAK, polak@metrostav.cz

THE SLOVAK REPUBLIC
THE SITINA TUNNEL

Saturday 23rd June saw the ceremonial act of inauguration of the
Sitina tunnel on the motorway D2 Lamacskd Cesta — Staré Grunty
in Bratislava. The tunnel with two tubes 1415 and 1440m long is
the first twin-tube motorway tunnel in Slovakia, and already the
third motorway tunnel in operation, after the Branisko and Horelica
tunnels. It was opened to traffic the next day and the positive effects
on the traffic situation in Bratislava could be noticed nearly imme-
diately. The evident result of the fact that over 20 thousand vehic-
les pass through the tunnel in one direction on working days is, first
of all, the decongestion of traffic at the Patrénka intersection. The
contractor, the group of companies Taisei — Skanska, commenced
the work on the tunnel in 2003. The picture report from the inaugu-
ration is on a separate page of the magazine.

THE BORIK TUNNEL

The construction of the nearly 1km long Borik tunnel on the D1
motorway section Mengusovce — Jdnovce, passing through the
foothills of the Tatras mountains, continued, after the completion
of excavation of pillar galleries, by the excavation of the main tun-
nel tubes, from both portals. Over 220m of this excavation was
carried out in July in each tube from the eastern portal, while 17m
of the top heading in one tube and 6m in the other tube were exca-
vated from the western portal, where the work started later. At the
anticipated rates of advance at four headings, the top heading bre-
akthrough could take place at the end of 2007.

THE POLANA GALLERY

The excavation of the exploratory gallery for the Polana tunnel
on the motorway D3 section Svréinovec — Skalité Polana in the
direction toward Poland was suspended in May 2007. The reason
is a decision made by the owner, Ndrodna dialni¢nd spolo¢nost’
a. s., to change the concept of construction of tunnels on the D3
motorway. The Polana tunnel was originally planned to be built in
phases, with one tunnel tube carrying both directions of traffic
built in the first phase and the gallery re-built in a way allowing its
use as an escape route. According to the new concept, both tunnel
tubes should be built and opened to traffic concurrently. The begin-
ning of the construction should not be later than 2009.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk
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FOTOREPORTAZ ZO SLAVNOSTNEHO OTVORENIA DIALNICNEHO TUNELA SITINA V BRATISLAVE
THE PICTURE REPORT OF THE INAUGURATION OF THE SITINA TUNNEL IN BRATISLAVA

Fotografie: archiv Taisei, Terraprojekt, Dopravoprojekt | Photographs: archives of Taisei, Terraprojekt, Dopravoprojekt

Fig. 1 Southern portal of the tunnel in Mlynskd Dolina

Obr. 3 Severny portdl tunela v smere prijazdu z ¢ eskej republiky
Fig. 3 Northern portal of the tunnel, viewed in the direction of the arrival
Jfrom the Czech Republic

Obr. 5 Sldavnostné prestrihnutie pdsky
Fig. 5 Cutting the tape

Obr. 7 Noc¢ny pohlad na juzny portdl
Fig. 7 A night view of the southern portal

Obr. 2 Sicastbu sldvnosti bolo aj otvorenie tunela pre pesiu, cyklistickii
a koréuliarsku verejnost’

Fig. 2 Part of the celebration was also the opening of the tunnel for the pede-
strian, cycling and roller skating public

Obr. 4 Pohlud do nidzového zdlivu s SOS kabinou
Fig. 4 A view of the lay-by with an SOS cabin

Obr. 6 Siucastbu Sintoistického obradu bol aj pripitok saké
Fig. 6 Part of the Shintoist rite was also a saké toast

Obr. 8 David Coulthard pri prejazde tunelom dodrZal povoleniti rychlost’
80 km/hod
Fig. 8 David Coulthard maintaind the speed of 80 km/h permitted in the tunnel
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INFORMACE CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES INFORMATION
wwWw.ita-aites.cz

REGISTRACE VYSTAVOVATELU NA VELETRH INNOTRANS 2008 JE V PLNEM PROUDU

2N

Od 23. do 26. zari 2008 se na berlinském vystavisti sejdou odbornici
z oblasti technologie Zelezni¢ni pfepravy, aby se zucastnili veletrhu
InnoTrans 2008. Jeho soucasti je od roku 2006 i segment vénovany vystav-
bé tunelt.

Do okamziku, kdy veletrh InnoTrans 2008 otevie své brany, zbyva Ctr-
ndct mésicu. Pripravy jsou vSak jiz nyni v plném proudu. Vice ne tfi tvr-
tiny vystavni plochy minulého rocniku veletrhu jsou jiZ nyni vyprodény.
Jednou z hlavnich pfi¢in je vyznamny ndrust poctu navstévnika z fad
odborné verejnosti ze zahranici, ke kterému doslo také v roce 2006.

; S vice nez 1 600 vystavovate-
li ze 41 zem{ a vystavni plochou
o rozloze pres 100 000 m2 vele-
trh InnoTrans 2006 poskytl
dikaz o svém postaveni jako
prvotridni mezindrodni obchod-
ni platformy pro toto odvétvi.
Sestého  ro¢niku  veletrhu
InnoTrans se na berlinském
vystavisti ziicastnilo pres 64 000
ndvstévniku z fad odborné verej-
nosti ze 109 zemi.

Segment vystavba tunell
bude na veletrhu InnoTransu
2008 jesté vice zaintegrovan do
struktury veletrhu. To, vzhledem
k spole¢nym tématum, jesté vice
tuto sekci priblizi Zelezni¢ni
infrastruktufe a nabidne piileZi-
tost pro lepsi vyuziti spole¢nych

V roce 2008 se ¢ast vénovand vystavbé tunell opét zaméii na stroje, sta-
vebni vyrobky a materidly, informacni technologie a bezpe¢nostni systémy,
vyzkum a v§voj pro vystavbu tunell a sluzby souvisejici s vystavbou tunelu.

Premiéra segmentu vystavby tunell, kterd probéhla na veletrhu
InnoTrans 2006 v tzké spoluprdci s némeckou vyzkumnou asociaci pro
podzemni dopravu STUVA, byla velmi tispésnd. V roce 2008 bude segment
vystavby tunelt roz§ifen o Mezindrodni tuneldrské férum porddané v ramci
doprovodnych konferenci veletrhu. Veskeré aktudlni informace pro vysta-
vovatele a odbornou vefejnost jsou aktudlné dostupné na webu veletrhu
InnoTrans na www.innotrans.de.

Kontakt: Kerstin Schulz, k.schulz@messe-berlin.de

PODZEMNI
STAVITELSTVI V CR
Publikace Podzemni stavitelstvi

v Ceské republice, vydand v anglické
verzi pro kongres WTC 2007, je od poct-
ku kvétna k dispozici i v Ceské jazykové
mutaci. I pres pocdteni vysoky zdjem ze
strany firem, knihoven a jednotlivcu je stéle
mozné si knihu objednat. Prodejni cena je
720 K& v&etné DPH, pro knihovny a $koly
vydavatel poskytuje vyrazné slevy.
Objednédvky je moZné smefovat na e-mai-
lovou adresu jakub karlicek @satra.cz.
Bliz31 informace o publikaci, kterd byla
v nasem Casopise jiZ predstavena, lze najit
na strdnkdch www.satra.cz.

vyhod, které nabizej.

KOMPLETNI DODAVKA MATERIALU VCETNE ODBORNE MONTAZE
COMPLETE SUPPLY OF MATERIAL INCLUDED PROFESSIONAL INSTALLATION

hydroizolaéni systémy * drendaini geokompozity * vyztuiné geomfize * bentonitové rohoie
lining systems * drainoge systems * geogrids = geosynthetic clay liner

oblast pouditl / application field

tunely * skladky ¢ pozemni stavby * dopravni stavby

tunnels * landfills = building constructions = highway construction

CHEMIA SYSTEM GEO s.r.o.

Heleny Malifove 11, 169 00 Proho 6, tel.: +420 233 081 982
fox: +420 233 081 288, e-mail: chemio@chemio.cz, www,.chemio.cz






