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Protoze jen tymova prace vede k uspéchu.
Skupina STRABAG pokryva svou nabidkou celé
spektrum sluzeb ve stavebnictvi. Diky know-how
a nadseni nasich pracovnikl jsme pripraveni
realizovat kompletni stavebni projekty presné
podle pozadavki nadich zakaznikd. Vérime

v silu tymu, nebot pravé ta nam umozniuje
proménovat predstavy zadavatelll ve skute¢nost —
s dlrazem na kvalitu, presnost a hospodarnost.

Spolehnout se na nas mazete pfi realizaci
projektu jakékoliv velikosti. Diky Siroké siti
pobodek na Uzemf celé Ceské republiky
jsme Vam vzdy nablizku.
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Spanilomyslné kolegyné, ctihodni kolegové — ¢tenari casopisu TUNEL,

je dobrym zvykem, Ze kazdé z ¢isel Casopisu obsahuje v samotném tvodu pér slov nékterého ze ¢lent redakéni rady. Tento prvotni odstavec je
zvan ,,Editorial*“. Jeho obsah byva viceméné ustaleny (Cest vyjimkam!). Povéfeny ¢len RR obvykle prechazi od struéné komentované aktualni spo-
lecensko-politicko-ekonomické-etc. situace pomoci tzv. ,,0sliho mustku“ na bezpe¢nou pidu obsahu aktualniho ¢isla Casopisu. Na zavér staté pak
pieje (genderové vyvazené) ¢tenarkam jako i ¢tenafim co nejlepsi sukces pri Cetbé jejich oblibeného odborného periodika a ispéchy v profesnim
i osobnim Zivoté. To prinejmensim do dal§iho ¢isla Tunelu. TakZe pojdme na to: Zcela aktudlné v mé e-mailové posté piistdla (jen mirné nadsazend)
,rekapitulace proroctvi®, velmi dobie pamatovatelnych. Jen struéné, po 10 letech: 1960 — za 10 let dojde ropa! 1970 — do 10 let pfijde nova doba
ledova! 1980 — do 10 let kyselé desté znici lesy a trodu! 1990 — ozénova vrstva vydrzi jen 10 let! 2000 — do 10 let zmizi ledovce! 2011 — islamsky
stat nas vSechny zabije! 2020 — to samé s nami udéla koronavirus!

Nechci zlehCovat standardné velmi komplikované problémy, zv1asté ted, kdy je za nami opravdu nehezké obdobi, ale i jen z mirného nadhledu je
vse ponekud jinak. Pres veskeré nesndze zptisobené onim ¢inskym virem sektor podzemniho stavitelstvi pfirozené pokracuje ddl (stejné jako dalsi
a dal3i odvétvi okolo nds). V tunelafing stai naptiklad i jen jednim okem nahlédnout do posledniho zpravodaje ITA/AITES (se zpravami: Cina za&i-
na budovat podzemni laborator; Propojeni hlavniho nadraZi s metrem ve Frankfurtu; V Japonsku vznikd nova podzemni mezindrodni védecka laborator ¢astic; Pokracovani linky
podzemky v Singapuru...). Dokonce i v Brng je jiZ sviznym tempem vyraZena polovina tramvajového tunelu v Zabovieskéch (a to se stavba lopotné ptipravovala nekone¢nych
40 let!). A nyni nahlédnéme, jiZ obéma oc¢ima, do nového ¢isla ¢asopisu TUNEL. Tak to byl ten ,,0sli mistek*. Ale vazné:

Cislo 3/2021 je predeviim zadané dvéma vyznamnym ¢eskym firmam — jedna z nich je priizkumn4 a plisobi na trhu tisp&né jiz vice nez 50 let. Jde o GEOtest, a.s. Podnik
se prezentuje tfemi ¢lanky. Prvni se vénuje pozoruhodné konstrukci tramvajového tunelu zfizovaného technologii Top-Down v Brné, konkrétné rozsahlému geotechnickému
monitoringu realizovanému v souvislosti s timto dilem (dl. pfes 600 m, ve sprasich!). Druhy ¢lanek GEOtestu je i nad standard Casopisu velmi specializovany — jde o sofistiko-
vané nasazeni kombinace geofyzikalnich metod pro sledovani kvality horninového prostiedi za sténou dila na podzemnim vyzkumném pracovisti Bukov. Treti, pom&rné stru¢ny
pfispévek, piiblizuje pfipravu — priizkum — pro jednu ze zdsadnich ¢asti VMO v Brné — tunel Vinohrady. Uz tvodni kroky ukazuji, Ze tunel ma byt umistény do velmi sloZité
geologie (viz), a to se viemi disledky. Druhou firmou &isla je novy hraé v realizaci podzemnich staveb v CR — fy STRABAG a. s. Firma se prezentuje ¢lankem o priizkumu pro
metro D, provedeném kombinaci hluboké (pfes 30 m) Sachty a téméf 70 m dl. Stoly. Uvedené prispévky jsou doplnéné dalsimi dvéma. Docenti Rozsypal a Hordk ve svém ¢lanku,
inspirovaném predevsim dlouho trvajicimi pracemi na revizi TP76 C, vyzyvaji k ndvratu zdravého technického (,,zarubovského*) pristupu pfi provadéni prizkumi pro potieby
podzemnich staveb — at se tato zdsadni ¢innost nazyva pruzkum geotechnicky ¢i inZenyrskogeologicky. Posledni pfispévek od fy HYDROTECHNIK PRAHA spol. s r.o. pojed-
néva o nasazeni nové poiizeného mikrostitu Herrenknecht 1200 pfi rekonstrukci vodovodni shybky pod Labem. Nasleduji obvyklé rubriky plné zajimavosti etc. etc. Pro kazdého
(nejen) Ceského, prinejmensim i slovenského, tuneldre interesantni ¢tivo. TakZe do toho! A editorial tak mdme téméf hotovy, zbyva jen jeho zavér.

Za doby mych (Zel jiz davnych) studii jeden z nezapomenutelnych ucitelt (v té nepfilis veselé dobé i takovi byli) nadsadil, Ze ¢eského tunelafe muzZe zdolat jen jedind svizel
— nedostatek piva. Proto, kolegyné i kolegové, pijte pivo a — pro jistotu — se nechejte také ockovat proti té odporné kovidbreberce. Budte tak zdravi, a délejte prfedevsim to, co
bezesporu dobi'e umite — stavte tunely!

Zdarbiih!

Vis VLADISLAV HORAK,
¢len redakcni rady ¢asopisu TUNEL

Comely minding female readers, honourable male colleagues —readers of TUNEL journal,

It is a good custom for each issue of this journal to contain several words from one of the members of the editorial board in the very beginning. This first paragraph is called
“Editorial”. Its content is more or less stable (honour exceptions!). An authorized member of the editorial board usually passes from a briefly commented current socio-political-
economic-etc. situation to the safe ground of the content of the current issue of the journal by means of the so-called “donkey bridge”. At the end of the article, he wishes (in a
gender-balanced way) female readers as well as male readers the best possible success in reading their favourite professional periodical and success in professional and personal
life, at least until the next issue of TUNEL. So let’s get to it: A very recent, very easily remembered (only slightly exaggerated) “recapitulation of prophecies” has just landed in
my e-mail. In short, in 10-year steps: 1960 — in 10 years oil will run out! 1970 — a new ice age will come in 10 years! 1980 — within 10 years acid rain will destroy forests and
crops! 1990 — The ozone layer will last only 10 years! 2000 — Glaciers will disappear within 10 years! 2011 — Islamic State will kills us all! 2020 — the coronavirus will do the
same to us!

I don’t want to downplay problems very complicated as a standard, especially now that we have a really bad time behind us, but even from a slight overview, everything is a
bit different. Despite all the difficulties caused by that Chinese virus, the underground construction sector is naturally continuing (as are other and other industries around us). In
the tunnelling industry, for example, it is enough to have one eye on the latest ITA/AITES newsletter (with reports: China starting to build an underground laboratory; Connecting
Frankfurt Central Railway Station with the subway; A new underground international particle science laboratory being set up in Japan; Continuation of the subway line in
Singapore...) Even in Brno, excavation of half of the tram tunnel in Zaboviesky has already been finished at a brisk pace (and the construction had been under hard preparation
for endless 40 years!). And now let’s take a look, already with both eyes, at the new issue of TUNEL journal. So that was the “donkey bridge”. But seriously:

Issue No. 3/2021 is mainly assigned to two major Czech companies — one of them is involved in exploration and has been operating successfully on the market for more
than 50 years. It is GEOtest, a.s. The company presents itself by three papers. The first deals with the remarkable construction of a tram tunnel carried out using the Top-Down
technique in Brno, specifically with the extensive geotechnical monitoring conducted in connection with this work (over 600 m long, in loess!). The second paper by GEOtest is
also highly specialised, above the standard of the journal — it is a sophisticated application of a combination of geophysical methods to monitoring the rock environment quality
behind the wall of a gallery at the Bukov underground research facility. The third, relatively brief contribution, describes the preparation — exploration — for one of the essential
parts of the Large City Circle Road in Brno — the Vinohrady tunnel. Already the initial steps show that the tunnel will be located in a very complex geology (see), with all the
consequences. The second company in this journal issue is a new player in the field of underground construction in the Czech Republic - STRABAG a.s. The company presents
itself by a paper on exploration for Metro D, carried out by a combination of an over 30m deep shaft and an almost 70 m long gallery. The above-mentioned contributions are
supplemented by other two ones. In their article, doc. Rozsypal and doc. Hordk, inspired mainly by long-term work on the review of TP76 C technical specifications, call for a
return to a healthy technical (“Prof. Zaruba-like”) approach when conducting surveys for underground construction — whether this fundamental activity is called geotechnical
investigation or engineering geological survey. The last contribution from HYDROTECHNIK PRAHA spol. s r.0. deals with the deployment of the newly acquired Herrenknecht
1200 microtunnel boring machine in the reconstruction of the water supply inverted siphon below the Elbe. The usual sections full of interesting things, etc. etc. follow. Interesting
reading not only for every Czech, but also at least a Slovak tunneller. So let’s go ahead. And we have the editorial almost done, only its conclusion remains .

During the time of my studies (unfortunately long ago), one of the unforgettable teachers (such personalities existed even at that not very happy time) exaggerated that only
one inconvenience can overcome the Czech tunneller — lack of beer. Therefore, ladies and gentlemen, drink beer and — to be sure — also get vaccinated against that disgusting
covid thing. Be healthy, and above all, do what you definitely know — build tunnels!

God speed you!

Yours VLADISLAV HORAK,
Member of TUNEL Editorial Board
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VAZENI A MILI CTENARI,

velmi si vaZim piileZitosti mit dvodni slovo ve vydéni reno-
movaného casopisu Tunel za spolecnost GEOtest, a.s., a pfipo-
menout jménem vSech spolupracovnikll historii i soucasnost
firmy zejména ve vztahu k nasim aktivitim v oboru podzemniho
stavitelstvi.

Pod znackou GEOtest puisobime na trhu vice nez 50 let. Jsme
tradicni, ¢eskd firma zaméfend na inZenyrské ¢innosti v apliko-
vané geologii. Se 150 zkuSenymi zaméstnanci, vlastnimi labo-
ratofemi, mnoha poboCkami a dcefinymi firmami v tuzemsku
i zahrani¢i, patfime k nejvétsim geologickym firmam v Ceské
republice. I v dne$ni zvlastni dobé, kdy je fada aktivit omezena vladnimi re-

DEAR READERS,

I highly appreciate the opportunity to have an introductory word
in this issue of the renowned journal TUNEL on behalf of GEOtest,
a.s., and to remind you on behalf of all co-workers the history and
present of the company, especially in relation to our activities in the
field of underground construction.

We have been operating on the market under the GEOtest brand
for more than 50 years. We are a traditional Czech company focused
on engineering activities in applied geology. With 150 experienced
employees, our own laboratories, many branches and subsidiaries
at home and abroad, we are one of the largest geological companies
in the Czech Republic. Even in the current special time, when many
activities are limited by government restrictions, the company is thriving and

strikcemi, se firm¢ dafi a rovnéZ tak mame Stésti podilet se na nékolika mélo we are also lucky to participate in the few tunnel construction projects that are
projektech tunelovych staveb, které se v soucasnosti realizuji. currently being under underway.

Nema smysl zde vyjmenovavat v§echny v minulosti realizované projekty, It does not make sense to name all the projects carried out in the past, so I will
zminim se o soucasnosti. Neddvno jsme dokoncili komplexni geotechnicky mention the present. We have recently completed comprehensive geotechnical
monitoring pro SZ na nejdel$im Zelezni¢nim tunelu Ejpovice s nasazenim monitoring for Railway Administration on the longest Ejpovice railway tunnel
pokrogilych metod a instrumentace monitoringu. Aktualng se podilime na  applying advanced monitoring methods and instrumentation. We are currently
pripravé a realizaci tf tunelovych staveb, které budou mit velky dopad nafe- ~ Participating in the preparation and construction of three tunnels, which will

have a major impact on the solution to the transport infrastructure in the city

Seni dopravni infrastruktury ve mésté Brné€. Jedna se o tunelové prodlouzeni

S . o .. v ) of Brno. These comprise the extension of the tram line tunnel to the university
tramvajové trati do Univerzitniho kampusu v Bohunicich, rozsifeni velkého . . . o . .
campus in Bohunice, the extension of the large city ring road in the section

méstského okruhu v dseku mezi Pisarky a Zaboviesky véetné pielozky tram- . 5 . . . N .
L, . , ) ; B T between Pisdrky and Zaboviesky, including the diversion of the tram line to a
vajové trati do tunelu a planovanou vystavbu dvoukilometrového silni¢niho ) § . . )
. . . o L | . tunnel and the planned construction of a two-kilometre road tunnel under the
tunelu pod sidlistém Vinohrady, ktery bude rovnéz soucasti velkého mést- Vinohrady housing estate, which will also be part of a large city ring road.

ského okruhu. The furthest is the construction of tunnel for the extension of the tram line

Nejdale je vystavba pfesypancho tunelu pro prodlouZeni tramvajoveé trati from Osové to the Masaryk University Campus in Brno-Bohunice, which
z Osové ke kampusu MU v Brné-Bohunicich. V celé trase jsou hotové kon- is being excavated under the roof deck. Structures supporting the walls have
strukce pro zaji$téni stén a dokoncuje se konstrukce tubusu tunelu. Kromé been completed along the entire route, and the tunnel tube structure is being
sledovani konstrukci tvoficich samotny tunel je geotechnicky monitoring completed. In addition to monitoring of the structures forming the tunnel itself,
zaméfen i na okoli stavby. geotechnical monitoring is also focused on the surroundings of the construction.

V rédmci stavby 1/42 Brno VMO Zaboviesk4 I, etapa IT piisobi GEOtest, a.s. Within the construction of the /42 Brno Large City Ring Road Zaboviesk4 I,

jako vedouci sdruZeni geotechnického monitoringu provadéného pro inves- stage II, GEOtest, a.s. as the head of the consortium for geotechnical monitoring

tora, kterym je RSD CR. V kvétnu byla zahdjena razba 500 m dlouhého performed for the project owner, which is the Directorate of Roads and

L PR - . Motorways of the CR. In May, the excavation of a 500m long tram tunnel was
tramvajového tunelu firmou Subterra a.s., ktera je ¢lenem sdruZeni zhotovi- . .
telit tseku 1/42 started by the company of Subterra a.s., which is a member of the consortium of

. .. s PR contractors for section 1/42.
Tunel Vinohrady v Brné je teprve v projekéni fazi a pro aktualné feSenou

. ) B o The Vinohrady tunnel in Brno is only in the design phase and this year
variantu trasy tunelu GEOtest, a.s. letos realizoval predbézny geotechnicky GEOtest, as. carried out preliminary geotechnical investigation for the

prizkum. Ten zahrnuje hluboké prazkumné vrty, geofyzikdlni meéfeni z po- currently solved variant. The investigation includes deep exploratory boreholes,

vrehu i z vrtd, terénni a laboratorni zkousky. Soucasti vystupu je i 3D model geophysical measurements from the surface and from the boreholes, field and

horninového prostiedi v uvazované trase tunelu se zvlastnim zaméfenim na laboratory tests. The output also includes a 3D model of the ground environment

prabéh povrchu skalniho podlozi, jehoZ znalost je jednim z klicovych fakto- along the considered route of the tunnel with a special focus on the course of the

i ovliviiujicich proveditelnost stavebniho zdméru. bedrock surface, the knowledge of which is one of the key factors influencing the
Dé se fici, Ze se nasi specialisté v minulosti podileli na feSeni téméF v§ech feasibility of the construction intention.

vyznamnych stavebnich akei s podilem podzemnich staveb, a to jak ve fazich It is possible to say that in the past our specialists participated in the solution

for almost all major construction projects with a share of underground structures,
both in the phases of surveys and investigations and implementation of their
conclusions if they included rock mechanics. Especially in the area of field
geotechnical testing and rock mechanics, we are one of the few companies that
have maintained and improved their know-how. For example, special large-scale
loading and shear tests, which we are currently conducting on the rock in the
starting excavation of the metro D line in Prague.

priazkumd, tak i jejich realizace, byla-li jejich soucasti i mechanika hornin.
Predevsim v oboru polniho geotechnického zkusebnictvi a mechaniky hornin
patfime k nékolika malo firmam, které si udrzely a zdokonalily své know-
-how. Napfiklad specidlni velkorozmérové zatéZovaci a smykové zkousky,
které aktualné provadime na horninach v rozrazce na metru D v Praze.
Soucdsti rozvoje firmy je i aplikovany vyzkum, ktery fesi specialisté

GEOtestu. NaSe ostravské pracovisté zaméfené na geofyzikalni metody smé- Part of the company development is also applied research, which is solved by
ruje své aktivity do vyzkumné ¢innosti v oblasti vyuZiti podzemnich prostor. GEOtest specialists. Our Ostrava workplace focused on geophysical methods
V podzemi dolu Rozna I. se ucastnime rozsahlych védecko-vyzkumnych directs its activities to research activities in the field of the use of underground
aktivit zaméfenych na detailni poznani horninového prostredi dotéeného space. In the underground of the Roznd I. mine, we participate in extensive
hornickou &innosti. Pro SURAO jsme rovnéz dodavatelem geochemického scientific research activities focused on detailed knowledge of rock environment
a hydrogeologického monitoringu na podzemnim vyzkumném pracovisti affected by mining activities. For the Radioactive Waste Repository Authority,
Bukov. we are also a supplier of geochemical and hydrogeological
Véfime v budouci silny rozvoj tuzemského / monitoring at the Bukov underground research facility.
We believe in the future strong development of

tunelového stavitelstvi, jehoZz bychom byli radi
soucasti a navazali tak na nasi tradi¢ni kompe-
tenci. Zavérem bych chtél podékovat nasim za-
méstnanciim za jejich ,,vasen‘ pro tune-
lové stavby a zdroven nasim obchodnim
partneram za spolupraci a davéru, které

si vazime a kterd nds zavazuje.

domestic tunnel construction, of which we would like to
be a part and thus we build on our traditional competence.
In conclusion, I would like to thank our employees for
their ,,passion” for tunnel construction
and, at the same time, our business
partners for their collaboration and trust,

RNDR. LUBOMIR KLiMEK, MBA which we value and which bind us.

stavenstva a reditel spole¢nosti GEOtest, a.s.
Membey of Board of Directors and Director of GEOtest, a.s.
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VAZENI CTENARI CASOPISU TUNEL,

je mi velkou cti, Ze mohu vyuzit t€chto par fadka k tomu,
abych predstavil praci spolecnosti STRABAG, a to tematic-
ky pravé s ohledem na odvétvi tunelovych staveb.

Historie naseho stavebniho koncernu se zacala psat
v roce 1835 v rakouskych Korutanech zaloZzenim rodinné
firmy ve mésté Spittal an der Drau. Samotné firemni jmé-
no STRABAG vstoupilo na stavebni scénu v roce 1930 a
v roce 1986 na videiiskou burzu. Koncern STRABAG SE
ve své spanilé jizdé pokracuje dodnes a v soucasné dobé
zaméstnava priblizné 75 000 lidi po celém svété.

Tak, jak firma rostla, se rozSifovalo i jeji portfolio a specialista na
stavbu silnic se postupné stal také lidrem ve vystavbé mosti a Zeleznic,
vyznamnym hra¢em na poli pozemniho stavitelstvi a ma i historicky
silné tunelarské divize ve Vidni a ve Stuttgartu. Tunely STRABAG sta-
vél a stavi v 60 zemich celého svéta.

Z nedavnych projektt stoji za zminku Nordhavnsvej v ddnské me-
tropoli Kodani. Tunel o délce 900 m ma dva jizdni pruhy v kazdém
sméru a byl realizovan metodou Cut & Cover. Pracovni postupy na
vystavbé tohoto tunelu byly peclivé planovany, a to i s ohledem na co
nejmensi zatéZ pro rezidenty sousedni obytné ¢tvrti a na skutecnost, Ze
¢ast tunelu vede pod Zelezni¢ni trati.

Mezi soucasné zajimavé projekty v Rakousku patii napfiklad tunel
Koralm. Tento Zelezni¢ni tunel o délce 33 km je soucasti vysokorych-
lostni Zelezni¢ni sité, jeZ patii do celoevropské Zelezni¢ni sité. Vystav-
ba dvoutubusového Koralmského tunelu je rozdélena na 3 stavebni
useky a jeho dokonceni je v planu v roce 2025. STRABAG se podili
rovnéz na vystavbé Brennerského bazového tunelu, ktery bude po svém
dokonceni disponovat 55 km Zeleznice prochazejici pod Brennerskym
prismykem. Na jeho findlni podobu se mizeme tésit v roce 2028.

Tymy koncernu STRABAG pracuji na impozantnich tunelovych
stavbach i daleko za hranicemi Evropy. Tunelové a inZenyrské stavebni
prace na komplexu vodnich elektrdren v Alto Maipo v Chile jsou jed-
nim z piikladii zaoceanskych zakdzek, které davaji naSemu koncernu
prileZitost ukazat, co v tomto odvétvi umime.

Ale vratme se do Ceska. V roce 2018 jsme prijali rozhodnuti zajistit
si vlastni tunelové kapacity pro ¢esky a slovensky trh. S ohledem na
omezené mnoZstvi tunelovych staveb, které se zde realizuji a budou
realizovat, to bylo rozhodnuti odvazné, ale zaroven pfirozené. Nasi
ambici totiz vZdy bylo pokryvat v§echna odvétvi stavebnictvi. A vlast-
ni tuzemské kapacity pro tunelové stavby a specidlni zakladdni nam
chybély jako posledni dil skladacky. Na zdkladé koncernového know-
-how a rozsdhlych zahrani¢nich zkuSenosti jsme tak vstoupili aktivné
i do ¢eského podzemi. Do nové vzniklého tymu se ndm podaftilo ziskat
zkuSené odborniky a vyclenili jsme potfebné investice na strojni vy-
baveni. Za podpory matetského koncernu jsme tak zahdjili ¢innost za
pomoci vlastnich kapacit v tomto nesmirné naro¢ném a specifickém
odvétvi.

Prvnim vyznamnym projektem naseho ¢eského tymu byla realiza-
ce geologického prizkumu pro razbu nové trasy D prazského metra,
v tiseku OL1. Ugelem tohoto projektu bylo ovéieni geologickych pod-
minek podlozi v geologicky sloZité oblasti, kterou bude vedena nova
trasa metra. Jak tento projekt probihal, o tom uz se pro vas, vdZeni
¢tendfi, rozepsali nasi kolegové z ,,podzemi*.

Nyni pfed ndmi stoji kompletni rekonstrukce stanice metra Jifiho
z Podébrad, kde mimo jiné prorazime na povrch cestu vytahu, ktery
bude zajiStovat bezbariérovy pfistup na nastupisté.

VEiim, Ze tyto projekty jsou pro STRABAG v Cesku dobrym od-
razovym milstkem, ktery nds nasmeéruje vstfic dalSim zajimavym pfi-
lezitostem. Nasi kolegové z ¢eského tymu tunelovych staveb odvedli
za velmi kratkou dobu obdivuhodny kus prace a vSichni se té€Sime na
dalsi vyzvy, které na nés cekaji pod povr-
chem zemé.

Zdaf Buh!

DEAR TUNEL JOURNAL READERS,

It is a great honour for me to be allowed to use these lines to
present the work of STRABAG, thematically with regard to the
tunnel construction industry.

The history of our construction group began in 1835 in
Carinthia, Austria with the foundation of a family business in
Spittal an der Drau. The company name STRABAG itself entered
the civil engineering scene in 1930 and in 1986 it entered the
Vienna Stock Exchange. The STRABAG SE Group continues
its expansion to this day and currently employs approximately
75,000 people worldwide.

As the company grew, so did its portfolio, and the originally road
construction specialist gradually became a leader in the construction of bridges
and railways, a major player in the field of building, and has historically
strong tunnel construction divisions in Vienna and Stuttgart. STRABAG has
built and is building tunnels in 60 countries around the world. Of the recent
projects, the Nordhavnsvej tunnel in the Danish metropolis of Copenhagen
is worth mentioning. The 900m long tunnel has two traffic lanes for each
direction. It was built using the Cut & Cover method. The work procedures
for the construction of this tunnel have been carefully planned, taking into
account the least possible burden on the residents of the neighbouring
residential area and the fact that part of the tunnel leads under a railway line.

Among the current interesting projects in Austria, there is, for example,
the Koralm tunnel. This 33km long railway tunnel is part of the high-
speed rail network, which belongs to the pan-European rail network. The
construction of the twin-tube Koralm tunnel is divided into 3 construction
sections and its completion is planned for 2025. STRABAG is also involved
in the construction of the Brenner Base Tunnel, which, once completed, will
comprise 55km of railways running under the Brenner Pass. We can look
forward to its final appearance in 2028.

STRABAG Group teams work on impressive tunnelling projects far
beyond the borders of Europe. Tunnelling and civil engineering work on the
hydroelectric power plant complex in Alto Maipo, Chile is one example of
the overseas contracts that give our group the opportunity to show what we
can do in this sector.

But let us return to the Czech Republic. In 2018, we adopted the decision
to provide our own tunnelling capacities for the Czech and Slovak markets.
With respect to the limited number of tunnel construction projects that are and
will be carried out here, this decision was bold but at the same time natural.
The reason is that our ambition has always been to cover all sectors of the
construction industry. And we lacked our own domestic capacities for tunnel
construction and special foundation projects as the last part of the puzzle.
Based on the Group’s know-how and extensive foreign experience, we have
actively entered the Czech underground. We managed to get experienced
experts into the newly originated team and we set aside the necessary
investments in mechanical equipment. With the support of the parent group,
we started our activities with the help of our own capacities in this extremely
demanding and specific sector.

The first significant project of our Czech team was the geological survey
for the OL1 section of the excavation of the new Line D of the Prague metro.
The purpose of this project was to verify the geological conditions of the
underlier in the geologically complex area through which the new metro line
will run. Our colleagues from the “underground” have already written for
you, dear readers, about how this project proceeded.

Now we are facing a complete reconstruction of the Jiftho z Pod&brad
metro station, where, among other things, we will break through the path for
the lift, which will provide barrier-free access to the platform.

I believe that these projects are a good springboard for STRABAG in the
Czech Republic, which will direct us towards other interesting opportunities.
Our colleagues from the Czech tunnel construction team have carried out an
admirable piece of work in a very short time, and we are all looking forward
to the further challenges that await us beneath
the earth’s surface.

God speed you!

ING. ONDREJ NOVAK,

predseda predstavenstva STRABAG a.s.
Chairman of STRABAG a.s. Board of Directors
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GEOTECHNICKY PRUZKUM PRO TUNEL VINOHRADY V BRNE
GEOTECHNICAL EXPLORATION OF THE VINOHRADY TUNNEL
IN BRNO

ADAM ZAPLETAL

ABSTRAKT

V Brné byly zahdjeny dlouho ocekdvdné prdce na tiseku velkého méstského okruhu (VMO) Zabovieskd, jeho? soucdsti je také tramvajovy
tunel raZeny ve skalnim masivu pod Wilsonovym lesem. Soucasné je podle aktudlnich informaci (kvéten 2021) ocekdvdno, Ze nejpozdéji
koncem cervna tohoto roku budou zahdjeny prdace na dalsim kritickém tiseku VMO Tomkovo ndmésti a Rokytova. Realizaci téchto sloZitych
staveb bude kompletné dokoncena zdpadni a severni &dst méstského okruhu. Pozornost investora (Reditelstvi silnic a ddlnic CR, ddle jen
RSD CR) se proto nyni obrdtila na severovychodni édst okruhu a na reSeni paléivého problému, kterym je priijezd méstskou cdsti Zidenice.
Po nékolika letech tak oZily projekcni prdce také na priblizné 1600 m dlouhém tunelu Vinohrady, kterym bude prevedena doprava od ulice
Rokytova, pod sidlistém Vinohrady, aZ k ulici Li¥eriskd. Cldnek pojedndvd o vysledcich predbéiného priizkumu, ktery pro tuto stavbu rea-
lizovala spolecnost GEOtest, a.s. v obdobi od zdri 2020 do cervna 2021.

ABSTRACT

The long-awaited work on the section of the Great City Ring road (VMO) Zabovieskd was started in Brno, which also includes a tram
tunnel excavated in the rock massif below Wilson’s Forest. At the same time, according to current information (May 2021), it is expected
that work on the next critical section of VMO Tomkovo ndmésti and Rokytova will begin at the end of June this year at the latest. The
implementation of these complex structures will complete the entire western and northern part of the city ring road. The investor’s attention
(Directorate of Roads and Motorways of the Czech Republic, hereinafter referred to as RSD) has therefore now turned to the north-eastern
part of the ring road and to the solution to the burning problem of passing through the Zidenice district. After a few years, the design work
thus was also revived on the approximately 1600 m long Vinohrady tunnel, which will transfer traffic from Rokytova Street, below the
Vinohrady housing estate, to LiSeriskd Street. The article deals with the results of a preliminary exploration carried out for this construction

by GEOtest, a.s. in the period from September 2020 to June 2021.

uvob

Brnénsky VMO je spolecné s piestavbou Zelezni¢niho uzlu Brno
bezesporu nejvyznamnéjs$im tizemné rozvojovym projektem jiho-
moravské metropole ajehotisek VMO Zidenice je podle méfeniinten-
zity dopravy zroku 2010 jeho nejvytizen€jsi Casti. Na ulicich Gajdo-
Sova a Svatoplukova byla naméfena intenzita 45 tis. vozidel / 24 h.
Pro srovnani na brnénském udseku déalnice D1 byla ve stejném ob-
dobi naméfena intenzita 66 tis. vozidel / 24 h. Neni proto prekva-
penim, Ze na uvedenych ulicich vznikaji kaZzdodenn¢ kolony s az
hodinovym zdrZenim.

Regenim ma byt odklonéni nové budované smérové délené vi-
ceproudé komunikace rychlostniho typu od stévajici trasy silnice
/42 novou mimouroviiovou kiiZzovatkou (MUK) Karlova (kiiZo-
vatka silnic 1/42 a silnice 11/374, obr. 1). Trasa nové komunikace
bude od této MUK vedena na estakad& pres jiZni okraj sefadova-
ciho nadrazi Malomérice a pies prumyslové aredly na ulici Kulko-
va. Zde estakdda kon¢i dalsi mimotroviiovou kfiZovatkou MUK
Rokytova. Tyto stavby jsou soucasti useku VMO Tomkovo nameésti
a Rokytova a podle aktudlnich informaci (kvéten 2021) na nich
budou nejpozdé€ji koncem cervna 2021 zahdjeny stavebni prace.
Predpokladané uvedeni do provozu je v roce 2023.

Za MUK Rokytova mé na novou trasu silnice /42 v budoucnu
navazat tunel Vinohrady se severozdpadnim portalem pfiblizné ve
stani¢eni km 8,500 a jihovychodnim portdlem mezi ulicemi Kitin-
ska a Jedovnicka, cca ve stani¢eni km 10,100. Celkova délka tunelu
tak bude pfiblizné 1600 m.

V ramci dfive zpracovanych studii a geotechnickych prazkumu
(GTP) bylo operovano se tfemi variantami trasy tunelu, oznacova-
nymi jako varianta zelend, modra a Cervend (obr. 1, pfevzato z in-
formacnich stranek RSD CR). Provedeny priizkum, kterému jsou

INTRODUCTION

The Brno VMO, together with the reconstruction of the Brno
railway junction, is undoubtedly the most important territorial
developmentprojectofthe SouthMoravianmetropolis, anditssection
VMO Zidenice is, according to traffic intensity measurements from
2010, its busiest part. On the streets GajdoSova and Svatoplukova
the intensity was measured 45 thousand vehicles/24 h. For
comparison on the Brno section of the D1 motorway, the intensity
of 66 thousand vehicles / 24 h was measured in the same period.
It is therefore not surprising that traffic jams with up to an hour’s
delay are formed on the streets every day.

The solution is to divert the newly built directionally divided
multi-lane high-speed road from the existing route of road 1/42
to the new level crossing (MUK) Karlova (junction of roads 1/42
and road 1I/374, Fig. 1). The route of the new road will run from
this MUK above ground over the southern edge of the Malomé&fice
marshalling yard and through the industrial areas on Kulkova Street
in the future. Here the flyover ends with another level crossing MUK
Rokytova. These buildings are part of the VMO section Tomkovo
namésti and Rokytova and, according to current information (May
2021), construction work on them will begin at the end of June
2021 at the latest. Expected commissioning is in 2023.

Behind MUK Rokytova, the Vinohrady tunnel is to be linked to
the new route of road 1/42 in the future by the Vinohrady tunnel
with the north-western portal at approximately km 8,500 and the
south-eastern portal between Kitinska and Jedovnicka streets,
approximately km 10,100. The total length of the tunnel will be
approximately 1600m.

As part of previously processed studies and geotechnical
explorations (GTP), three variants of the tunnel route were considered,
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Obr. 1 Nové vedenti silnice 1/42 a dfive uvaZované varianty trasy tunelu Vinohrady
Fig. 1 New route of the road I/42 and previously considered variants of the Vinohrady tunnel route

N

vénovany dalSi Casti textu, byl zpracovan pro Cervenou variantu
trasy. Ta je podle dostupnych informaci jedind dale zpracovavana
ve stupni dokumentace pro tzemni rozhodnuti (DUR). Informacni
letak na webovych strankach RSD CR k tomu uvadi nasledujici:
1 kdy? existuji jistd vskali ve smyslu geologickych a hydrogeolo-
gickych pomérii, tak se v aktudlni dokumentaci pocitd s variantou,
se kterou uvaZuje platny Uzemni pldn mésta Brna.

KOMPLIKACE PRI REALIZACI PRUZKUMU

Zahajeni praci na doplnéni pfedbézného prizkumu zkompliko-
valo hned ve fazi pfipravy nékolik faktord, z nichZ nékteré jsou
bézné a do jisté miry s nimi bylo pocitano jiz v piivodnim harmo-
nogramu praci, jiné ale béZné nejsou, jako napt. omezeni trednich
hodin na zakladé vladnich opatfeni proti Sifeni COVID-19, a s tim
spojené prodlouzené (neomezené) lhiity na vyfizeni ufednich do-
kumentt. Ze ziskani rozhodnuti o zvlastnim uZivani komunikace
(DIR), které bylo nezbytné pro realizaci vétSiny prazkumnych vrtd,
se tak pro zhotovitele prizkumu stalo obtizné fesitelné dilema, kdy
musel volit mezi pokutou za neopravnéné uzivani komunikace,
nebo pokutou za zpozdéné zahdjeni praci a nesplnéni zavaznych
terminil viici investorovi.

Dalsi bézné komplikace, jako vysoka hustota inZenyrskych siti
v prostoru sidlist¢ Vinohrady, a tim vynucené posuny vrtl, nahra-
dy 8kod na parkovacich plochich, komunikacich a méstské zeleni,
Ci realizace vrtll v obtizné pfistupném terénu, byly vzhledem k lo-
kalité ocekavané a nezptisobovaly vétsi problémy.

VYHODNOCENI PRUZKUMU

Kromé standardnich a béZnych vystupt byl podle pozadavka
investora v ramci vyhodnoceni geotechnického prizkumu, za po-
moci specializovaného vypocetniho programu (dile SW) Midas
GTS NX, sestrojen také inZenyrskogeologicky 3D model zajmové-
ho tzemi. Coz je ojedin€lé, zejména jiz ve fazi predbézného pri-
zkumu. K jeho tvorb€ byly kromé nové realizovanych vrti pouzity

referred to as the green, blue and
red variant (Fig. 1, taken from the
information pages of RSD CR). The
survey, to which other parts of the
text are devoted, was prepared for the
red variant of the route. According
to the available information, this is
the only one further processed in the
stage of documentation for the zoning
decision (DUR). The information
leaflet on the RSD CR website states
the following: “Although there are

feSena stavba L . .
— L.:nﬁedsco"nstmcﬁon certain pitfalls in terms of geological
jiné stavby and hydrogeological conditions, the

other constructions

wnee Varianta cervena current documentation envisages a

variant red ; . ;

eee varianta modrd variant con;ldered by {he valid Land
variant blue use Plan of the City of Brno.”

====+ Varianta zelena

“777 variant green

, R -i!'h- COMPLICATIONS
e V IN THE SURVEY

The start of work to supplement the
preliminary survey was complicated
in the preparation phase by several
factors, some of which are common
and to some extent already envisaged
in the original work schedule, but
others are not common, such as
restrictions on office hours based on government anti-proliferation
measures COVID-19, and the associated extended (unlimited)
deadlines for processing official documents. Obtaining a decision
on special use of the road (DIR), which was necessary for the
construction of most exploratory wells, made the dilemma difficult
for the explorer to choose between a fine for unauthorized use of
the road or a fine for delayed start of work and failure to meet
binding investor’s deadlines.

Other common complications, such as the high density of
engineering networks in the residential area of the Vinohrady
housing estate, and thus forced relocation of wells, compensation
for damage to parking areas, roads and urban greenery, or drilling
in difficult terrain, were expected due to the location and did not
cause major problems.

Reditelstvi silnic a dalnic CR
Directorate of Roads

and Motorways of the Czech
Republic

RSD CR RSD CR

SURVEY EVALUATION

In addition to standard and common outputs, an engineering
geological 3D model of the area of interest was constructed
according to the investor’s requirements within the evaluation of
the geotechnical survey, with the help of a specialized computer
software (hereinafter SW) Midas GTS NX which is unique,
especially in the preliminary survey phase. In addition to newly
drilled wells, archival surveys and the results of newly drilled and
archived geophysical measurements were also used for its creation.

The motivation for creating a 3D model was the fact that the route
of the planned tunnel passes through three fundamentally different
geological environments, ie the bedrock formed by rocks of the
Brno massif, Neogene sandy sediments and a subsurface layer
in which Quaternary soils and Neogene clays are unified. When
creating the model, the basic step was the creation of the bedrock
relief, for which information from geophysical measurements was
significantly applied. The next step was to define the surface of
Neogene sandy sediments, which fill an extensive depression in
the middle part of the route. The whole model is then covered by a
subsurface layer of soils.
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Obr. 2 InZenyrskogeologicky 3D

del zdjmové oblasti, pohled ve sméru JZ-SV; éervené priibéh skalniho podloZi Brnénského masivu, v pravé &sti (jihozdpadni

polovina trasy) patrnd vyraznd deprese, kterd je vyplnéna neogennimi piscitymi sedimenty; v povrchové vrstvé (hnédd barva) jsou slouceny vrstvy kvartérnich hlin
a neogennich jilii; v levé &dsti je patrny iisek, kde tunelové trouby vystupuji na povrch; v tomto tiseku bude realizovdn tunel presypany nebo galerie

Fig. 2 Engineering Geology 3D model of the area of interest, view in the SW-NE direction; in red color the bedrock course of the Brno Massif, in the right part
(southwestern half of the route) a significant depression is visible, which is filled with Neogene sandy sediments; layers of Quaternary clays and Neogene clays
are combined in the surface layer (brown color); in the left part there is a visible section where the tunnel tubes protrude to the surface; a cut and cover tunnel

or gallery will be built in this section

také vrty archivnich prizkumt a vysledky nové realizovanych i ar-
chivnich geofyzikdlnich méfeni.

Motivaci k tvorbé 3D modelu byla skutecnost, Ze trasa planova-
ného tunelu prochazi pies tii rizné zasadné se odlisujici geologicka
prostredi, tj. skalni podloZi tvofené horninami Brnénského masivu,
neogenni piscité sedimenty a ptipovrchovou vrstvu, ve které jsou
sjednoceny kvartérni zeminy a neogenni jily. Pfi vytvafeni modelu
tak byla zakladnim krokem tvorba reliéfu skalniho podloZzi, kde se
vyznamné uplatnily informace z geofyzikalnich méfeni. Nasledu-
jicim krokem bylo vymezeni povrchu neogennich piscitych sedi-
ment, které vypliuji rozsahlou depresi ve stfedni Casti trasy. Cely
model pak prekryva pripovrchova vrstva zemin.

Tvar terénu byl vygenerovan SW Terrain Geometry Maker na
zakladé dat zakoupenych od Ceského tifadu zeméméfického a ka-
tastralniho (CUZK). Smérové a vyskové vedeni trasy tunelovych
trub odpovida studii proveditelnosti z brezna 2021, kterou zhoto-
viteli prizkumu poskytly projekéni firmy AMBERG Engineering
Brno, a.s. a PK Ossendorf. Pohled na cely 3D model je na obr. 2.

3D model byl vyznamnym piinosem jiz pfi samotném vyhodnoce-
ni geotechnického prizkumu. Podle predpokladaného zptisobu vy-
stavby, a také inzenyrskogeologickych a geotechnickych pomért, byl
tunel rozc¢lenén na celkem osm usekd, které jsou stru¢né predstaveny
v nasledujicich podkapitolach. Popis té€chto dsekt a jejich vymezeni je
diky prezentovanym nahlediim pfehlednéjsi a srozumitelnéjsi, neZ pii
zobrazeni pouze za pomoci rovinnych fezl. Pro dalsi zpracovani byl
3D model poskytnut objednateli ve formatu Parasolid (version 24),
ktery je mozné jednoduse importovat do vSech bézné pouZivanych
CAD programd, jako jsou AutoCAD, Microstation apod.

Useky U1, U2 a U3

Ul je severozdpadni portalova oblast délky priblizné 80 m, U2
je usek délky priblizné 200 m s nizkym nadlozim, kde se podle
aktudlni studie proveditelnosti pfedpoklada hloubeni tunelu v ote-
vieném vykopu nebo postup vystavby metodou Zelva, U3 je tsek
dlouhy priblizné 150-180 m, kde bude vystavba piesypaného

The shape of the terrain was generated by SW Terrain Geometry
Maker on the basis of data purchased from the Czech Surveying
and Cadastral Office (CUZK). The directional and height guidance
of the tunnel pipe route corresponds to the feasibility study from
March 2021, which was provided to the survey contractor by
the design companies AMBERG Engineering Brno, a.s. and PK
Ossendorf. The view of the whole 3D model is in Fig. 2.

The 3D model was a significant benefit in the actual evaluation
of geotechnical survey. According to the expected method of
construction, as well as engineering geological and geotechnical
conditions, the tunnel was divided into a total of eight sections,
which are briefly presented in the following subchapters. Thanks to
the presented previews, the description of these sections and their
delimitation is clearer and more understandable than when viewed
only with the help of planar sections. For further processing, the
3D model was provided to the customer in the Parasolid format
(version 24), which can be easily imported into all commonly used
CAD programs, such as AutoCAD, Microstation, etc.

Sections U1, U2 and U3

Ul is a north-western portal area approximately 80m long, U2
is a section approximately 200m long with an overburden, where
according to the current feasibility study, a cut and cover tunnel
excavation in an open pit or an artificial tunnel roof construction
is assumed, U3 is a section approximately 150-180m long, where
cut and cover construction of a tunnel or a gallery takes place in
an open pit or in the field. Sections U1, U2 and U3 are shown in
Figures 3 and 4.

Section U4

This is an approximately 400m long section, where the tunnel
will be excavated in rocks of the Brno massif (Proterozoic
granitoids) with a high overburden, which has a thickness of
more than 35m from the tunnel roof. Proterozoic rocks are, in
comparison with all other excavated sections, the most favorable
for excavation conditions. Even here, however, a simple and



- €. 372021

horniny Brnénského masivu - granitoidy
rocks of the Brno massif - granitoids

kvartérni zeminy
Quaternary soils

Obr. 3 Pohled SZ-]JV na iseky Ul, U2 a U3 v geologickém 3D modelu — zobrazen povrch hornin Brnénského masivu, kvartérni pokryv zobrazen pouze v rovindch

priénych Fezii

Fig. 3 NW-SE view of sections Ul, U2 and U3 in geological 3D model — shown the surface of rocks of the Brno massif, the Quartenary cover is shown only in

planes of cross-sections

kvartérni zeminy
Quaternary soils
horniny Brnénského masivu - granitoidy
rocks of the Brno massif — granitoids

v

Obr. 4 Pohled SZ-JV naiiseky Ul, U2 a U3 v geologickém 3D modelu — zobrazen povrch hornin proterozoického stdri, kvartérni pokryv zobrazen pouze v rovindch

yox o 2

priénych Fezii

Fig. 4 NW-SE view of sections Ul, U2 and U3 in geological 3D model — surface of Proterozoic rocks shown, Quaternary cover shown only in cross-sectional planes

tunelu nebo galerie probihat v otevieném vykopu nebo na terénu.
Useky U1, U2 a U3 jsou zobrazeny na obr. 3 a 4.

Usek U4

Jedna se o priblizné 400 m dlouhy udsek, kde bude tunel razen
v hornindch Brnénského masivu (proterozoickych granitoidech)
s vysokym nadlozim, které ma mocnost vice nez 35 m od klenby tu-
nelu. Proterozoické horniny jsou, v porovnani se v§emi dalSimi ra-
Zenymi useky, pro podminky razby nejpiiznivéjsi. Ani zde ale nelze
predpokladat jednoduchy a bezproblémovy postup. Oblast se nalé-
z4 na rozhrani dvou vyznamnych geologickych jednotek, Ceské-
ho masivu a Zépadnich Karpat. Brnénsky masiv, ktery je soucasti
Ceského masivu, je v této okrajové Casti tvofen pfevazng hornina-
mi plasté masivu, tj. amfibolity, migmatity s polohami rul a apli-
th. Biotitické granodiority byly nové realizovanymi vrty zastiZeny

trouble-free procedure cannot be expected. The area is located on
the border of two important geological units, the Bohemian Massif
and the Western Carpathians. The Brno massif, which is part of the
Bohemian Massif, in this marginal part is formed mainly by rocks
of the massif mantle, ie amphibolites, migmatites with gneiss and
aplite positions. Biotite granodiorites were found only locally by
newly drilled wells. The information that the massif is made up
of such a diverse range of rocks shows that the intensity of rock
foliation and its orientation to the face will be highly variable and
difficult to predict. The rocks of the massif are variably weathered
and cracked with different intensity, when the orientation of the
cracks again depends to a certain extent on a specific rock and
therefore cannot be predicted over a longer section.

Furthermore, a significant fault zone in the tunnel overburden
was found by the newly drilled well J206A, the possible theoretical




Tufel

pouze lokdlné. Z informace, Ze masiv je tvoren takto pestrou pa-
letou hornin, vyplyvé, Ze intenzita foliace hornin a jeji orientace
vici Celbé bude silné proménliva a obtizné predvidatelna. Horniny
masivu jsou proménlivé navétrané a rozpukané s riznou intenzitou,
kdy orientace puklin opét do jisté miry zavisi na konkrétni horniné
a nelze ji proto na del§im tseku predvidat.

Dale byla nové realizovanym vrtem J206A zastiZena vyznamna
poruchové zéna v nadloZi tunelu, jejiZ mozny teoreticky prib¢h je
vykreslen v pri¢ném fezu na obr. 5. V neposledni fadé je nové reali-
zovanym hydrogeologickym pozorovacim vrtem HG205 monitoro-
véana hladina podzemni vody (HPV), ktera se i po provedeni Cerpaci
zkousky ve vrtu ustdlila pfiblizn€ v drovni 26 m nad niveletou trasy.

Usek U5

Jde o priblizné 450-490 m dlouhy tsek, kde bude tunel raZen
v silné ulehlych, misty az slabé zpevnénych neogennich piscitych
sedimentech, s mocnosti nadlozi pfevazné 25-35 m od klenby tu-
nelu. Rizikovych faktort na tomto tseku je celd fada. JelikoZ tento
text nema za cil shrnovat kompletni zavéry provedeného prizku-
mu, a protoZe v dobé€ zpracovani ¢lanku probihalo také zpracovani
rizikové analyzy, bude zde uveden pouze stru¢ny vypis hlavnich
rizik, bez jejich hlubsiho rozebirani a hodnoceni.
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course of which is plotted in cross section in Fig. 5. Last but not
least, the groundwater level (HPV) is monitored by the newly
drilled hydrogeological observation well HG205, which stabilized
approximately at the level of 26m above the alignment level after
the execution of the pumping test in the borehole.

Section U5

It is an approximately 450-490m long section, where the tunnel
will be excavated in highly dense, sometimes even weakly cemented
Neogene sandy sediments, with an overburden thickness mainly
25-35m from the tunnel roof. There are a number of risk factors
in this area. As this text is not intended to summarize the complete
conclusions of the exploration, and as a risk analysis was being
prepared at the time of writing, only a brief listing of the main risks
will be provided, without further analysis and evaluation.

The tunneling conditions will correspond to excavation in low-
strength soils and rocks. Determination of geotechnical parameters
of sandy sediments is quite problematic, because intact samples
cannot be taken out of them; in laboratory conditions it is not
possible to reliably simulate the natural high density of these
sediments, etc. The tunnel route in this section is taken under the
Vinohrady residential area, not directly under the buildings, but
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Obr. 5 Mozny teoreticky pritbéh poruchové zony v nadloZi tunelu
Fig. 5 Possible theoretical course of the fault zone in the tunnel overburden
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Podminky tunelovani budou odpovidat razbé v zeminach a horni-
nach malé pevnosti. Stanoveni geotechnickych parametrt pis¢itych
sedimenti je znané problematické, protoZe z nich nelze odebrat
neporusené vzorky, v laboratornich podminkach nelze spolehlivé
simulovat pfirozenou vysokou ulehlost téchto sedimentt atd. Trasa
tunelu je v tomto dseku vedena pod sidlistém Vinohrady, nevede
prfimo pod domy, ale predikovana poklesova kotlina ukazuje, Ze
stavba ovlivni inZenyrské sité a zastavbu v této oblasti véetné 12pa-
trového panelového domu. Soucasny priizkum nepotvrdil diivéjsi
obavy z mozného zvodnéni pis¢itych sedimentt pfi jejich bazi. Po-
dle realizovanych méfeni se drovein HPV pohybuje pfiblizné 10 m
pod povrchem horninového masivu. Nelze ov§em vyloucit piitom-
nost vody v prechodovych dsecich mezi tseky U4 a US, kde bude
razba prechdzet z prostfedi skalniho masivu do neogennich piskda.
Nelze také opomenou, Ze nad tsekem U5 je podle registru svaho-
vych nestabilit Ceské geologické sluzby zmapovéna rozsihld do-
Casné uklidnéna svahova nestabilita se smykovou plochou v jilech
spodniho badenu. Na obr. 6 je pohled ve sméru JJZ-SSV na tsek
U4 a zacatek useku U5 v inZenyrskogeologickém modelu. Z uve-
deného je zfejmé, Ze tento usek predstavuje z hlediska projekéniho
navrhu technického feSeni i nasledné realizace nejvetsi vyzvu.

Useky U6-US

U6 je priblizné 110-130 m dlouhy tsek s relativné nizkym nad-
lozim 2-3 priméry tunelu, kde bude razba probihat v pripovrchové
z6n¢ horninového masivu, pficemz prostor kaloty a klenby tunelu
bude tvofen neogennimi pisky a kvartérnimi uloZeninami. U7 je
usek dlouhy priblizné 100 m a razba zde bude probihat v kvar-
térnich eolickych sedimentech — spraSich a spraSovych hlinach.
U8 je priblizné¢ 160-180 m dlouha jihovychodni portdlova oblast
u MUK Jedovnicka.

Rovnéz realizaci té€chto usekl je mozné oznacit za obtiZzné pro-
veditelnou. Bude zahrnovat razbu v zeminach s nizkym nadloZim,
naopak v useku U6 Ize zejména v oblasti pocvy predpokladat hor-
niny pevnosti az R2 a soucasné v pfistropi neogenni pisky a kvar-
térni zeminy.

the predicted settlement trough shows that the construction will
affect utilities and housing development in this area, including a
12-storey panel house. The current exploration did not confirm
previous concerns about possible water-bearing of sandy sediments
at their base. According to the performed measurements, the HPV
level is approximately 10m below the ground surface. However,
the presence of water in the transition sections between sections
U4 and U5 cannot be ruled out, where the excavation will pass
from the environment of the rock massif to the Neogene sands. It
cannot be overlooked that above the section U5, according to the
register of slope instabilities of the Czech Geological Survey, an
extensive temporarily calmed slope instability with a shear surface
in the clays of the Lower Badenian boundary is mapped. Fig. 6
is a view in the direction SSW-NNE of the section U4 and the
beginning of the section U5 in the engineering geological model.
From the above it is clear that this section represents the biggest
challenge in terms of design of technical solutions and subsequent
implementation.

Sections U6-U8

U6 is an approximately 110-130m long section with a relatively
low overburden 2-3 tunnel diameters, where the excavation will take
place in the subsurface zone of the ground massif, while the area of
the heading and the roof of the tunnel will be formed by Neogene
sands and Quaternary deposits. U7 is a section approximately
100m long and excavation will take place in Quaternary Aeolian
sediments — loess and loess clays. U8 is an approximately
160-180m long south-eastern portal area near MUK Jedovnicka.

These tunnel sections can also be described as difficult to
implement. It will include excavation in soils with low overburden;
on the contrary, in the section U6 especially in the tunnel invert it is
possible to expect rocks of strength up to R2, and at the same time
Neogene sands and Quaternary soils in the tunnel roof.

The view of these sections in the engineering geological model
is in Fig. 7.

horniny Brnénského masivu - granitoidy
rocks of the Brno massif - granitoids

kvartérni zeminy

Quaternary soils
neogenni pisky
Neogene sands

Obr. 6 Pohled ve sméru JJZ-SSV na tvisek U4 vlevo a zaldtek tiseku U5 vpravo; neogenni piscité sedimenty dosahuji ve stiedni Cdsti iseku U5 mocnosti pies 80 m
Fig. 6 View in the south-south-east direction of section U4 on the left and the beginning of section U5 on the right; Neogene sandy sediments reach a thickness

of over 80m in the middle part of the U5 section
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horniny Brnénského masivu - granitoidy
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Obr. 7 Pohled ve sméru JV-SZ na vseky U6, U7 a U8
Fig. 7 View in the SE-NW direction of sections U6, U7 and U8

Pohled na tyto tseky v inZenyrskogeologickém modelu je na
obr. 7.

ZAVERY PRUZKUMU

Je mozné konstatovat, ze budouciho zhotovitele stavby ¢eka ukol
vskutku nelehky. S vyjimkou dvodnich tfi dsekd, které budou pro-
blematické zejména ve fazi pfipravy stavby, pfi feSeni majetkovych
vztaht, zaborli pozemki apod., jsou vSechny ostatni tseky vice Ci
méné technicky naro¢né a nesou i specificka a ¢asto vyznamna ri-
zika.

Nejnarocnéjsi bude realizace témér pulkilometrového useku
U5 v prostedi neogennich piscitych sedimentd, ve kterych je uz
samotnd volba vhodné technologie razby jistym otaznikem. Na-
vic s sebou tento tsek nese dal$i nemala rizika v podobé docas-
né uklidnéné svahové nestability, husté inzenyrské sité, zastavby,
a také trvajicich nejistot ve stanoveni geotechnickych parametrt
piscitych sedimentd, které neni mozné spolehlivé eliminovat béz-
nymi metodami geotechnického priizkumu.

Jednim ze zavéra je proto také doporuceni, aby bylo v rdmci
dalsiho stupné geotechnického priizkumu realizovano priizkumné
podzemni dilo. Zpracovatel priizkumu, spolecnost GEOtest, a.s. je
presvédcen, Ze pouze tak bude mozné posoudit a ovéfit realizo-
vatelnost tunelu v tsecich U4, U5 a U6. Jako nejvyhodnéjsi byla
doporucena realizace prizkumné Stoly prochdzejici useky U4 aZ
U7. Varianta nékolika vertikalnich Sachet s rozraZkami se jevi jako
obtiZné realizovatelna vzhledem k vySce nadloZi a nedostatku pra-
covniho prostoru v oblasti husté zastavby sidli§t¢ Vinohrady.

Ing. ADAM ZAPLETAL,
zapletal@geotest.cz, GEOtest, a.s.

Recenzoval Reviewed: doc. Ing. Alexandr Rozsypal, CSc.
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CONCLUSIONS OF THE SURVEY

It is possible to state that the future contractor faces a really
difficult task. With the exception of the first three sections,
which will be problematic especially in the phase of construction
preparation, in solving property relations, land acquisition, etc.,
all other sections are more or less technically demanding and also
carry specific and often significant risks.

The most demanding will be the implementation of the almost
half-kilometer section U5 in the environment of Neogene sandy
sediments, in which the very choice of a suitable excavation
technology is a question mark. In addition, this section carries
with it considerable risks in the form of temporarily calmed
slope instability, dense engineering utility network, housing
development as well as persistent uncertainties in determining
the geotechnical parameters of sandy sediments, which cannot
be reliably eliminated by conventional methods of geotechnical
investigation.

Therefore, one of the conclusions is also a recommendation
that a civil engineering-exploration work be carried out within the
next stage of the geotechnical survey. The exploration executor,
GEOtest, a.s. is convinced that only in this way it will be possible
to assess and verify the feasibility of the tunnel in sections U4,
U5 and U6. The implementation of an exploration gallery
passing through sections U4 to U7 was recommended as the most
advantageous. The alternative of several vertical shafts with tunnel
excavation startups seems to be difficult to implement due to the
height of the overburden and the lack of working space in the dense
development of the Vinohrady housing estate.

Ing. ADAM ZAPLETAL,
zapletal@geotest.cz, GEOtest, a.s.
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SLEDOVANI ZMEN V HORNINOVEM PROSTREDI ZA OBRYSEM

VYRUBU PODZEMNIHO DILA GEOELEKTRICKYMI METODAMI

MONITORING OF CHANGES IN ROCK ENVIRONMENT BEYOND

UNDERGROUND EXCAVATION CONTOUR USING GEOELECTRIC
METHODS

PAVEL BLAHA, PAVEL POSPISIL

ABSTRAKT

Cldnek se zabyvd aplikaci vybranych geofyzikdlnich (geoelektrickych) metod v rdmci priizkumu kvality horninového prostiedi v okoli vyrubu
podzemnich dél. Zejména se soustreduje na sledovdni zmén horninového masivu za boky podzemniho dila s cilem dokumentovat detailné krehké
a plastické deformace. Pilotni prdce byly realizovdny v prostoru Podzemniho vyzkumného pracovisté (PVP) Bukov, konkrétné ve zkusebnich
komordch ZK-1 a ZK-2. ZkuSebni komory byly raZeny pomoci trhacich praci metodou hladkého vylomu na obrysu tak, aby doslo k minimdlnimu
narusent skalniho masivu za boky podzemniho dila. Prezentované vysledky jsou soucdsti dosud neukonceného projektu ,,Rozvoj geotechnickych
a geofyzikdinich metod pro ziskdni 2D a 3D obrazu geologické stavby* dotovaného Ministerstvem priimyslu a obchodu CR. Uvedeny projekt
zkoumd pouZiti Sirokého komplexu geofyzikdlnich metod pro rozsdhlé bdriské a inZenyrské stavby. Z tohoto Sirokého komplexu jsou prezentovdny
vysledky geologického a vrtného radaru a elektrické odporové tomografie. Ta nebyla zpracovdvdna klasickymi interpretacnimi programy, ale jeji
vysledky byly prevedeny na vertikdlni elektrické sondovdni a symetrické odporové profilovdni. Diivodem byla snaha popsat co nejlépe horninové
prostiedi tésné za boky podzemniho dila. Pilotni vysledky potvrdily oprdvnénost pouZiti takto volenych geofyzikdlnich metod.

ABSTRACT

The article deals with the application of selected geophysical (geoelectric) methods in the investigation of quality of rock environment
in the vicinity of underground excavation. In particular, it focuses on monitoring changes in the rock mass beyond the excavation sides
in order to document in detail the brittle and plastic deformations. The pilot operations were carried out in the area of the Bukov
Underground Research Facility (URF), specifically in the test chambers ZK-1 and ZK-2. The test chambers were excavated using the
contour blasting technique so that there was minimal disturbance to the rock mass behind the excavation side walls. The presented results
are part of the, until now unfinished project “Development of geotechnical and geophysical methods for obtaining 2D and 3D images
of geological structures” funded by the Ministry of Industry and Trade of the Czech Republic. The project examines the use of a wide
range of geophysical methods for large mining and civil engineering construction projects. From this wide complex, the results of ground
penetrating and borehole radar and electrical resistivity tomography (ERT) are presented in this paper. It was not processed by classical
interpretation programs, but its results were converted into vertical electrical sounding and symmetric resistivity profiling. The reason was
the effort to describe the ground environment just behind the sides of the underground working. The pilot results confirmed the legitimacy
of using geophysical methods selected in this way.

uvop

Identifikace a sledovéani kfehkého poruseni a zmén ve skalnim
masivu pii razbé podzemniho dila je aktudlnim tématem fady od-
bornych publikaci. Vyzkum je zaméfen zejména na vyuZiti ne-
destruktivnich prizkumnych metod a jejich korelaci s vysledky
pifimého prizkumu. Vysledky publikované v tomto ¢lanku jsou dil-
¢imi vystupy vyzkumného ukolu zaméfeného na analyzu hornino-
vého prostiedi ve vybranych podzemnich prostoraich PVP Bukov
pomoci nedestruktivnich metod geofyzikalniho méfeni, konkrétné
pomoci Ground Penetrating Radar (GPR), Borehole Penetrating
Radar (BHR) a elektrické odporové tomografie (ERT). Cilem vy-
zkumnych praci bylo ovéfeni kvality horninového prostiedi ve vy-
branych mistech pod poc¢vou a za boky dllnich chodeb, zejména
s dirazem na vymezeni tektonicky porusenych mist. Uvedena pro-
blematika souvisi zejména s identifikaci diskontinuit pfirozeného
1 antropogenniho ptivodu.

KONCEPCNi MODEL HORNINOVEHO PROSTREDI
V ZAJMOVE OBLASTI

Horninovy komplex, v némz je situovano PVP Bukov, nélezi
do metamorfni jednotky striZeckého moldanubika. Uzemi mol-
danubika je charakterizovano pievahou biotitickych a amfibol-

INTRODUCTION

Identification and monitoring of brittle failure and changes in
the rock mass during the underground excavation is a current topic
in a number of professional publications. The research is mainly
focused on the use of non-destructive investigation methods and
their correlation with the results of direct investigation. The results
published in this paper are partial outputs of a research task focused
on the analysis of rock environment in selected underground spaces
of the Bukov URF using non-destructive methods of geophysical
measurements, namely the Ground Penetrating Radar (GPR),
the Borehole Penetrating Radar (BHR) and Electrical Resistivity
Tomography (ERT). The objective of the research work was to
verify the quality of the rock environment in selected places
under the excavation bottom and behind the side walls of mine
galleries, especially with emphasis on the definition of tectonically
faulted places. This issue is mainly related to the identification of
discontinuities of natural and anthropogenic origin.

CONCEPTUAL MODEL OF ROCK ENVIRONMENT
IN THE AREA OF INTEREST

The rock complex in which the Bukov URF is located belongs
to the StraZec Moldanubic Formation metamorphic unit. The
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biotitickych pararul postiZzenych riznym stupném migmatitizace.
Prevazuji stfedné zrnité stromatitické, biotitické migmatity. Tyto
horniny uzaviraji télesa amfiboliti, granulitd, serpentinitd az pe-
ridotitt [4].

Mramory vystupuji hlavné v télese, které se tahne od Dolni Ro-
zinky k Bukovu. Na vychozech dominuje dolomiticky mramor,
ktery je tvofen hlavné kalcitem a dolomitem. Migmatitizovany
amfibolit vystupuje na mapé uzemi v podobé pomérné vyraznych
pruhil po obou strandch hlavniho granulitového télesa.

Ze strukturniho pohledu je pro oblast strazeckého moldanubika
charakteristickd superpozice nékolika regiondlnich metamorfnich
staveb, jedna se o polyfazové deformované horniny. Relativné
nejstarsi foliace maji ve stfedni ¢ésti jednotky prevdzné strmou
orientaci prubéhu pfiblizné SSV-JJZ. Tyto foliace se smérem
k jiznimu i severnimu okraji stdceji do pfiblizn€ smérit SZ-JV
a byly rGznou mérou prevrasnény a stfizné refoliovany do no-
vych folia¢nich ploch, které upadaji pod mirnymi aZ stfednimi
uhly k SV, JZ az JIV. Tyto nové foliace jsou doprovazeny vysky-
tem lineaci, které upadaji pod mirnymi thly k SZ nebo JV [10].
Kromé pfirozené vyvinutych diskontinuit se v horninovém masi-
vu vytvareji i antropogenni diskontinuity vlivem razby dalniho
dila.

MERENI GEOLOGICKYM RADAREM (GPR)

Metodika méfeni a interpretace byla zvolena tak, aby co nejlé-
pe zdokumentovala tektonicky postiZzend mista. Pro analyzu byl
zvolen komplexni pfistup vychazejici z hodnoceni horninového
prostiedi a jeho vyvoje v Case. V ramci pfipravy analyzy byly
shromdzdény dostupné relevantni tdaje o horninovém prostiedi
v zajmové oblasti (obr. 1).

Pro vyhledavani mist zmén v horninovém masivu lze apliko-
vat principidlné takové geofyzikalni metody, kdy méfena veli¢ina
je zavisla na méfitelném odliSeni fyzikalniho projevu hledaného
objektu (tektonické poruchy). SloZitost horninového prostfedi
(samotné geologické poméry, rizny fyzikalni projev podzemnich
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Obr. 1 Situace bdriskych dél v PVP Bukov
Fig. I Location of galleries in the Bukov URF
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territory of the Moldanubic Formation is characterised by
predominance of biotite and amphibole-biotite paragneisses
affected by varying degrees of migmatisation. Medium-grained
stromatite, biotite migmatite predominates. These rock types
enclose the bodies of amphibolite, granulite, serpentinite and
peridotite [4].

Marble rises up mainly in bodies which stretch from Dolni
Rozinka towards Bukov. The outcrops are dominated by dolomitic
marble, which is formed mainly by calcite and dolomite.
Migmatised amphibolite outcrops on the map of the area in the
form of relatively distinctive stripes on both sidewalls of the main
granulite body.

From the structural point of view, the area of the StraZec
Moldanubic Formation is characterised by a superposition of
several regional metamorphic structures, the rock is deformed
polyphasedly. The relatively oldest foliations in the central part
of the unit have a predominantly steep orientation approximately
NNE-SSW. These foliations turn towards the southern and
northern edges, trending NW-SE. They were refolded and sheer
refoliated to various degrees into new foliation surfaces that dip
at mild to moderate angles NE, SW to SSE. These new foliations
are accompanied by the occurrence of lineations dipping under
slight angles NW or SE [10]. In addition to naturally developed
discontinuities, anthropogenic discontinuities are also formed in
the rock mass due to the mine excavation.

GROUND PENETRATING RADAR MESUREMENT (GPR)

The measurement and interpretation methodology were
chosen to best document the tectonically affected locations. A
comprehensive approach based on the assessment of the rock
environment and its development with time was chosen for the
analysis. The available relevant data on the rock environment in
the area of interest was collected within the framework of the
preparation of the analysis (see Fig. 1).

To search for places of changes in the rock mass, itis in principle
possible to apply such geophysical methods where the measured
quantity depends on the measurable difference in the physical
manifestation of the sought object (tectonic faults). The complexity
of the rock environment (geological conditions themselves,
different physical manifestations of underground spaces and
rock mass, sometimes even a limited area of exploration, in some
cases intense fault fields) makes the application of geophysical
methods often quite complex and difficult. The same applies to
the interpretation of such geophysical measurements.

The measurements carried out using the GPR method were
performed successively on a total of six profiles in the ZK-2
chamber. The first P1 profile was led on the chamber bottom. The
second profile P2 was situated on the right sidewall, 0.5m above
the bottom and the third profile P3 was led at a height of 1.5m
above the bottom, also on the right sidewall of the chamber. The P4
profile was led on the left sidewall of the ZK-2 at a height of 1.5m
across a 10m long macroscopically visible tectonic fault. Profiles
P5 and P6 were vertical at a distance of 8m from the mouth of ZK-2.
In the profile P5 on the left sidewall of the chamber and in the
profile P6 on the right sidewall, the measurement proceeded from
the bottom. All profiles were also measured in reverse direction
for standby and inspection purposes. The character of the surface
of the rock mass in the locations of the profiles was unmodified; it
was a common excavation within the framework of underground
excavation, only the bottom of the chamber was improved with
small-size crushed aggregate.
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prostor a horninové hmoty, nékdy i plosné omezena oblast pru-
zkumu, v nékterych pfipadech intenzivni poruchova pole) zpi-
sobuje, Ze aplikace geofyzikdlnich metod je Casto dosti slozitd
a obtizna. TotéZ plati o interpretaci takovychto geofyzikalnich
méfeni.

Me¢feni realizované metodou GPR bylo provedeno postupné
celkem na Sesti profilech v komote ZK-2. Prvni profil P1 byl ve-
den po pocvé komory. Druhy profil P2 byl situovan na pravém
boku 0,5 m nad poc¢vou a treti profil P3 byl veden ve vySce 1,5 m
nad pocvou, také na pravém boku komory. Profil P4 byl veden na
levém boku ZK-2 ve vySce 1,5 m pies makroskopicky viditelnou
tektonickou poruchu v délce 10 m. Profily P5 a P6 byly svislé ve
vzdalenosti 8 m od dsti ZK-2. V profilu P5 na levém boku komory
a v profilu P6 na pravém boku méfeni probihala smérem od poc-
vy. VSechny profily byly pro tcely zalohy a pro kontrolu provadeé-
ny i reverzné. Charakter povrchu horninového masivu v mistech
profilt byl neupraveny, jednalo se o bézny vylom v ramci razby
podzemniho dila, pouze poc¢va komory byla upravena drobnym
drcenym kamenivem.

K méfeni GPR tektonického poruSeni horninového masivu byl
pouzit radar $védské vyroby RAMAC/GPR firmy Mala Geo-
Science AB. Komplex oznacovany jako aparatura GPR se skla-
da z nasledujicich ¢asti: opera¢ni modul ProEx, monitor (resp.
pocitac) Monitor XV 11, stinéné antény o frekvencich 100 MHz,
250 MHz a 500 MHz. Interpretace geofyzikalného odrazu byla
provedena softwarem RadExplorer 1.42.

Vysledky pilotniho méfeni tektonického poruseni horninového
masivu GPR aparaturou Mala GeoScience AB byly operativné
zobrazeny pfimo v terénu na monitoru aparatury. Zobrazeni geo-
fyzikédlniho obrazu pfimo v terénu vSak neni v mnoha pripadech
rozhodujici. Je zapotiebi provést interpretaci pomoci naptiklad
vyse zminéného software RadExplorer, coz byl pripad tohoto mé-
feni. GPR profily byly pfedbéZné interpretovany jiZ v terénu na
terénnim monitoru. Jednotlivé profily byly vytyCeny zpracovateli
prizkumu pfimo v terénu s ¢iselnym oznacenim P1 az P6 (obr. 2).

Z vysledki méfeni vyplynulo, Ze pouZiti aparatury se 100 MHz
stinénou anténou bylo vhodné pouze pro méfeni v horizontdlni
poloze na poc¢vé zkusebni komory. Na profilech byla prokazatel-
né identifikovana heterogenita hmot a tektonicky porusena mista.

Mnohem leps§i vysledky pfinesly profily méfené soupra-
vou s anténnimi systémy stinénych antén s frekvenci 250 MHz

T

Obr. 2 Pozice GPR profilii v ZK-2 (P1-P6, vpravo dole nosi¢ radarové antény)
Fig. 2 Location of GPR profiles in ZK-2 (P1-P6, bottom right carrier of radar
antenna)

The GPR measurements of tectonic faulting of rock mass were
conducted using Swedish-made radar RAMAC/GPR produced by
Mala GeoScience AB. The complex, branded as GPR apparatus,
consists of the following parts: ProEx operating modulus, Monitor
XV11 monitor (respectively computer), shielded antenna with
frequencies 100MHz, 250MHz and 500MHz. It was interpreted
by RadExplorer 1.42 software.

The results of the pilot GPR measurement of tectonic faulting
of the rock mass using the Mala GeoScience AB apparatus
were operatively displayed directly in the field on the apparatus
monitor. However, in many cases, the display of a geophysical
image directly in the field is not decisive. It is necessary to
perform interpretation using, for example, the above-mentioned
RadExplorer software, which was the case of this measurement.
GPR profiles were preliminarily interpreted in the field on a
field monitor. The individual profiles were set out by the survey
processors directly in the field with the numbering P1 to P6 (see
Fig. 2).

It followed from the measurement results that the use of
apparatus with a 100MHz shielded antenna was only suitable
for measurements in a horizontal position at the bottom of the
test chamber. Heterogeneity of masses and tectonically faulted
locations were demonstrably identified on the profiles.

Much better results were obtained by profiles measured by a
set with antenna systems of shielded antennae with a frequency
of 250MHz and 500MHz. The profiles were 18 to 18.75m
long (depending on the possibility of handling the antenna).
A tectonically fractured environment can be observed on all
profiles. Based on the interpretation of the measured profiles,
especially P2 and P3, led on the right sidewall of ZK-2 at a height
of 0.5m and 1.5m above the bottom, it is possible to preliminarily
consider the separation of the rock mass damaged zone, probably
the Excavation Damaged Zone (EDZ) (a zone of the rock mass
fractured by excavation) to be approximately 0.5m below the
rock mass surface. The results are clearly documented by Fig. 3.
A radargram in profile P3 (right sidewall of ZK-2, height 1.5m
above the bottom) is in question. It was obtained using a set with
a shielded antenna 5S00MHz. There is a clearly visible zone on the
radargram limited to the base at a depth of 0.5m, representing the
probable EDZ. It runs along the entire length of the radargram.
The radargram also clearly documents a significant tectonic fault
0, starting on the right sidewall of ZK-2 at chainage metres 10 to
11, up to the surface. This tectonic fault, which “runs” into the
rock mass, is clearly reflected on the radargram (indicated by a
black arrow). Reflexes can be locally observed on the radargram
at a depth of about 1.7m to 2.5m. For better correlation, a real
image of the right sidewall of the ZK-2 chamber, oriented
identically to the radargram, capturing the side from the eighth
to the nineteenth chainage meter was inserted in the upper part
of Fig. 3.

The GPR measurement in ZK-2 was also conducted as a pilot
trial in the vertical direction (see Fig. 4) using an assembly
with a shielded antenna SOOMHz. Fig. 4 presents a radargram
characterising the vertical profile by the left side of ZK-2 at a
distance of 8m from the connection to the corridor BZ1-XII.
On the interpreted radargram, four interfaces were singled out,
representing probably fault zones / surfaces in the rock massif,
marked A to D. Interface A running from the bottom to the crown
of ZK-2 at a depth of 0.5m also represents the probable base of
the EDZ. Interface B is tectonic, running first to a height of about

1.5 m above the bottom vertically and then obliquely approaching
the sidewall of the ZK-2 to a depth of 0.5m. Interface C connects
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Obr. 3 ZK-2 profil P3 a foto pravého boku
Fig. 3 ZK-2 profile P3 and image of the right wall

a 500 MHz. Profily mély délku 18 az 18,75 m (podle moZnosti
manipulace s anténou). Na vSech profilech je moZno pozorovat
tektonicky poruSené prostfedi. Na zdkladé interpretace mére-
nych profili zejména P2 a P3, vedenych na pravém boku ZK-2
ve vySce 0,5 m a 1,5 m nad poc¢vou, je moZno predbéZné uvazovat
i o0 vyclenéni zony poruseni horninového masivu, pravdépodobné
EDZ z6ny (Excavation Damage Zone — z6na poSkozeni masivu
v disledku provedeni vyrubu) cca 0,5 m pod povrchem hornino-
vého masivu. Tyto vysledky jasné dokumentuje obr. 3. Jedna se
o radargram v profilu P3 (pravy bok ZK-2, vyska 1,5 m nad poc-
vou), ziskany za pouZziti sestavy se stinénou anténou 500 MHz.
Na radargramu je jasné zietelna zona omezena na bazi v hloubce
0,5 m, reprezentujici pravdépodobnou zénu EDZ, a to v celé dél-
ce radargramu. Zcela jasné je také v radargramu dokumentovano
vyrazné tektonické poruseni , vychézejici na pravém boku ZK-2
v metrazi 10 az 11 na povrch. Tato tektonicka porucha, ktera ,,za-
biha“ do horninového masivu, ma zfetelnou reflexi na radargramu
(oznaceno Cernou Sipkou). Lokédlné€ 1ze na radargramu pozorovat
reflexy v hloubce cca 1,7 m az 2,5 m. Pro lepsi korelaci byl do
obr. 3 v horni ¢asti vloZen redlny obraz pravého boku komory
ZK-2, orientovany shodné s radargramem, zachycujici bok od os-
mého do devatenactého metru.

Méteni GPR v ZK-2 bylo pilotné provedeno také ve vertikal-
nim sméru (obr. 4) sestavou se stinénou anténou 500 MHz. Na
obr. 4 je radargram charakterizujici vertikalni profil levym bokem
ZK-2 ve vzdalenosti 8 m od tsti do chodby BZ1-XII. Na interpre-
tovaném radargramu byla vyclenéna Ctyfi rozhrani reprezentujici
pravdépodobné poruchové zony/plochy ve skalnim masivu, ozna-
¢ené A aZz D. Rozhrani A probihajici od poc¢vy az ke stropu ZK-2
v hloubce 0,5 m reprezentuje také pravdépodobnou bazi zény
EDZ. Rozhrani B je tektonické, probihajici nejprve do vysky cca
1,5 m nad poc¢vou vertikalné a pak se Sikmo pfibliZuje boku ZK-2
do hloubky 0,5 m. Rozhrani C navazuje na B ve vysce cca 1,5 m
nad pocvou, ale pak probihd ke stropu komory v hloubkéch 0,9
az 0,8 m. Rozhrani D je lokélni, reprezentujici poruseni skalniho
masivu pii stropu komory v metrazi 2,5 az 3 a v hloubce 1,2 az
1,5 m od boku dila.

MERENI VRTNYM RADAREM (BHR)

Reflexni méreni
Vrt S1 byl proméfen reflexnim systémem. Vyrobce antén
uvadi, Ze anténni systémy jsou smérové [6]. Z tohoto divody

to B at a height of about 1.5m above the bottom, but then runs to
the crown of the chamber at depths of 0.9 to 0.8m. Interface D is
local, representing the damage to the rock mass at the crown of
the chamber in the length of 2.5 to 3m and in the depth of 1.2 to
1.5m from the sidewall of the working.
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Obr. 4 ZK-2 svisly profil P5 (A-D reflexni plochy GPR signdlu)
Fig. 4 ZK-2 vertical profile P5 (A-D reflex planes of GPR signal)
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bylo k zapousténi anténniho systému do vrtu pouzito hranolové
souty&i. Ctvercovy priifez souty&i umoznil ,.cileny* smér vysi-
lani elektromagnetického vinéni. ZkuSenosti z pouZivani toho-
to systému ukazuji, Ze smérové vysilani elektromagnetického
systému neni zcela idedlni. Z dosavadni praxe vsak vyplyva,
Ze v jednom sméru je systém pouze ,,propustnéjsi‘ [6], o upl-
ném smérovém vysilani tedy nelze hovofit. Z tohoto divodu se
méfeni provadi ve ctyfech smérech otocenych vzajemné o 90°
s cilem zajistit pfibliZnou prostorovou orientaci vyhledavanych
struktur podle nejintenzivnéj$iho anomalniho projevu v daném
sméru.

BOREHOLE PENETRATING RADAR (BHR) MEASUREMENT

Reflection measurements

Borehole S1 was measured by a reflection system. The antenna
manufacturer states that the antenna systems are directional [6].
For this reason, a prismatic rod was used to install the antenna
system to the borehole. The square cross-section of the rod allowed
for “targeted” directing of electromagnetic wave transmission. The
experience from the use of this system shows that the directional
transmission by an electromagnetic system is not entirely ideal.
However, it follows from the current
practice that in one direction the

radargram (Nedvéd 2018)
according to (Nedvéd 2018)

system is only “more permeable” [6],
so it is not possible to speak about
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porudené prostredi
fractured rock mass

silné porusené prostfedi
highly fractured rock mass
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fractured rock masg

full directional transmission. For this
reason, the measurements are carried
out in four directions rotated by 90°
from each other in order to ensure
the approximate spatial orientation
of the searched structures according
to the most intense anomalous
manifestation in the given direction.

The assessment of the radargrams
in this case was complicated by
flooding of the useful signal by
reflections from the sidewall of
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the cross adit and their subsequent
repeated propagation along the
probe cable (upper record in Fig. 5).
A surprising finding is the fact
that the radargrams do not show
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typical hyperbolic reflections from
the discontinuity surfaces running
at a general angle to the borehole
axis. There is a certain indication
of a failure at chainage 16m, where
this indication is defined in the
upward, left and right directions.
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independently by three experts. First,
the results of individual interpreters
were assessed on the records for
individual directions. The results
showed that there is no significant
difference in the results for individual
interpreters  and individual

in

Soucek et al. 2017

15 20 25m

podle Verner, Bukovska 2015
acoording to Verner, Bukovska 2015

. g pararula
g paragneiss

[« pegmatit, aplit
K pegmatite, aplite

. A migmatitizovany amfibolit
A migmatitized amphibolite

directions of measurement. The
next step of the complete processing
was to determine the mean values
of the directions and “depths” of
the individual structural elements
(Fig. 5 — second picture from the
top). In total, four significant zones
of rock mass failure (6, to 9,) and six

30
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Obr. 5 Vrtny radar reflexné, vrt S1
Fig. 5 Reflex borehole radar, borehole S1

secondary zones were identified in
borehole S1.
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Vyhodnocovéni radargrami bylo v tomto piipadé komplikova-
no zahlcenim uzite¢ného signalu odrazy od boku piekopu a jejich
naslednym opakovanym §ifenim po kabelu sondy (horni zdznam
na obr. 5). Pfekvapujicim poznanim je skute¢nost, Ze na radar-
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According to the geological logging of the borehole, the first
reflection at 5.2 meters could be associated with the boundary
between pegmatite and paragneiss. This reflection has no
equivalent on the RQD curves or on the logging curves. The second

gramech nejsou typické odrazy ve
tvaru hyperboly od ploch diskonti-
nuit jdoucich pod obecnym thlem k
ose vrtu. Ur¢ity naznak je u poru-
chy v 16 metrech, kde je tato indi-
kace definovdna ve smérech naho-
ru, vlevo a vpravo. Vyhodnocovani
radarovych méfeni ve vrtu S1 bylo
vedeno snahou zajistit co nejveétsi
objektivitu interpretace. Z tohoto
divodu byly zdznamy vSech Ctyr
smérd interpretovany nezavisle tie-
mi experty. Nejdiive byly na zdzna-
mech v jednotlivych smérech vy-
hodnoceny vysledky jednotlivych
interpretatort. Vysledky ukazaly,
Ze neexistuje Zadny vyrazny rozdil
ve vysledcich u jednotlivych inter-
pretitora i v jednotlivych smérech
meéfeni. Dal$Sim krokem tplného
zpracovani bylo stanoveni stfednich
hodnot sméri a ,.hloubek® jednot-
livych strukturnich prvka (obr. 5 —
druhy obrazek od shora). Celkem
se podafilo ve vrtu S1 urcit Ctyfi
vyznamné zoény poruSeni hornino-
vého masivu (6, aZ §,) a Sest pdsem
podruznych.

Prvni odraz v 5,2 metru by podle
geologické dokumentace vrtu mohl
byt spojovan s hranici mezi pegma-
titem a pararulou. Tento odraz nema
ekvivalent na kfivkach RQD a ani
na karotaZnich ktivkach. Druhy od-
raz (16,5 m) lze spojovat s existenci
vlozky migmatitizovaného amfi-
bolitu. Toto rozhrani se projevuje
skokovym zvySenim RQD z 65 na
93 %. Spolu s RQD se od této met-
raze zvySuje i objemova hmotnost
hornin zjisténad karotdzné, a to az
na 2,85 gem?. Tieti zona leZi uvnitf
pasma amfibolitl. V této metrazi 1ze
najit relativni snizeni RQD na 65 %
a zaznamenat pokles objemové
hmotnosti nacca 2,76 gcm?. Posled-
ni zoéna s nejvétsi pravdépodobnos-
ti souvisi s rozhranim mezi mig-
matitizovanym amfibolitem a para-
rulou. Jak vypadaji zjisténa hlavni
pédsma, je patrné na fotografiich vrt-
ného jadra a zdznamech z videodo-
kumentace vrtil.

Radarové prozarovani

Terénni méfeni na PVP Bukov
bylo realizovano ve spolupraci s fir-
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Obr. 6 Vrtny radar prozarovdni S17-ZK-2
Fig 6 Borehole radar — radiography S17-ZK-2
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mou SG Geotechnika a.s.. Méfeni byla provedena aparaturou
SIR-20, ktera je vyrobkem americké firmy GSSI. Jedna se o plné
digitalni aparaturu se zdznamem na pfipojeny pocitac — notebook,
s vrtnymi anténnimi systémy TUBEWAVE-100 MHz Svédského
vyrobce Radarteam Sweden AB [6].

Jednou z moZnych aplikaci radarovych méfeni ve vrtech je ra-
darové prozafovani na obr. 6 (crosshole measurement). V tomto
piipadé je vysilaci anténa v jednom vrtu, pfijimaci pak ve druhém
vrtu. Zde byla pfijimaci anténa umistovana ne ve druhém vrtu,
ale na boku zkusebni komory ZK-2. V tomto pfipadé se vyhod-
nocuje ¢as prichoziho signalu pfi soubéZném pohybu obou antén.
Pfi tomto zpGsobu méfeni se definuji vlastnosti prostiedi mezi
osami méfeni celkové a nelze presné urcit geometrické umiste-
ni pfipadné nehomogenity. V tomto pfipadé Slo o prostor mezi
vrtem S17 a zdpadnim bokem zkuSebni komory ZK-2. Tento
zptisob méfeni dava pouze informaci o pritomnosti nehomoge-
nit v prozafovaném prostiedi a neni mozné spolehlivé urcit jejich
pozici. Vystupem jsou zmény Casu prichodu viny mezi anténami
a velikost amplitudy ,,prozafeného* signalu. Méfeni bylo prove-
deno soubéZnym posunem obou anténnich systémd po 10 cm. Na
obr. 6 je vyobrazen radarovy zdznam registrovaného radarového
impulzu. Na grafu pod nim jsou ¢asy priuchodu vyslaného impul-
zu na staniCeni vrtu a velikost amplitudy ,,prozafeného* signalu
v relativnich jednotkach.

Ze vzdalenosti vrtu od zdpadniho boku komory a casu pra-
chodu elektromagnetické viny byly vypocteny rychlosti elektro-
magnetickych vin v tom kterém misté. Hodnoty casu byly pra-
mérovany v useku cca jeden metr a vzdalenosti byly urCeny ze
zaznamu laserového skenovani, které provedli pracovnici Ustavu
geoniky AVCR. Vypocitané rychlosti jsou v grafech zobrazeny
zelené.

Vysledky radarovych méfeni rozd€luji prozafeny horninovy
masiv do péti bloki. Prvni (A) sahd od nuly do cca 7,5 metru,
druhy (B) se vymezuje mezi 7,5-11,0 m, tfeti (C) lze najit mezi
11,0 az 14,5 m, ¢tvrty (D) od 14,5 do 18,5 m a posledni (E) sahd
od 18,5 m do konce méfeni, tj do 22,5 m. V bloku A se rychlosti
elektromagnetického zareni pohybuji okolo 0,100 m/ns, v bloku
B 0,091 m/ns a v bloku C 0,097 m/ns, v bloku D 0,090 m/ns

reflection (16.5m) can be associated with the existence of an
interbed of migmatised amphibolite. This interface is manifested
by a step decrease in RQD from 65 to 93%. Together with RQD,
the volume weight of rock determined by logging also increases
from this chainage, up to 2.85g.cm?. The third zone lies within the
amphibolite zone. In this chainage, a relative reduction of RQD to
65% can be found and a decrease in bulk density to about 2.76g.cm
can be noted. The last zone is most likely related to the interface
between migmatised amphibolite and paragneiss. What the main
bands look like is evident in the photographs of the drill core and
the records from the video documentation of the boreholes.

Radar measurement

Field measurements at the Bukov URF were carried out in
collaboration with SG Geotechnika a.s. too. The measurements
were carried out using the SIR-20 apparatus, which is a product
of the American company GSSI. It is a fully digital apparatus
with recording on a connected computer — notebook, with drilling
antenna systems TUBEWAVE-100MHz produced by Sweden-
based Radarteam Sweden AB [6].

One of the possible applications of radar measurements
in wells is cross-hole measurement in Fig. 6. In this case, the
transmitting antenna is in one borehole, the receiving antenna in
the other borehole. Here, the receiving antenna was installed not
in the second borehole, but on the side of the ZK-2 test chamber.
In this case, the time of the incoming signal is assessed during
the concurrent movement of both antennae. In this method of
measurement, the properties of the environment between the
measurement axes are defined in general and it is not possible
to precisely determine the geometric position of any possible
inhomogeneity. In this case, the space between the borehole S17
and the west sidewall of the test chamber ZK-2 was in question.
This method of measurement only gives information about the
presence of inhomogeneities in the examined environment and it
is not possible to reliably determine their positions. The output
specifies changes in the time of the wave propagation between
the antennas and the magnitude of the amplitude of the “radiated-
through” signal. The measurement was carried out by both
antenna systems shifting simultaneously by 10cm steps. Fig. 6
shows a radar record of a registered radar impulse. The graph

below it shows the propagation times of the
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transmitted impulse to the borehole chainage
and the magnitude of the amplitude of the
“radiated-through” signal in relative units.

The velocities of the electromagnetic
waves at the particular place were calculated
from the distance of the borehole from the
western sidewall of the chamber and the time
of propagation of the electromagnetic wave.
The time values were averaged in the section
about one meter long and the distances were
determined from the laser scanning record
conducted by the staff of the Institute of
Geonics ASCR. The calculated velocities are
shown in green in the graphs.

The results of radar measurements divide
the radiated-through rock mass into five
blocks. The first one (A) ranges from zero
to about 7.5 meters, the second one (B) is

defined between 7.5—11.0m, the third one (C)

Obr. 7 GPR profil s interpretovanou zonou EDZ
Fig. 7 GPR profile with interpreted EDZ zone

can be found between 11.0 and 14.5m, the
fourth one (D) from 14.5 to 18.5m and the
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a v poslednim prudce klesaji na 0,074 m/ns. Dale jiz nejdou rych-
losti urcit, protoze se vzdalenost mezi vysilaci a pfijimaci anté-
nou snizuje a kvalita pfijatého signalu ve vyrazné poruseném ma-
sivu prudce klesa. Podle radarového prozatrovani vychazeji bloky
A a C jako nejkvalitnéjsi, bloky B a D jako poruSené a blok E

jako silné poruseny.

Mimo déleni do blokt se z radarového prozarovani podafilo ur-
Cit Ctyfi linie vyrazného poruseni horninového masivu. Na obraz-
ku jsou tyto linie vyznaceny Cervenou ¢erchovanou c¢arou. Prvni,
oznacena jako 8A, se smérem od vrtu S17 k boku komory ZK-2
rozdvojuje. Ve vrtu S17 se tato linie projevuje vyraznym pokle-
sem RQD az na 38 %. Je mozné, Ze souvisi s puklinami zapada-
jicimi pod dhlem 75° a 80° ve staniceni cca 2,1 resp. 4,5 metru.
Druha linie 6B ma RQD vys§i (58 %), ale na radarovém prozato-
vani se projevuje vyraznym poklesem amplitudy signalu. SniZeni
amplitudy Ize vysvétlit vétSim rozptylem elektromagnetického
pulzu na puklinovém systému. Druhym moZnym vysvétlenim

N

je vyraznéjsi zvodnéni poruchy oproti okolnimu horninovému

Symetrické odporové profilovani (z ERT)
Electrical profiling (from ERT)

Vertikalni elektrické sondovani (z ERT)
Vertical electrical sounding (from ERT)
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Obr. 8 Vysledky VES a SOP ziskanych z ERT méveni v ZK-1
Fig. 8 Results of VES and SRP obtained from ERT measurements in ZK-1
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last one (E) extends from 18.5 m to the end of the measurement,
i.e. up to 22.5m. In block A, the velocities of electromagnetic
radiation vary around 0.100m/ns, in block B 0.091m/ns and in
block C 0.097m/ns, in block D 0.090m/ns and in the last one they
fall sharply to 0.074m/ns. Further the velocities can no longer
be determined because the distance between the transmitting
and receiving antennas increases and the quality of the received
signal in the significantly disturbed rock mass decreases sharply.
According to the radar measurement, blocks A and C appear to be
of the highest quality, blocks B and D to be fractured and block E
to be severely fractured.

In addition to the division into blocks, four lines of significant
faulting of the rock mass were determined by the radar
measurement. In the picture, these lines are marked with a red
dashed line. The first, marked SA, bifurcates from borehole S17
to the sidewall of chamber ZK-2. In borehole S17, this line is
reflected in a significant decrease in RQD up to 38 %. It is possible
that it is related to the fractures dipping at an angle of 75° and 80°
in chainages about 2.1 and 4.5 metres, respectively. The second

line 6B has a higher RQD (58 %),
but on radar radiation-through it
manifests itself by a significant
decrease in signal amplitude.
The decrease in amplitude can be
explained by the greater scattering
of the electromagnetic pulse
on the system of fissures. The
other possible explanation is a
more significant saturation of the
fault with water compared to the
surrounding rock mass. The third
and fourth faults are characterised
by a significant decrease in the
RQD and the amplitude of the
passed  electromagnetic
The shifting of the anomaly in
the individual parts is given by
the oblique course of the fault.
This applies especially to the third
fault, which appears to correspond
to a “mylonitised” structure with
the presence of tectonic clay with
increased moisture.

The results of the pilot GPR
measurements are in agreement with
the measurements at the Finnish
repository under construction in the
Onkalo locality (see Fig. 7). Both
the pulse radar and step frequency
3D radar were used there for the
measurement. The results of Finnish
measurements show the thickness
of the EDZ most often in the value
of 25cm. However, it is clear from
the course of the interface that there
are places with a greater depth of
damage (presented in blue in the
picture) exceeding 40cm. From the
radargram (upper part of Fig. 7) it is
evident that there are also locations
with an even greater depth of

wave.
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masivu. Treti i ¢tvrtd porucha se vyznacuji vyraznym poklesem
RQD i amplitudy proslé elektromagnetické viny. Posun anoma-
lie v jednotlivych dilech je dan Sikmym pribéhem poruchy. To
plati zejména o tfeti poruse, ktera ziejmé odpovidd ,,myloniti-
zované* struktufe s pritomnosti tektonického jilu se zvySenou
vlhkosti.

Vysledky pilotniho méfeni GPR jsou ve shodé s méfenimi na
budovaném finském uloZisti v lokalité Onkalo (obr. 7). Tam byly
pro méfeni pouZity aparatury jak pulzniho radaru, tak i kroko-
vé frekven¢niho 3D radaru. Vysledky finskych méfeni ukazuji
mocnost EDZ nejcastéji v hodnoté 25 cm. Z priibéhu rozhrani je
vSak patrné, Ze existuji mista s vétsi hloubkou poruseni (v obr. 7
modfe zndzornénd) presahujici 40 cm. Z radargramu (horni ¢ést
obr. 7) je patrné, Ze existuji i mista s jeSté vétsi hloubkou poruseni
(v obr. 7 oznacené jako fracture), kde hloubka poruseni dosahuje
801 vice cm.

ODPOROVE METODY (VES + SOP)

K pokusnému méfeni vertikdlniho elektrického sondova-
ni (VES) byla na PVP Bukov zvolena zkuSebni komora ZK-1,
konkrétné jeji pravy bok. Divodem byla skutecnost, Ze na boku
byla ve dvou profilech opakované mérfena elektrickd odporova
tomografie (ERT) a ultrazvukové méfeni ve formé méfeni pfi-
mé a lomené vlny. ZkuSebni prace VES probéhly v klasickém
zpusobu méfeni, tj. s konstantnim krokem v logaritmickém
méritku s deseti rozestupy AB/2 na dekadu. K méfeni byla po-
uZzita aparatura ARES II firmy GF Instruments. Pfi méfeni ve
zkuSebni komote ZK-1 je potfebné pocitat se zménou geomet-
rie méfeni, tj. z prechodu méfeni poloprostorovych (27) na meé-
feni celoprostorovd (4m). Naméfené hodnoty zdanlivych mér-
nych odporti bylo proto nutné na tento vliv opravit. Pfi délkach
usporadani vétSich nez rozmér dila je potfebné zavést opravny
koeficient, ktery zohledni Sifeni proudu ve vétSim prostoru,
neZ je poloprostor. K opravdm byl pouzit graf opravného koefi-
cientu [2].

V prvni etapé zkusSebnich praci bylo zméfeno pét bodt VES,
a to tak, Ze dvé VES byla na boku komory 1,8 m nad pocvou,
dvé na boku 1,2 m nad poc¢vou a jedno na pocvé. Vysledky mé-
feni a jejich interpretace ukazaly, Ze kiivky VES jsou obdobného
typu, a Ze na nich 1ze urcit geoelektricka rozhrani do hloubky 3 az
S5Sm.

Velkd hustota méfenych bodd zdanlivého mérného odporu
pri méfeni elektrické odporové tomografie divd moznost jejich
zpracovani jinym zplsobem, neZ je klasické pouZiti digitalnich
2D programt, napi. RES2DINV [5]. Pfeorganizovanim dat z vy-
stupniho souboru geoelektrickych aparatur (ARESII ¢i Terrametr
LS) umoZni ze standardn€ namétfenych dat ERT ziskat kfivky
VES. Pfi transformaci méfeni ERT na kfivky VES je moZné po-
uzit pouze konstantni krok postupu elektrod AB v normalnim
meéfitku. ProtoZe ¢ast méfeni na PVP Bukov byla realizovana
s krokem 0,5 m, byly kfivky VES prokresleny s timto krokem.
To dava krivky dobre prokreslené (pres standard) v hodnotach
AB/2 pres 2,5 m, naopak malo prokreslenou ¢ést kiivky VES do
1,5 metru.

Kfivky VES neni moZné ziskat v celé délce profilu ERT
(obr. 8). To je dano predpisem méfeni elektrické odporové tomo-
grafie, kdy zlstavaji nedostatecné prométené pocatecni a konco-
vé Casti proméfovaného useku. Pro tcely méfeni, tj. pro popsani
horninového masivu do hloubky cca ¢tyf metrd, je mozné kiivky
VES ziskat v useku cca 6 az 14 m z proméfovaného profilu ERT

damage (in Fig. 7 marked as fracture), where the depth of damage
reaches 80 or more cm.

RESISTIVITY METHODS (VES + SOP)

For experimental vertical electrical sounding (VES), the ZK-1
test chamber was chosen at the Bukov UREF, specifically its right
sidewall. The reason was the fact that the electrical resistivity
tomography (ERT) and ultrasonic measurement in the form of
straight and refracted wave measurements were repeatedly carried
out on the sidewall in two profiles. The VES testing took place
using the classical method of measurement, i.e. with a constant
step on a logarithmic scale with ten AB/2 intervals per decade.
ARES II apparatus produced by GF Instruments was used for the
measurement. When measuring in the ZK-1 test chamber, it is
necessary to take into account the change in the measurement
geometry, i.e. the change from the transition of half-space (27)
measurements to full-space (47) measurements. The measured
values of apparent specific resistivities therefore had to be
corrected for this effect. For the lengths of the arrangement greater
than the dimension of the excavation, it is necessary to introduce
a correction coefficient that takes into account the current
propagation in a larger space than the half-space. A correction
coefficient graph [2] was used for the corrections.

In the first stage of the test work, five VES points were
measured, so that two VES points were on the sidewall of the
chamber 1.8m above the bottom, two on the side 1.2m above the
bottom and one on the bottom. The results of measurements and
their interpretation showed that the VES curves are of a similar
type and that geoelectric interfaces to a depth of 3 to 5m can be
determined on them.

The high density of measured points of apparent specific
resistivity in the electrical resistivity tomography measurement
gives the possibility of processing them in a different way
than the classical use of digital 2D programs, e.g. RES2DINV
[5]. By reorganizing the data from the output set of geoelectric
apparatuses (ARESII or Terrameter LS), it will be possible to
obtain VES curves from ERT data measured in a standard way.
When transforming ERT measurements into VES curves, it is
only possible to use a constant step of the AB electrodes advance
on a normal scale. Because a part of the measurements at the
Bukov URF were carried out with a step of 0.5m, the VES curves
were plotted with this step. This gives well plotted curves (over
the standard) with AB/2 values over 2.5m, on the contrary, less-
detailed plotted part of the VES curve is given up to the height
of 1.5m.

VES curves cannot be obtained along the entire length of the
ERT profile (see Fig. 8). This is due to the principle of electrical
resistivity tomography measurements, where the initial and final
parts of the measured section remain insufficiently measured. For
measurement purposes, i.e. to describe the rock mass to a depth
of about four meters, it is possible to obtain VES curves in the
section about 6 to 14m long from 19 metres long ERT measured
profile. This, of course, applies only if the electrode spacing
is at least 0.5m. If changes in apparent specific resistivity are
observed on individual VES curves from the ERT, it is obvious at
first glance that the curves are not as smooth as the VES curves
measured in ideal conditions, e.g. when measuring on an open
terrain with a loamy cover. Nevertheless, it can be stated that
the VES curves maintain similarity when moving from one VES
position to another.
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dlouhého 19 metrl. To ovSem plati pouze pfi rozestupu elektrod
minimélné 0,5 m. JestliZe jsou sledovany zmény zdanlivého mér-
ného odporu na jednotlivych kfivkach VES z ERT, je na prvni
pohled patrné, Ze kiivky nejsou tak hladké, jako kfivky VES mé-
fené v idedlnich podminkach, napf. pfi méfeni na volném terénu
s hlinitym pokryvem. Pfesto vSak je mozné prohlasit, Ze kiivky
VES pii prechodu z jedné pozice VES ke druhé zachovavaji po-
dobnost.

Ve stiedni ¢4sti obr. 8 jsou vysledky interpretace VES z ERT na
pravém boku na dolnich profilech zkuSebni komory ZK-1. Tato
meéfeni umoznila urcit podél profilu tfi typy rozhrani. Prvni je
charakteristické pfechodem z malého do velkého mérného odpo-
ru. Tento typ rozhrani se nachézi v hloubkach od 0,4 do 1,1 met-
ru. Druhy typ rozhrani ma opacny charakter (velky x maly mérny
odpor) a lze jej najit v hloubkéch 0,4 az 1,3 m, vyjimecn¢ hloubé-
ji. Posledni typ rozhrani leZi v hloubkdch pfes 2,5 m, vyjimecné
uzod 1,5 m.

Prvni vrstva je s nejvétsi pravdépodobnosti tvofena hornina-
mi, které byly bezprostfedné ovlivnény trhacimi pracemi. Pa-
jde o horniny s Cetnym vyskytem puklin, Casto i otevienych.
Mimo blizkost ,,prisakd“ podzemni vody bude vlhkost hornin
této vrstvy nizka. Naopak druhd vrstva je vrstvou hornin se
zvySenym napétim. Vlhkost této vrstvy je nizkd a pukliny jsou
seviené. Posledni vrstva je jiZ antropogenné neovlivnény hor-
ninovy masiv a rozhrani v ni bude s nejvétsi pravdépodobnosti
odpovidat zméndm v litologickém sloZeni horniny nebo jejimu
stavu.

Prvni vysledky méfeni VES primo na skalnim masivu ukdza-
ly, Ze tuto metodu je moZné pouZit pfi zkoumdni horninového
masivu v dilnich dilech. Interpretace je specifickd a vyZaduje
zkuSeného geofyzika, nicméné se jevi pravdépodobnym, Ze timto
zpusobem bude moZné popisovat zmény v horninovém masivu za
boky dilniho dila. Tim bude umoZnéno pfispét k poznani EDZ
zony v okoli banskych dé€l. Je proto nezbytné metodu VES déle
testovat na vyzkumnych podzemnich pracovistich.

Zajimavou se ukazuje moZnost pouZiti VES ziskanych z mére-
ni ERT k popisu horninového masivu nedaleko za boky diilniho
dila. Jejich aplikace na bocich zkuSebni komory ukazala, Ze timto
zpisobem lze ziskat detailni idaje o stavu horninového masivu
tésné za boky dulnich dél. Pro $irsi hodnoceni pouZitelnosti to-
hoto zptsobu geofyzikdlniho méfeni je planovano zméfit jeden
az dva profily elektrickou odporovou tomografii se vzdalenosti
elektrod 0,25 metru.

ZAVER

Pilotni méfeni GPR, vrtnym radarem a ERT pfineslo po inter-
pretaci nadéjné vysledky pro hodnoceni horninového prostredi
na po¢vé a bocich zkuSebnich komor ZK-1 a ZK-2. Jedna se ze-
jména o hodnoceni poruseni masivu, kdy byly anténami riiznych
frekvenci identifikovany diskontinuity do hloubek danych typem
pouzité antény. Méfeni by bylo vhodné opakovat s pouzitim sti-
nénych antén s vyssi frekvenci 700 MHz az 1 GHz. Toto méfe-
ni by 1épe charakterizovalo poruseni v mélké zéné horninového
masivu, a tim by bylo moZno presnéji stanovit i hloubku EDZ
zony.

Prezentované vysledky odporovych méfeni ukazuji na zaji-
mavou moznost, jak urCovat hloubky a rozhrani a mérné odpory
kvazihomogennich celkll za bokem dilniho dila. Tzn., Ze je takto
mozno, pomoci odporovych metod, zjisfovat napf. rozsah EDZ
z6ny za obrysem vyrubu podzemniho dila.
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The middle part of Fig. 8 presents the results of the VES
interpretation from the ERT on the right side on the lower
profiles of the ZK-1 test chamber. These measurements allowed
for identifying three types of interfaces along the profile. The
first is characterized by the transition from low to high specific
resistivity. This type of interface is located at depths from 0.4 to
1.1 metres. The second type of interface has the opposite character
(large x small specific resistivity) and can be found at depths of
0.4 to 1.3m, exceptionally deeper. The last type of interface lies at
depths of over 2.5m, exceptionally already from 1.5m.

The first layer is most likely formed by rock directly affected
by blasting. It will be rock with numerous discontinuities, often
open ones. Apart from the proximity of groundwater “leaks”, the
moisture content of this rock layer will be low. On the contrary, the
second layer is a layer of rock with increased stress. The moisture
content of this layer is low and the discontinuities are closed. The
last layer is already an anthropogenically unaffected rock mass
and the interface in it will most likely correspond to changes in
the lithological composition of the rock or its condition.

The first results of vertical electrical sounding measurements
directly on the rock mass showed that this method can be used
in the investigation of the rock mass in mine workings. The
interpretation is specific and requires an experienced geophysical
engineer, however, it seems likely that in this way it will be
possible to describe changes in the rock mass behind the mine
working sides. This will allow for contributing to the knowledge
of the EDZ in the vicinity of mining workings. It is therefore
necessary to further test the VES method at underground research
facilities.

The possibility of using the VES obtained from ERT
measurements to describe the rock mass near the sides of the mine
workings is interesting. Their application on the sides of the test
chamber showed that in this way it is possible to obtain detailed
data on the condition of the rock mass just behind the sides of the
mine workings. For a broader evaluation of the applicability of
this geophysical measurement method, it is planned to measure
one to two profiles by electrical resistivity tomography with the
electrode spacing of 0.25 metres.

CONCLUSION

After interpretation, pilot measurements of GPR, cross-borehole
radar and ERT yielded promising results for the assessment of
the rock environment on the bottom and sides of test chambers
ZK-1 and ZK-2. This is especially the evaluation of damage to
rock mass, when antennas of different frequencies were used
to identify discontinuities to the depths given by the type of the
antenna used. It would be good to repeat the measurement using
shielded antennas with a higher frequency of 700MHz to 1GHz.
This measurement would better characterise the fracturing in the
shallow zone of the rock mass, and thus it would be possible to
determine more accurately the depth of the EDZ.

The presented resistivity measurement results show an
interesting possibility how to determine the depths and interfaces
and specific resistivities of quasi-homogeneous units behind
the sidewall of the mine working. It means that it is possible, in
this way, to use resistivity measurement methods to determine,
for example, the extent of an EDZ behind the contour of the
underground working.

However, to obtain the presented results, commonly used
systems of processed resistivity measurements are not enough,
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K ziskani prezentovanych vysledka vSak nestac¢i béZné pou-
Zivané systémy zpracovanych odporovych méfeni, ale je nutné
vyuZit velké mnozZstvi dat, kterd dava elektrickd odporova tomo-
grafie. Pokud se mé tato metoda pouzit pro uvadéné ucely, je po-
tfebné upravit metodiku jejtho méfeni, zejména zmensit vzajem-
nou vzdalenost elektrod.

Zavérem je nutno konstatovat, Ze vysledky méfeni jsou vzdy do
urcité miry ovlivnény konkrétnim tvarem a materidlem hledaného
objektu/diskontinuity. Déle je méfeni ovlivnéno trajektorii zvole-
ného profilu. Odrazy elektromagnetického vInéni budou zaviset
i na fyzikélni charakteristice zastizenych hornin a také na ptipad-
né dodatecné vyplni téchto objektl (materidl v rizné mocnosti na
poc¢vé kazdého objektu, vypli diskontinuity atd.).

Podékovani

Prezentované vysledky jsou vysledkem praci na projektu MPO
, Rozvoj geotechnickych a geofyzikdlnich metod pro ziskdni 2D
a 3D obrazu geologické stavby“. Bez stdtni dotace tohoto pro-
Jjektu by uvedené geofyzikdlni prdce nebylo mozné realizovat. Za
to patri MPO nase uzndni a dik. Metoda vrtného radaru byla
aplikovdna ve vrtech v dole RoZnd I, a to zejména v Podzem-
nim vyzkumném pracovisti Bukov, jeZ vybudovala a provozuje
SURAO. Realizace jakychkoliv &innosti v prostordch hlubinné-
ho dolu je pomérné ndkladnd, sloZitd a vyZaduje souhru mnoha
profesi a cinnosti (zdzemi, technickd podpora atd.). Diky sou-
Cinnosti se SURAO, které v maximdlni mozné mire podporuje
vyzkumné aktivity v PVP formou technické podpory a poskyto-
vdnim servisu, se podarilo pldnovand méreni a veskeré ostatni
aktivity velmi dobie zvlddnout. Za to patii SURAO nase uzndni
a dik.
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but it is necessary to use a large amount of data provided by
electrical resistivity tomography. If this method is to be used for
the stated purposes, it is necessary to adjust the methodology of
the measurement, in particular to reduce the mutual distance of
the electrodes.

In conclusion, it is necessary to state that the measurement
results are always influenced to some extent by the specific shape
and material of the searched object/discontinuity. Furthermore,
the measurement is affected by the trajectory of the selected
profile. The reflections of electromagnetic waves will also depend
on the physical characteristics of the encountered rock and also on
any possible additional filling of these objects (various thickness
material on the bottom of each object, filling of discontinuity,
etc.).

Acknowledgements

The presented results are the result of the work on the Ministry
of Industry and Trade project “Development of geotechnical
and geophysical methods for obtaining 2D and 3D images of
geological structures”. Without the state subsidy of this project,
the mentioned geophysical operations would not be possible.
For this, the MIT deserves our recognition and thanks. The
cross-borehole radar method was applied in boreholes in the
RozZnd I mine, especially in the Bukov Underground Research
Facility, which was built and operated by the Radioactive Waste
Repository Authority (SURAO). Any activity in an underground
mine is relatively expensive, complex and requires the interplay
of many professions and activities (background, technical
support, etc.). Thanks to the cooperation with SURAO, which
supports research activities in the URF in the form of technical
support and the provision of service as much as possible, the
planned measurements and all other activities were managed
very well. For that, SURAO deserves our recognition and
thanks.

doc. RNDr. PAVEL BLAHA, DrSc.,
blaha@geotest.cz, GEOtest, a.s.

doc. RNDr. PAVEL POSPISIL, PhD.,
pavel.pospisil@vysb.cz, VSB TU Ostrava

[1] BUKOVSKA, Z., VERNER, K., EDS. Komplexni geologickd charakterizace prostorii PVP Bukov. Zdvérecnd zprdva, SURAO,

TZ 191/2017, Praha, MS.

[2] CHMELEVSKOIJ, V. K. Metody podzemnoj elektrorazvedki, Geofiziceskije issledovanija, Sb. 1, Moskva, 1964.

(3]
(4]
(5]
(6]

(71
(8]

(9]

KORALKA, S. Zavérecnd zprava o prib&hu vystavby PVP Bukov. Dil B: Textové piilohy, piiloha &. I Karotdzni méveni a televizni
prohlidka v horizontdlnim vrtu Bj-1. — SURAO, Praha, 2014, MS.

KRIBEK, B., HRAZDIRA, P,, SIXTA, V., SIKL, J., MIKSOVSKY, M., VENERA, Z., SOBOTKA, M. Strukturni, hydrogeologic-
ké a geochemické zhodnoceni horninového prostiedi loZiska RoZnd s ohledem na uloZeni odkalistich vod — CGU, 1997, Praha.
LOKE, M. H. Tutorial: 2-D and 3-D electrical imaging surveys, 2012, User’s manual.

NEDVED, J. Georadarové méfeni ve vrtech v PVP Bukov, SG Geotechnika, Praha, 2018, s. 15. MS.

PATOCKA, M. Prvotni geologicko-geofyzikdlni dokumentace ZK2-J, UD Dolni RoZinka. Dolni RoZinka, 2016, MS.

SOUCEK, K.,VAVRO, M., STAS, L., KALAB, Z., KONICEK, P., GEORGIOVSKA, L., KALAB, T., KONECNY, P, KOLCUN, A,
KRALOVA, L., KUBINA, L., LEDNICKA, M., MALIK, J., MARTINEC, P, PTACEK, J., VAVRO, L., WACLAWIK, P,
ZAJICOVA, V. 2018. Komplexni geologickd charakterizace prostorii PVP Bukov — &dst I Geotechnickd charakterizace. Zdvérecnd
zprdva. SURAO, TZ 221/2018, Praha, MS.

SILVAST, M., WILJANEN, B. ONKALO EDZ-Measurements Using Ground Penetrating Radar (GPR) Method, POSIVA,
Olkiluoto, 2008, 1-33.

[10] VERNER, K., BUKOVSKA, Z., EDS. Komplexni geologickd charakterizace prostorii PVP Bukov — rocni etapovd zprdva 2015,

SURAO, TZ 1/2015, Praha, MS.



TuMel 30. roénik - £. 3/2021

GEOTECHNICKY MONITORING NA STAVBE TRAMVAJOVEHO
TUNELU V BRNE
GEOTECHNICAL MONITORING ON TRAM TUNNEL CONSTRUCTION
IN BRNO

MAREK POLAK, OTAKAR PAZDIREK, ONDREJ HORT

ABSTRAKT

Cldnek poskytuje Ctendri zdkladni tidaje a geotechnicky pohled na probihajici stavbu prodlouZeni tramvajové trati (TT) do aredlu Fa-
kultni nemocnice a Univerzitniho kampusu v Brné-Bohunicich. Z celkovych 0,9 km prodlouZeni trati je pres 600 m vedeno v tunelech, kdy
vyrazné pres polovinu délky tvori tunel téZeny pod zastropenymi podzemnimi sténami. Zbyvajici cdst predstavuji tunely budované v ote-
vienych stavebnich jamdch. Stavba byla naplno zahdjena na jare loriského roku a intenzivné postupuje k ocekdvanému zprovoznéni na
konci roku 2022. Navzdory celkové nestandardnimu obdobi je pro stavbu charakteristicky relativné velmi rychly postup vystavby. V ceském
prostiedi dopravnich staveb je vcelku neobvykld i organizace vystavby podle smluvnich podminek Zluté knihy FIDIC. Cldnek se vénuje

NS

predevsim nekolika zajimavéjsim geotechnickym aspektiim tunelové cdsti projektu a geotechnickému monitoringu.

ABSTRACT

The article provides the readers with basic data and a geotechnical view of the ongoing construction of the extension of the tram line
(TL) to the premises of the University Hospital and the University Campus in Brno-Bohunice. Of the total length of 0.9km of the line
extension, over 600m is led through tunnels, where significantly over half of the length is formed by a tunnel excavated under a roof deck
supported by retaining walls. The remaining part consists of cut-and-cover tunnels. The construction started in full swing in the spring
of last year and is progressing intensely towards the expected commissioning at the end of 2022. Despite the generally non-standard
period, the construction is characterised by a relatively very fast progress. In the Czech environment of transport construction projects, the
organization of construction according to the FIDIC Yellow Book contractual conditions is quite unusual. The article deals mainly with
several more interesting geotechnical aspects of the tunnelled part of the project and geotechnical monitoring.

uvoD INTRODUCTION

Protoze stavba ,,Prodlouzeni TT z Osové ke Kampusu Masary-
kovy univerzity v Bohunicich* (dile jen stavba) nebyla v ¢asopisu
Tunel doposud predstavena, bude ¢tendf na Gvod seznamen se za-
kladnimi ddaji.

Stavba je novou vétvi stavajici tramvajové linky, kterd obslu-
huje brnénské sidlisté Bohunice. Budovana vétev tramvaje se od

As the project “Extension of TL from Osova to the Masaryk
University Campus in Bohunice” (hereinafter referred to as the
project) has not been presented in the TUNEL journal yet, readers
will be informed about the basic data in the beginning.

The project comprises a new branch of the existing tram line,
which serves the Brno residential area Bohunice. The tram line
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Obr. 1 Situace Sirsich vztahii a hlavni tunelové objekty
Fig. 1 Situation of wider relationships and main tunnel structures
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stavajici trati odpojuje ve stanici Osova a mifi severnim smérem
k oblasti planované vystavby mezi ulicemi Jihlavska a Labska (za-
stavka Nova Jihlavska) a pokracuje pod ulici Jihlavska do prostoru
mezi Fakultni Nemocnici Brno — Bohunice, Univerzitni kampus
Masarykovy univerzity a obchodni centrum Campus Square, kde
bude konecna zastdvka Nemocnice Bohunice. Tato zastavka doplni
stavajici uzel hromadné dopravy a posili obsluhu této frekvento-
vané oblasti. Zakladni schéma vedeni trati a rozdéleni tunelovych
objektl je uvedeno na obr. 1.

Zadavatelem a stavebnikem projektu ,,ProdlouZeni tramvajové
traté¢ z Osové ke Kampusu MU v Bohunicich* je Statutiarni mésto
Brno a Dopravni podnik mésta Brna, a.s. Stavba byla vefejnou za-
kazkou zadéna ve smyslu smluvnich podminek FIDIC YELLOW
BOOK (upravuji vztah mezi stavebnikem a zhotovitelem stavby,
zhotovitel zpracovéava projekt a podle néj stavbu realizuje). Pred-
métem dila zhotovitele je tedy nejen vystavba, ale také projekcni
a inZenyrska ¢innost (,,vyprojektuj a postav®). Zadavaci dokumen-
taci byla Dokumentace pro tzemni rozhodnuti (DUR) doplnénad
o pozadavky stavebnika.

Za zhotovitele byla vybrana spolecnost ,,Tramvajové trat Kam-
pus — Firesta + Metrostav®, kde vedoucim sdruzeni je FIRESTA-Fi-
Ser, rekonstrukce, stavby a.s., spoleCnikem Metrostav a.s. Spravce
stavby pro objednatele provadi Spolecnost spravce stavby pro TT
Kampus (INFRAM a.s. jako spravce spolecnosti; Dopravoprojekt
Brno a.s., INVIN s.r.o. a Brnénské komunikace a.s. podle smluv-
nich podminek FIDIC WHITE BOOK, které upravuji vztah mezi
stavebnikem a jeho konzultantem). Projektantem zhotovitele je ve
stupnich Zakladni navrh, DSP i RDS METROPROJEKT Praha a.s.

Geotechnicky monitoring pro zhotovitele provadi sdruzeni ,, TT
Kampus GTM* tvorené firmami GEOtest, a.s., GEOSTAR spol.
s 1.0. a INSET s.r.o.

Pripravné prace stavby byly zahdjeny na konci roku 2019. Sta-
vebni povoleni bylo vydano na jafe 2020. S predpokladanym uve-
denim do zkuSebniho provozu na konci roku 2022 je tedy stavba
v dob¢ psani ¢ldnku zhruba v polovin€. Prace probihaji prakticky
od pocatku v celé trase. Vyjimkou je pouze oblast rekonstrukce
a upravy stdvajici trati se zahdjenim az vylukou od kvétna 2021.
Podstatna ¢ést trasy nové vétve je vedena ve Ctyfech tunelovych
objektech SO 601, SO 602, SO 603 a SO 604.
trovni nastupisté ve stanici Nova Jihlavska. Schéma vedeni trasy
a rozdéleni tunelovych objekti je na obr. 1. Clanek dale seznamuje
Ctenare prave s tunelovymi objekty, a to hlavné z pohledu geotech-
nického monitoringu.

INZENYRSKOGEOLOGICKE POMERY

Spole¢nost GEOtest, a.s., jeden ze zhotovitel geotechnického
monitoringu, provedla jiZz v roce 2018 podrobny geotechnicky pri-
zkum pro uvazovany stavebni zamér. Z néj vyplynulo, Ze cela trasa
tunelu je vedena v prostfedi soudrznych zemin, kdy pfi povrchu se
nachdazi souvrstvi spraSovych hlin mocnosti 4-8 m. Jedna se o ze-
miny se stfedni plasticitou tfidy F6, tuhé aZ pevné konzistence. Ve
sprasovém souvrstvi i v jeho podlozi byly zastizeny az 2 m moc-
né vrstvy fosilnich ptd, které z hlediska sloZeni a geotechnickych
vlastnosti tvoii pfechod mezi spraSovymi hlinami v nadloZi a neo-
gennimi jily v podloZzi. Pfedkvartérni podklad je pak tvofen neogen-
nimi jily tfidy F8 s vysokou aZ velmi vysokou plasticitou, pfevazné
pevné konzistence. I pies podobné zrnitostni sloZeni a dal$i charak-
teristiky se jedna o dva miocénni typy, kdy jeden typ reprezentuje
stratigraficky stupenn Karpat a druhy typ stratigraficky stupen Ott-
nang. Lokalné se v téchto jilech vyskytuji cocky, laminy a proplast-
ky pisku. Na tyto vrstvy je vazan i vyskyt podzemni vody.

under construction branches from the existing line at Osova station
and heads north towards the area between Jihlavskd and Labska
Streets (Novd Jihlavskd station) planned for future development
and continues under Jihlavska Street to the area between the Brno —
Bohunice University Hospital, the Masaryk University Campus and
the Campus Square shopping centre, where Bohunice Hospital will
be the terminal station. This station will complement the existing
mass transit hub and strengthen the service for this busy area. The
basic scheme of the line and the division of the tunnel structures is
shown in Fig. 1.

The contracting authority and the owner of the project “Extension
of the tram line from Osova to the MU Campus in Bohunice” are
the Statutory City of Brno and the Brno Public Transport Company
Inc. The contract was awarded by means of public procurement
in accordance with the FIDIC YELLOW BOOK contractual
conditions (they regulate the relationships between the builder and
the construction contractor, the contractor processes and the design
and carries out the construction according to it). The subject of the
contractor’s work is therefore not only construction, but also design
and engineering activities (“design and build”). The tender design
package consisted of the design documents for issuance of zoning
and planning decision, supplemented by the requirements of the
builder.

The consortium named “Tram line Kampus — Firesta + Metrostav”
with the FIRESTA-Fiser, rekonstrukce, staby a.s. in the position of
the consortium leader and Metrostav a.s. as the partner, was awarded
the contract. The Company of the Construction Administrator
for TL. Kampus (INFRAM a. s. in the position of the company
administrator; Dopravoprojekt Brno a.s., INVIN s.r.o. and Brnénské
komunikace a.s. according to the FIDIC WHITE BOOK terms and
conditions, which regulate the relationship between the builder and
his consultant). The designer for the contractor in the Basic design,
Final Design and Detailed Design stages is METROPROJEKT
Praha a.s.

Geotechnical monitoring for the contractor is carried out
by consortium “TL Kampus GTM” formed by GEOtest, a.s.,
GEOSTAR spol. s 1. 0. and INSET s.r.o.

Preparatory work on the construction began at the end of 2019.
The construction permit was issued in the spring of 2020. With
the expected handing over for trial running at the end of 2022, the
construction is about halfway through at the time of writing the
paper. The work proceeds practically from the beginning along the
entire route. The only exception is the area of reconstruction and
modification of the existing track, starting in May by closing of the
line to traffic. A substantial part of the route of the new branch is led
through four tunnel structures SO 601, SO 602, SO 603 and SO 604.

The double-track tunnels are bidirectional, with the cross-section
width enlarged only for the intermediate platform in Nova Ji¢inska
station. The diagram of the route and division of tunnel structures is
shown in Fig. 1. The paper further informs readers with the tunnel
structures, mainly from the geotechnical monitoring point of view.

ENGINEERING GEOLOGICAL CONDITIONS

GEOftest, a. s., one of the contractors for geotechnical monitoring,
conducted detailed geotechnical investigation for the construction
intention in 2018. It followed from the investigation that the entire
tunnel route runs through the environment formed by cohesive
soils, where 4-8m thick series of loessial layers are found at the
surface. These soils are classified as F6, with medium plasticity and
stiff to hard consistency. Up to 2m thick layers of fossil loam were
encountered in the loessial series of layers and their basement. In
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Tab. 1 Prehled prvkii monitoringu pouZitych na jednotlivych stavebnich objektech
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vertikalni inklinometrie 1 vrt do hloubky 20 m
S0 601 | méfeni napéti v kotvach 5 dynamometrd
geodeticka méreni deformaci zaporového pazeni 5 bodU na hlavach kotev
B v e omergonce) 6 pofi, kazaj osazen 6 body
vertikalni inklinometrie 7 vrtll do hloubky 25 m sdruZené do dvojic po obou stranach stavebni jamy
vertikalni inklinometrie 6 vrtli do hloubky 25 m sdruzené do dvojic po obou strandch stavebni jamy
ggggg mérfeni napéti v kotvach 18 dynamometrl
geodeticka méreni deformaci zaporového pazeni 21 bodU na hlavéch kotev a pfirubach pazeni
vertikalni inklinometrie 1 vrt do hloubky 20 m
S0 205 |méreni napéti v kotvach 14 dynamometr
geodeticka méfeni deformaci zaporového pazeni 22 bodU na hlavach kotev

Table 1 Overview of the monitoring elements applied to individual tunnel structures

vertical inclinometry

1 borehole to 20m depth

measuring stress on anchors

5 dynamometers

S0 601
surveyor measuring of deformations of soldier beam and lag- ]
ging sheeting 5 points on anchor heads
<0 602 ;lé:]vceg/;)r measuring of tunnel lining deformations (conver- 6 profiles, each with 6 points
vertical inclinometry 7 boreholes to 25m depth, coupled to pairs on both sides of the construction pit
vertical inclinometry 6 boreholes to 25m depth, coupled to pairs on both sides of the construction pit
S0603 | measuring on anchors 18 dynamometers
S0604 i i :
surveyor measuring of deformations of soldier beam and lag- g .
ging sheeting 21 points on anchor heads and flanges of the sheeting
vertical inclinometry 1 borehole to 20m depth
SO 205 measuring stress on anchors 14 dynamometers

surveyor measuring of deformations of soldier beam and lag-
ging sheeting

GEOTECHNICKY MONITORING

Z nize uvedenych rozdilti v technologii vystavby jednotlivych
usekll tunelu vyplynul i ndvrh metod geotechnického monitorin-
gu, které tak byly pro kazdy dsek stanoveny individudlng. Tab. 1
podava prehled prvkli monitoringu pouzitych na jednotlivych sta-
vebnich objektech.

Vertikélni inklinometrie byla provddéna ve vrtech, aby byly
sledovany deformace horninového prostfedi v $irSim okoli tunelu
(také s pfihlédnutim k tomu, Ze podzemni stény byly provadény
z odkopu hl. cca 6 m, tj. inklinometry sledovaly reakci horninového
prostfedi na provadéni téchto odkopt).

Monitoring byl dale doplnén o:

» geologické sledovéni svaht stavebni jamy a Celeb;

e méfeni hladin podzemni vody v osmi pozorovacich vrtech,

véetné sledovani kvality podzemni vody;

» geodetickd a naklonomérna méteni objektd v blizkosti staveb-
ni jamy, u nichZ staticky vypocet stanovil jisté riziko ovlivné-
ni; celkem se jednalo o 17 nivela¢nich bodu, Ctyfi geodetické
body a dva nédklonoméry.

Dutvodem pro nasazeni tohoto rozsdhlého geotechnického moni-

toringu bylo situovani stavby v intravildnu mésta Brna.

SO 601 HLOUBENY TUNEL, KM 0,068-0,102

Budovana vétev tramvajové trati odbocCuje ze stavajici trati za
stanici Osova a zahy droviové kiizi komunikaci Okrouhld, kterd
bude nové vyuZivana jen pro slozky IZS. Bezprostfedné za ulici
Okrouhla je situovan vjezdovy portdl, tvoreny prvnim ramem hlou-
beného tunelu s objektem Cerpaci stanice a novymi opérnymi sté-

nami, které navaZou na stény stavajici.

22 points on anchor heads

terms of the composition and geotechnical properties, they form
transition between secondary loess in the overburden and underlying
Neogene clays. The Pre-Quaternary sub-base is formed by F8 class
Neogene clay with high to very high plasticity and mostly hard
consistency. Despite similar grain size and other characteristics, there
are two lithological types, one type of the Carpathian age and the
other of the Ottnang age. Lenses, laminas and intercalations of sand
are locally encountered in this clay. The occurrence of groundwater
is also bound to these layers.

GEOTECHNICAL MONITORING

The proposal for geotechnical monitoring methods followed from
the bellow-mentioned differences in the technique of construction
of individual sections of the tunnel. They were thus determined
individually for each section. The table 1 provides an overview of
the monitoring elements applied to individual tunnel structures.

Vertical inclinometry was carried out in boreholes to monitor
deformations of the rock environment in the wider surroundings
of the tunnel (also taking into account that diaphragm walls
were carried out from an about 6m deep slope cutting, thus the
inclinometers monitored also the reaction of the rock environment
to these cuttings).

Monitoring was further supplemented by:

* measuring of water table in eight observational boreholes,

including monitoring of groundwater quality;

* surveyor and tiltmeter measurements on structures in the vicinity
of the construction pit, where the structural analysis determined
certain risk of affection; in total there were 17 levelling points,
four surveying points and two inclinometers.
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Obr. 2 Jdama objektu SO 601 a betond? definitivniho dna prvniho dilatacniho celku SO 602; cerven 2021
Fig. 2 Pit for SO 601 structure and concreting the final bottom of the first expansion block of SO 602; June 2021

Objekt SO 601 je hloubeny tunel, provadény v oteviené stavebni
jame (obr. 2). Jama je na levé stran¢ zajisténa zaporovym pazenim
kotvenym ve dvou drovnich, vpravo je svahovand. Tunel zde tvori
tfi dilatacni celky uzavieného ramu s celoplosnou asfaltovou hyd-
roizolaci.

Neocekavanym jevem u objektu SO 601 bylo nedosaZeni pre-
depsanych zkuSebnich napéti na prvni trojici docasnych pra-
mencovych kotev. Po neuspéSném napinani byly ihned dvojici
pruzkumnych vrti dodate¢né ovéfeny geologické podminky v ob-
lasti kofene kotev. MoZnou odchylku ve skute¢nych geologickych
podminkéach proti pfedpokladiim pfitom indikovaly uz nékteré vrty
pri provadéni zapor. Podstatna zména geologickych podminek se
vSak nepotvrdila. Déle se postupovalo mirnou tpravou geometrie
kotveni, provedenim nahradnich kotev za nedopnuté kotvy a upra-
vou technologie injektdZe kofene kotev. Témito tpravami pak bylo
dosazeno pozadované tinosnosti kotveni.

Prace v prostoru této jamy zacaly jako posledni. Jama zatim neni
dokoncena. Pivodné uvazovany geotechnicky monitoring pomo-
ci pétice dynamometra a geodetickych bodi byl na zakladé vyse
uvedenych uprav o jeden dynamometr a jeden geodeticky bod na-
vysen.

SO 602 HLOUBENY TUNEL V PODZEMNICH STENACH,
KM 0,102-0,534

Z tvodniho useku SO 601 prevadi objekt SO 602 tramvaj ve str-
mém stoupdni az 6,5 % pod MikulaSkovym nadméstim a ulici Lab-
skou az do stanice Nova Jihlavska — objekt SO 603.

Tunel je v celém tomto dseku veden v podzemnich sténéch s tim-
to postupem vystavby:

1. docasny svahovany vykop — standardné do cca 4—6 m hloub-
ky, sklon 1:1, bez zajisténi nebo jen s ochranou zaplachto-
vanim pred srazkami. Ve stisnénych pomérech a zhorSenych
geotechnickych pomérech je svah zajistén stifikanym betonem
(SB) s hiebikovanim;

2. uprava povrchu a zbudovani vodicich zidek pro podzemni
stény;

The reason for the application
of this extensive geotechnical
monitoring was the location of the
construction in the urban area of the
city of Brno.

SO 601 CUT-AND-COVER
TUNNEL, CHAINAGE
KM 0.068-0.102

The tram line section under
construction branches off from the
existing line behind the Osova station
and soon crosses the Okrouhla road,
which will be newly used only for
IRS units. Immediately behind
Okrouhla Street, there is an entrance
portal, consisting of the first frame of
the cut-and-cover tunnel with a gas
station building and new retaining
walls, which will connect to the
existing walls.

Structure SO 601 is a cut-and-cover
tunnel constructed in an open pit (see
Fig. 2). The pit is stabilised on the
left side by soldier beam and lagging
sheeting anchored in two tiers; on the right side it is sloped. The
tunnel here consists of three expansion blocks of the closed frame
with asphalt waterproofing on the whole external surface.

An unexpected phenomenon at the SO 601 structure was the failure
to achieve the prescribed test tension on the first three temporary

+

stranded anchors. Immediately after the unsuccessful pre-tensioning,
the geological conditions in the area of the anchor roots were
additionally verified by a pair of exploratory boreholes. A possible
deviation in the actual geological conditions against the assumptions
had already been indicated by some boreholes during the work on
the soldier beams. However, no significant change in geological
conditions had been confirmed. The work proceeded further with
a slight adjustment of the anchoring geometry, installation of
replacement anchors for the insufficiently pre-tensioned anchors
and the adjustment of the anchor root injection technique. By these
modifications, the prescribed bearing capacity of the anchoring was
achieved.

The work in the space of this pit began as the last operation. For the
time being, the pit has not been finished. The originally considered
geotechnical monitoring using five dynamometers and survey points
was extended by adding one dynamometer and one survey point on
the basis of the above-mentioned modifications.

SO 602 CUT-AND-COVER TUNNEL BETWEEN
DIAPHRAGM WALLS, CHAINAGE KM 0.102-0.534

From the initial section SO 601, the structure SO 602 transfers the
tram line on a steep incline up to 6.5% under MikulaSkovo Namésti
Square and Labska Street to the Nova Jihlavska station — structure
SO 603.

The tunnel is led throughout its length between diaphragm walls
with the following construction procedure:

1. temporary sloped excavation — up to the depth of 4-6m, slope
1:1, without stabilisation or only with protection against rain
by paulins. In restricted conditions and worsened geotechnical
conditions , the slope is stabilised by shotcrete with nailing;

2. surface treatment and construction of guide-walls for

construction of diaphragm walls;
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3. podzemni stény tl. 600 mm, v oblasti malého poloméru pod
panelovym domem MikuldSkovo ndmésti 10 zesilené na
800 mm, vetknuti st€n 4700 mm pod dno tunelu;

4. horni pficel (strop tunelu) tl. 800 mm;

5. té€zba pod zastropenim a uzaviranim dna tl. 600 mm, v maxi-
malnim ¢asovém odstupu predepsaném na 17 dni od plného
odtéZeni profilu;

6. vnéjsi asfaltova izolace styku stény a stropu a celého zastro-
peni;

7. presypani tunelu; pro urychleni postupu praci je lze alterna-
tivné provadét uz pred rozepfenim dna.

Schéma konstrukce hloubeného tunelu je zndzornéno na obr. 3.

Pro omezeni deformaci v oblasti jizniho portalu, v jehoZ bliz-
kosti se nachdzi vyskovy panelovy dim, byla konstrukce podzem-
nich stén v tomto tseku doplnéna o tfi ztuzujici pricna ,,Zebra“.
Vyskové byla tato Zebra, plnici vlastné funkci rozpér podzemnich
stén, umisténa t&sné pod budouci dno tunelu. Zebra piisobila pro-
ti svirdni podzemnich stén béhem vlastni razby pod zastropenim.
Zebra byla zhotovena z prostého betonu na plnou §ifi tunelu. Po-
dle dosavadnich méfeni se i diky tomuto opatfeni minimalizovaly
deformace nejblizs§iho rohu panelového domu na hodnoty sedani
okolo 1,5 mm.

Z geotechnického hlediska stavbu zatim nejvic komplikuje re-
lativné nejméné ndrocna Cast — doCasné vykopy. Vyrazné destivy
konec roku 2020 v prostiedi sprasi a jilt pfinesl opakované lokalni
deformace svaht a nasledn€ vynucené tpravy svahovani pro zajis-
téni dostate¢ného pracovniho prostoru a bezpecnosti na paté svaht
pro navazujici prace v oblasti napojeni stén a stropd. Stabilita byla
narusena predevsim po odtéZeni vnéjSich vodicich zidek podzem-
nich stén.

V dobé psani ¢lanku je dokoncovana posledni horni pricel, odté-
Zena je cca tfetina tunelu a rozpird se dno pod panelovym domem.
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3. 600mm thick diaphragm walls, with the thickness increased to
800mm in the area of the small radius under a panel building
(MikulaSovo Nameésti Square No. 10); keying the walls 470mm
under tunnel bottom;

4. upper bracing (tunnel roof deck) 800mm thick;

5. excavation under the roof deck and 600mm thick closing
bottom slab, at the maximum time lag prescribed for 17 days
from the complete cross-section excavation;

6. external asphalt waterproofing of the contact between the
diaphragm wall and roof deck and the whole roof deck;

7. covering the tunnel with earth; it can be carried out alternatively
already before bracing the bottom to accelerate the work.

A diagram of the cut-and-cover tunnel structure is presented in

Fig. 3.

To reduce deformations in the area of the southern portal, in the
vicinity of which there is a high-rise panel building, three transverse
reinforcing “ribs” were added to the construction of the diaphragm
walls in this section. In terms of the height, these ribs, which actually
serve as the braces of the diaphragm walls, were placed just below
the future bottom of the tunnel. The ribs acted against constriction
of the diaphragm walls during the actual excavation under the roof
deck. The ribs were made of plain concrete for the full width of the
tunnel. According to previous measurements, thanks to this measure,
the settlement values of deformations of the nearest corner of the
panel building were minimised to about 1.5mm.

From the geotechnical point of view, the construction is most
complicated by the relatively smallest demanding part — temporary
trenches. The significantly rainy end of year 2020 in the environment
formed by loess and clay caused repeatedly local deformations of the
slopes and subsequently enforced adjustments of the slope to ensure
working space and safety at the base of the slopes sufficient for the
follow-up work in the area of connection of the walls and roof decks.
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Obr. 3 Schéma konstrukce hloubeného tunelu v podzemnich sténdch
Fig. 3 Chart of the construction of a cover-and-cut tunnel between diaphragm walls
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Presypdvana je komunikace Labska, ktera byla do¢asné¢ mimo pro-
voz. Po jejim opétovném zprovoznéni bude naopak odstavena ul.
Okrouhld u vjezdového portalu.

Geotechnicky monitoring tohoto objektu sestavd z vertikalnich
inklinometri a konvergen¢nich bodi sdruzenych do Sesti profild.
Konvergen¢ni body lze na vnitini lic tunelového osténi osadit az
po odtéZeni zeminy zevniti profilu, tedy az v okamZiku, kdy jiz
probéhla ¢ast deformaci zptisobenych predchozi stavebni ¢innosti
— kromé samotného odtéZovani zeminy z profilu to byly i predvy-
kopy do drovné stropu, nebo hloubeni a betondz podzemnich stén.
Prakticky jedinym prvkem, ktery tak sleduje déni v daném profilu
po celou dobu vystavby, jsou vertikalni inklinometry, které se na-
chazeji t€sné za hranou predvykopu.

V tseku SO 602 je ve trech profilech geotechnického monito-
ringu (GTM 2, stan. 0,160 km, GTM 4, stan. 0,320 km, a GTM 5,
stan. 0,400 km) vybudovéano celkem Sest inklinometrti hlubokych
25 m (tfi protilehlé pary). Na zdklad¢ srovnani velikosti kumulativ-
nich deformaci Ize konstatovat:

e 7zjisténé deformace jsou vesmés vyznamné vétSi na zdpadni

stran€ (ve srovnani s jejich vychodnimi protéjsky) — max. az
25 mm oproti 15 mm, tento rozdil je dle autorti dan predevsim
tim, Ze osa dila neni zcela totoZnd se spadnici svahu, ve kterém
je tunel realizovén (tzn., Ze zatiZzeni konstrukce je jiné z vycho-
du a ze zapadu);

e ve spodni ¢asti useku (na zaCatku stoupani) jsou deformace
vyrazné mensi (do 8 mm) neZ v horni ¢asti dseku (az 25 mm,
resp. 15 mm, tento rozdil je dle autorti dan odlisnostmi v in-
Zenyrskogeologickych podminkédch v obou Castech trasy a ne-
homogenitou pivodni napjatosti horninového prostredi, dale
muZe mit pozitivni vliv i klenbovy efekt pfi malém poloméru
tunelu v této oblasti a rozepteni lamel podzemnich stén pric-
nymi Zebry pod trovni dna tunelu). Kromé pribézného mir-
ného nérdstu velikosti deformaci (uvolnény prostor vykopu)
byly pozorovany vyrazné skokové nartsty velikosti deformace
v souvislosti s hloubenim a betondzi lamel podzemnich stén,
dalsi mirné skokové narasty pak byly pozorovany v souvislosti
s odtéZenim horni, resp. spodni lavky uvnitf tunelu.

Jako ptiklad je uveden inklinometr INK 4A (zépadni strana, ve
stfedni ¢4sti useku, obr. 4, 5). Oproti obvyklému vzorci vyvoje de-
formaci je u tohoto vrtu tvar deformacni kfivky vyznamné ovlivnén
/ determinovéan svahovymi pohyby v priibéhu Cervence 2020, kdy
doslo ke vzniku smykové plochy, kterd podstatné ovlivnila i cha-
rakter dalSiho vyvoje.

Na obr. 3 je patrné, Ze v pribéhu Cervence doslo k propagaci
smykové plochy na hloubkové trovni —6 m (zhruba koresponduje
se dnem vykopu) a nardstu deformace az na 5,5 mm. K dalSimu
skokovému nértstu doslo v pribéhu srpna (hloubeni a betonaz la-
mely L33 podzemni stény) — narst deformace az na celkem témért
14 mm. V dal§im obdobi dochazelo k postupnému uklidfiovéni, na
obrazku je patrné, Ze aktudlné dochézi jiz jen k minimalnim mé-
si¢nim pfirastkim deformace (do 1 mm). Postupné ustalovani je
patrné na grafu ¢asového vyvoje deformace na vybranych hloub-
kovych trovnich.

V tésné blizkosti stavebni jamy ve spodni Casti trasy se nacha-
zi bytovy komplex Mikuld§kovo namésti 10 az 20 (obr. 6, 7), na
némz, vzhledem k obavdm z mozného ovlivnéni stavbou, byl osa-
zen systém monitorovacich prvkl sestavajici z nivelacnich boda,
naklonomérti a 3D geodetickych bodl. Nutno konstatovat, Ze do-
savadni poznatky z vysledki méfeni na tomto objektu ukazuji na
miniméalni ovlivnéni stavbou, a to z divodu vhodné navrZeného
projek¢niho feseni v kombinaci s dodrzenim technologie vystav-
by. S uzavienim profilu tunelové trouby vybetonovanim desky dna

The stability was disturbed especially after the excavation for the
outer guide-walls for the diaphragm walls.

At the time of writing this paper, the last upper bracing rung is
being finished, excavation of about a third of the tunnel has been
finished and the bottom under the panel building is being braced.
Some sections of the tunnel have already been gradually covered
with ground, for example in the area of Labské road, which was
temporarily out of service. On the other hand, after it is again
brought into service, Okrouhld Street at the entrance portal will be
removed from service.

Geotechnical monitoring of this structure comprises vertical
inclinometers and convergence points grouped into six profiles.
Convergence points can be installed on the inner face of the tunnel
lining only after excavation of ground from the inside of the profile,
i.e. only when part of deformations caused by previous construction
activities have already taken place — in addition to excavation of
ground from the profile, it meant also the pre-excavation down to
the level of the roof deck or trenching for the diaphragm walls and
concreting them. The vertical inclinometers installed just behind
the edge of the pre-excavated pit are virtually the only element that
monitors the events in the given profile throughout the construction.

In the section SO 602, a total of six 25m deep inclinometers have
been carried out (3 opposite pairs) in three geotechnical monitoring
profiles (GTM 2, chainage 0.160km, GTM 4, chainage 0.320km,
and GTM 5, chainage 0.400km). Based on the comparison of the
magnitude of cumulative deformations, it can be stated:

 the detected deformations are generally significantly larger
on the western side (compared to their eastern opposite
inclinometers) — max. up to 25mm compared to 15mm, this
difference is according to the authors mainly because the axis of
the tunnel axis is not completely identical to the line of the slope
in which the tunnel is being constructed (i.e. the load acting on
the structure is different from the east and west);

* in the lower part of the section (at the beginning of the uphill
incline) the deformations are significantly smaller (up to 8mm)
than in the upper part of the section (up to 2mm respectively
15mm, according to the authors this difference is due to
differences in engineering geological conditions in both parts
of the route and inhomogeneity of original state of stress of the
rock environment; the bracing of the diaphragm wall lamellae
by transverse ribs below the bottom of the tunnel as well as the
arching effect due to the small radius of the tunnel in this area
can also have a positive effect. In addition to the continuous
slight increase in the magnitude of deformations (the emptied
space of the excavation), significant step increases in the
magnitude of deformation were observed in connection with
excavation for underground wall lamellae and concreting them;
other slight step increases were then observed in connection
with the extraction of ground from the upper, respectively lower
part of the bench inside the tunnel.

An example is the INK 4A inclinometer (western side, in the

middle part of the section, see Figures 4, 5).

In contrast to the usual pattern of development of deformations,
the shape of the deformation curve in this borehole is significantly
influenced / determined by slope movements during July 2020, when
a slipping plane originated which significantly affected the character
of further development.

Fig. 3 shows that during July the slipping plane propagated at a
depth level of -6 m (roughly corresponding to the day of excavation)
and the deformation increased up to 5.5mm. Another step increase
occurred during August (excavation and concreting of the lamella
L33 of the diaphragm wall) — an increase in deformation up to a total
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INK 4A: narust velikosti deformace na jednotlivych hloubkovych trovnich: cervenec - zafi +
duben (obdobi 26/06 - 30/09/20 + duben 21, celkem 15+3 méfeni)
INK 4A: increase in magnitude of deformation at individual depth levels: July - September +
April (period 26/06 — 30/09/20 + April 21; 15+3 measurements in total)

of almost 14mm. In the next period
there was a gradual stabilisation of
deformation; the picture shows that

velikost deformace [mm] deformation magnitude [mm]
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hloubka [mm] depth [mm]

currently there are only minimal
monthly increments of deformation
(up to Imm). Another jump increase
occurred during August (excavation
and concreting of the lamella L33 of

22 24 26

'ﬁﬁ;,vggec 2 the underground wall) — an increase
in deformation up to a total of almost
.:L%ﬂ;tz'go 14mm. In the next period there was
a gradual stabilisation, the picture

= Z4f{ '20
september 20 shows that currently there are only
. minimal monthly increments to
'2;2?-’;12‘ deformation (up to 1 mm). Gradual

stabilisation is evident on the graph
of the development of deformation
with time at selected depth
levels.

Obr. 4 Ndriist deformaci na inklinometru INK4A v jednotlivych ¢asovych iisecich
Fig. 4 Increase in deformations on INK4A inclinometer in individual sections of time

In the immediate vicinity of the
construction pit in the lower part
of the route, there is a residential
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velikost kumulované deformace [mm]
magnitude of accumulated deformation [mm]

datum date

INK 4A: ¢asovy vyvoj velikosti kumulované deformace na vybranych trovnich
INK 4A: development of acccumulated deformation at selected levels with time

complex  Mikulaskovo  Namésti
Square 10 to 20 (see Figures 6, 7), on
which, due to concerns about possible
effect of the construction, a system
of monitoring elements consisting
of levelling points, inclinometers
and 3D survey points was installed.
It must be stated that the existing
knowledge from the results of
measurements on this  building
shows a minimal impact of the
construction, due to the appropriately
proposed  design  solution  in
combination with compliance with
construction procedures. With the
closing of the tunnel tube profile
by concreting the bottom slab
in the near future, the need for

Obr. 5 Casovy vyvoj deformace na inklinometru INK4A ve vybranych tirovnich

Fig. 5 Development of deformations with time on inclinometer INK4A at selected levels

v nejbliz§i dobé tak nutnost permanentniho geotechnického moni-
toringu téchto objektli patrné pomine.

SO 603 ZASTAVKA NOVA JIHLAVSKA, KM 0,534-0,608

Do zastavky Nova Jihlavska (obr. 8) usti tunel SO 602, ktery se
pred zastavkou rozsituje tak, aby vznikl prostor na ostrovni nastu-
pisté. Za zastavkou se obdobné zuzuje tunel SO 604.

Vlastni zastavka byla navrZena jako hloubend podzemni stani-
ce, kterou tvori Zelezobetonové stény rozepfené dnem a v drovni
upraveného terénu vodorovnymi tramci. Stanice bude zastfeSena
nezévisle zalozenou ocelovou konstrukei s prosklenim.

Stavba stanice probihda v oteviené stavebni jamé. DocCasné za-
jisténi jamy bylo oproti pivodnimu navrhu kotvené pilotové stény
zménéno na zajisténi kotvenymi zaporovymi st€énami na levé strané
a svahovanim na pravé strané. Obdobné jako v pfipadé SO 602 pri-
nesla i zde svahovana ¢ast dil¢i komplikace. Svahovani muselo byt
postupné v celém rozsahu upraveno az na sklon 1:2 s lavici, v ¢asti
svahu i s mikropilotami a paZenim paty.

permanent geotechnical monitoring
of these buildings will probably
disappear.

SO 603 NOVA JIHLAVSKA STOP, CHAINAGE
KM 0.534-0.608

The SO 602 tunnel opens into the Nové Jihlavska stop (see Fig.
8). The cross-section width increases before the stop so that space is
created for the intermediate platform. Beyond the stop, the width of
the SO 604 tunnel similarly decreases.

The stop itself was designed as a cut-and-cover underground
station made up from reinforced concrete walls braced by the bottom
slab and horizontal beams at the finished terrain level. The station
will be roofed by an independently founded glazed steel structure.

The station is being constructed in an open construction pit.
Compared to the original design of the anchored pile wall, the
temporary stabilisation of the pit was changed to stabilisation by
anchored soldier beam and lagging walls on the left side and sloping
on the right side. As in the case of SO 602, the sloping part also
brought partial complications. The slope had to be gradually modified
within the whole range to a 1: 2 gradient slope with a bench, in a part
of the slope also with micropiles and sheeting at the bottom.



Obr. 6 Provddeéni podzemnich stén v oblasti MikuldSkova ndmésti, SO 602; zdri 2020
Fig. 6 Construction of diaphragm walls in the area of MikuldSovo Namésti Square, SO 602; September 2020

SO 604 HLOUBENY TUNEL - PODJEZD ULICE JIHLAVSKA SO 604 CUT-AND-COVER TUNNEL - UNDERPASS UNDER

KM 0,608-0,687

JIHLAVSKA STREET, CHAINAGE KM 0.608-0.687

Podobné jako tunel SO 601 je objekt SO 604 zhotoven jako uza- Like the SO 601 tunnel, the SO 604 structure is carried out as a
vieny ram v oteviené jamé. Jama je zaporovd, kotvenda ve dvou | closed frame in an open pit. The pit is stabilised by soldier beam and
urovnich. Doprava po komunikaci Jihlavskd vcetné trolejbusové lagging walls and is anchored at two levels. Traffic on the Jihlavska
linky byla v obou smérech ptfevedena pies provizorni premosté- road, including the trolleybus line, was transferred in both directions

ni vynesené na pilotach ukoncenych
pod patou zapor (obr. 9).

Z hlediska stavebniho i z hledis-
ka geomonitoringu probiha tato st
stavby zatim bez vétSich probléma.
V oblasti pod komunikacemi jsou jiz
aktudlné demontovany paziny, deak-
tivovano kotveni a provadi se vypli
zbylého meziprostoru a7z po strop
tunelu betonem C8/10. Mimo oblast
kiiZzeni komunikaci budou pro zpét-
né z4asypy vyuZity mistni (zlepSené)
zeminy.

Vzhledem k podobné technologii
vystavby obou objekti SO 603 a SO
604 byl i systém monitoringu po-
dobny. V celkem Sesti profilech byly
osazeny geodetické body na hlavach
kotev (resp. na piirubach nosnikl
pfevazek a paZeni), dynamometry
pro méreni napéti v kotvach a verti-
kélni inklinometry. V oblasti komu-
nikace Jihlavskd, v blizkosti provi-
zorniho pfemosténi, byl monitoring

Obr. 7 Armovdni tieti dilatace definitivniho stropu SO 602 na podzemnich sténdch pod panelovym domem Miku-
ldskovo ndmésti 10; ddle navazuje SO 601 na stdvajici trat; leden 2021

Fig. 7 Placement of reinforcement of the third expansion block of the final roof deck SO 602 on diaphragm walls
under panel building in Mikuldskovo Namésti Square 10; further the SO 601 connects to existing track; January 2021




Obr. 8 Pohled od vytahové Sachty do stanice Novd Jihlavskd; pFiprava na zimni betondz pohledovych betonii stén
stanice; leden 2021

Fig. 8 A view from the lift shaft to Novd Jihlavskd station; preparation for winter casting of architectural concrete
walls of the station; January 2021
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across a temporary bridge laid out on
piles terminated under the toes of the
soldier beams (see Fig. 9).

From the construction point of
view and from the point of view
of geomonitoring, this part of the
construction has been proceeding
without more significant problems.
In the area under the roads, the
lagging has already been dismantled,
the anchoring has been deactivated
and the remaining space up to the
tunnel roof deck level is being
filled with C8/10 concrete. Outside
the area of road crossings, local
(improved) soils will be used for
backfilling.

With respect to the similar
construction technique of both
SO 603 and SO 604 structures,
the monitoring system was also
similar. In a total of six profiles,
survey points were installed on the
heads of the anchors (or on flanges
of the steel walers and the soldier
beams) as well as dynamometers for

operativné doplnén o nékolik dal§ich geodetickych bodl a dyna- measuring the tension in anchors and vertical inclinometers. In the
mometru. area of Jihlavska road, near the temporary bridge, monitoring was
V tseku SO 603 a SO 604 je ve tfech profilech geotechnické- operatively supplemented by several additional survey points and

ho monitoringu (GTM 7, stan. 0,540 km, GTM 9, stan. 0,600 km, dynamometers.

a GTM 11, stan. 0,640 km) vybudovéano rovnéz celkem Sest inkli- In the SO 603 and SO 604 section, a total of six inclinometers,
nometrd hlubokych vesmés 25 m, tj. tfi protilehlé pary. Vzhledem | generally 25m deep, forming three opposite pairs, are also installed

i *H' 'ﬂ‘k :!! = agh

Obr. 9 Pohled na betond? jedné ze stén tunelu SO 604 a provizorni premosténi ul. Jihlavské; vpravo presvahovany vykop nad SO 603; iinor 2021
Fig. 9 A view of concreting one of SO 604 tunnel walls and temporary bridging of Jihlavskd Street; re-sloped excavation above SO 603 on the right; February 2021
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INK 7A: nérist velikosti def dnotlivich hloubkowlch rovnich in three geotechnical monitoring
: narust velikosti deformace na jednotlivyc oubkovych urovnich: .
&ervenec - zafi + duben (obdobi26/0?-3f0/09/20 + duben 21, celkem 15+3 méFeni) profiles (GTM 7, chainage 0.540km,
INK 7A: increase in magnitude of deformation at individual depth levels: :
July — September + April (period 26/06 — 30/09/20 + April 21; 15+3 measurements in total) GTM 9, chafnage 0.600km, and
) ) ) GTM 11 chainage 0.640km). Due
velikost deformace [mm] deformation magnitude [mm] ep
0 2 4 6 8 10 12 14 16 18 20 29 to the different method of con-
] B B R v ot = TITHTTT ":|. Wi struction (this structure is being
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4 = gervenec '20 - . .
iuly 20 step deformations as in the case of
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= om - april 21 western side (compared to their
-1g e LE eastern counterparts) — max. up to
20 22mm compared to 6mm,
****************************** - * in the upper part of the section on
Obr. 10 Ndrust deformaci na inklinometru INK7A v jednotlivych ¢asovych tsecich the western side (INK 11A) the
Fig. 10 Increase in deformations on inclinometer INK7A in individual sections of time deformations in the upper part of
the inclinometer are significantly
INK 7A: ¢asovy vyvoj velikosti kumulované deformace na trovni -3 m .
INK 7A: development of accumulated deformation at levels -3m with time smaller (up to 12mm) Fhan in the
18 lower part of the section (up to
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datum date from Figures 10 and 11 that after a

Obr. 11 Casovy vyvoj deformace na inklinometru INK7A ve vybranych iirovnich

Fig. 11 Development of deformations with time on inclinometer INK7A at selected levels

k odliSnému zplisobu vystavby (tento objekt je budovéan techno-
logii kotvenych zdporovych stén) nedochézelo ke vzniku skoko-
vych deformaci jako v pfipad€ hloubeni lamel podzemnich stén
u SO 602. Na zdkladé srovnani velikosti kumulativnich deformaci
1ze konstatovat:

* zjisSténé deformace jsou opét vesmés vyznamné veétsi na zapad-
ni strané (ve srovnani s jejich vychodnimi protéjsky) — max. az
22 mm oproti 6 mm;

e v horni ¢asti tseku na zapadni strané (INK 11A) jsou deforma-
ce v horni ¢asti inklinometru vyrazné mensi (do 12 mm) neZ
ve spodni ¢asti iseku (az 22 mm) — coZ pravdépodobné souvisi
s postupné nabytymi zkuSenostmi pfi kotveni zdporovych stén;

e z diivodu vzniku sesuvu na zdpadni strané stfedni ¢asti useku
zaCatkem listopadu 2020 doslo k odtéZeni ¢asti svahu a zkra-
ceni inklinometrtt INK 7B a INK 9B.

Jako priklad vystupu méfeni je uveden inklinometr INK 7A (za-

padni strana, ve stfedni ¢asti iseku). Z obr. 10 a 11 je zfejmé, Ze po
postupném pozvolném naristu deformaci podél celého vrtu doslo

gradual slow increase in deformations
along the entire borehole, there was a
jump increase of deformation in the
period 27 / 8-10/9, especially in the depth interval of the surface up
to —5m; this increase is probably related to changes in the anchors
and the soldier beam and lagging wall. Subsequently, a slight gradual
increase in deformation again takes place, currently only minimal
monthly increments in deformation (up to 1mm) occur.

The originally set system for assessing warning states on the
basis of total deformations was changed during the monitoring to
assessing deformations transverse towards the construction pit, as
this component of deformation is decisive from the point of view of
geotechnical risk.

SO 205 RETAINING WALLS ALONG TRAM LINE
AT THE LENGTH OF 106M, RESPECTIVELY 110M

The retaining walls are designed as anchored cantilever pile walls.
They are ended at the top by a concrete capping beam, with a parapet
sill with handrails mounted on it. The load-bearing structures have
already been finished and also ground has already been removed
down to the formation level.




TuNel

v obdobi 27/8-10/9 ke skokovému
nartstu deformace zejména v hloub-
kovém intervalu povrch a7z -5 m;
tento nartst pravdépodobné souvisi
s manipulaci s kotvami a zaporo-
vou sténou. Nasledné opét dochazi
k mirmému pozvolnému nartstu de-
formaci, aktudlné jiZ jen k minimal-
nim mési¢nim pfirdstkim deformace
(do 1 mm).

Pivodné nastaveny systém hod-
noceni varovnych stavi z celkovych
deformaci byl v pribéhu sledovani
zménén na deformace pficné smé-
rem do stavebni jamy, nebof tato
slozka deformace je z hlediska geo-
technického rizika rozhodujici.

SO 205 OPERNE ZDI PODEL TT
V DELCE 106, RESP. 110 M

Opémé zdi jsou feSeny jako
vetknuté pilotové stény s kotvenim.
Ukonceny jsou v hlavé betonovym
prahem, na kterém je osazena pa-
rapetni fimsa se zdbradlim. Nosné
konstrukce jsou jiZ hotové a rovnéZ zemina je jiZ odtéZena aZ na
zemni plan.

Geotechnicky monitoring tohoto tseku byl navrzen v celkem péti
profilech metodami vertikalni inklinometrie, méfeni napéti v kot-
véch a geodetickymi body pro méfeni deformaci. Dosavadni poznat-
ky ukazuji na velmi dobrou shodu s predikovanymi hodnotami, kdy
deformace i zmény napéti v kotvéach jsou hluboko pod kritérii varov-
nych stavid. Vzhledem k tomu, Ze nosné konstrukce i zemni prace
jsou jiz hotové, je na tomto objektu omezen monitoring na sledovani
vybranych prvkl v reZimu odpovidajicimu spisSe provoznimu moni-
toringu. Pohled z SO 604 do jamy SO 205 je na obr. 12.

ZAVER

Stavba tramvajového tunelu do Kampusu Masarykovy univerzity
probiha ve slozitych geotechnickych podminkach intravilanu Brna.
Nicméné diky dobré spolupraci vSech tiCastnikii vystavby se vSech-
ny geotechnické problémy dafi zvladat, a to i diky provadénému
geotechnickému monitoringu.

Dosud ziskané poznatky z vystavby jsou cenné nejen z hlediska
provadéni tohoto tunelu (stavba jesté neni hotova), ale i vzhledem

k dal§im pripravovanym tunelovym projektiim s razbou pod zastro-
penim v prostfedi méstské zastavby.

Ing. MAREK POLAK, polak@geotest.cz,
RNDr. OTAKAR PAZDIREK, pazdirek@geotest.cz, GEOtest,
Ing. ONDRE] HORT, o.hort@seznam.cz

(v tymu sprdvce stavby za Dopravoprojekt Brno a.s.)
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Obr. 12 Pohled z tunelu SO 604 do jamy SO 205
Fig. 12 A view from tunnel SO 604 to the SO 205 pit

Geotechnical monitoring of this section was designed in a total of
five profiles, using methods of vertical inclinometry, measurement of
tension in anchors and survey points for measuring deformations. The
current knowledge shows a very good agreement with the predicted
values, when deformations and tension changes in the anchors are
well below the criteria for warning states. Due to the fact that the load-
bearing structures and earthworks have already been finished, the
monitoring on this structure is limited to the monitoring of selected
elements in a mode corresponding more to operational monitoring. A
view from the SO 604 down the SO 205 pit is in Fig. 12.

CONCLUSION

The construction of the tram tunnel to the Masaryk University
Campus is proceeding in the complex geotechnical conditions of the
urban area of Brno. Nevertheless, thanks to the good cooperation of
all participants in the construction, all geotechnical problems have
been coped with, even thanks to the geotechnical monitoring.

The knowledge gained from the construction so far is valuable
not only in terms of the construction of this tunnel (it has not been
completed yet), but also in view of other planned tunnel construction
projects with excavation under the roof deck in the urban environ-
ment.

Ing. MAREK POLAK, polak@geotest.cz,

RNDr. OTAKAR PAZDIREK, pazdirek@geotest.cz, GEOtest,
Ing. ONDRE] HORT, o.hort@seznam.cz

(in the construction administrator team on behalf

of Dopravoprojekt Brno a.s.)
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RAZBA PRUZKUMNE STOLY BUDOUCIHO METRA D - USEK OL1
EXCAVATION OF EXPLORATORY GALLERY FOR SECTION OL1
OF FUTURE METRO D LINE

IVO GAJA, VLADIMIR TABORSKY

ABSTRAKT

Spolecnost STRABAG zahdjila svou cinnost v oblasti podzemnich staveb na ceském trhu geologickym priizkumem. Jednd se o priizkumné
dilo pro budouci linku D a jeji prvni &dst I.D Pankrdc — Depo Pisnice v misté budoucti stanice Olbrachtova (obr. 1). Ukolem priizkumnych
praci je ovéreni geologickych podminek, prehodnoceni nebo potvrzeni navrhovaného projektového reseni. Nedilnou soucdsti projektu jsou
i pritzkumné jdadrové vrty realizované véjitovité z cela priizkumné Stoly. Na zdkladé ziskanych vysledkii se ovéruje projektové a technické
TeSeni prechodové Cdsti budouci stanice Olbrachtova a pripravovaného pokracujiciho tiseku trasy D smérem k nddraZi Kr¢. Velkou vyzvou
pri realizaci dila bylo iispésné se vyporddat s velmi stisnénym prostorem pro zarizeni staveniste, komplikovanym ndjezdem a vyjezdem
v tésné blizkosti zastdavky MHD RySdnka a omezenym profilem pristupové Sachty v priiméru 6 m. V soucasné dobé je priizkumné dilo hotové
a provddi se prdce po dokonceni dila. Jednd se o kontrolni méreni konvergenci v podzemi a nivelacni méreni na povrchu, Cerpdni podzem-
nich vod, denni kontrolu priizkumného dila a vidrZbu objektit zarizeni stavenisté.

ABSTRACT

The company of STRABAG started its activity in the field of underground construction on the Czech market by geological survey. In
this case it is an exploratory working for the future metro Line D and its first part, I.D, from Pankrdc to Depot Pisnice, in the location of
the future Olbrachtova station (see Fig. 1). The goal of the survey operations is to verify geological conditions and re-evaluate or confirm
the proposed design solution. Fans of exploratory core boreholes drilled from the face of the exploration gallery excavation are also an
integral part of the design. Based on the obtained results, the design and technical solution to the transition part of the future Olbrachtova
station and the following section of route D towards the NddraZi Kr¢ station under preparation is being verified. A big challenge in the
implementation of the work was to successfully deal with the very restricted space for the construction site arrangement, the complicated
entry and exit in the immediate vicinity of the RySdnka mass transit stop and the limited 6m-diameter of the access shaft. At present, the
exploratory working is finished and the work on it is being completed. It includes check measurements of convergences in the underground
and levelling measurements on the surface, pumping of groundwater, daily inspections of the exploratory working and maintenance of
construction site facilities.

uvoD INTRODUCTION

RaZené tunely na stavbé trasy I.D metra v Praze, provozni tsek
Namésti Miru — Depo Pisnice, predstavuji v oblasti stanic Pankrac D
a Olbrachtova velmi nirocny stavebni projekt. A to jak vzhledem
k nérocnosti konstrukce samé (jednolodni raZena stanice Pankrac,
dvoukolejné tratové tunely a také slozité prostorové uspotradani sou-
visejicich objektl — pfestupni tunely, tubusy stavajici trasy metra C,
stavajici nadzemni zastavba), tak i s ohledem na velmi slozité geo-
logické poméry. Investor predpokladal, Ze na tento priizkum plynule
navaze realizace metra I.D. Pokud nebude realizace I.D navazovat,

Obr. 1 Svéceni svatych Barborek
Fig. 1 Consecration of St. Barbara cherry twigs

The mined tunnels on the construction site of the .D metro line in
Prague, operating section Namésti Miru — Depot Pisnice, represent
a very demanding civil engineering project in the area of Pankrdac D

and Olbrachtova stations, both due to the complexity of the
structure itself (the mined single-vault station Pankrac, double-track
running tunnels and also the complex spatial arrangement of related
structures — passenger transfer tunnels, tubes of the existing metro
Line C and the existing above-ground buildings), even with regard to
very complicated geological conditions. The project owner assumed
that this survey would be fluently followed by the construction work
on the Line I.D. If the work on the 1.D Line does not follow, it will be
necessary to maintain the survey structures for a long time and, after a
possible decision of the project owner, to remove them. The first part
of the design lay in the construction of the shaft and its excavation
support using secant pile walls and the excavation of the shaft
itself. The second part of the design being implemented concerned
the excavation of the exploration gallery required for ensuring the
geological exploration, with subsequent drilling for cored holes. The
geometry of the profiles and the excavation support was chosen so
that they can be used in the future as an access for implementation
of remediation measures under the building on the corner of Antala
StaSka and Na Strzi Streets, which is referred to as the Rozhledna
Residence (see Fig. 2, 3). The primary task of this work was (apart
from the geological survey itself) to verify the stress-strain state of
the rock directly under the piles supporting the Rozhledna Residence
building and under the foundations of other buildings.
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Obr. 2 Situace stavby
Fig. 2 Construction layout

ol from a depth of 5.2m to a final
=2 level of 30.5m under the surface
_ 8o (see Fig. 4).
. . o - From a depth of approximately
: . / 8.0-8.5m, slightly weathered shale,
shait OL1 : : clayey-silty, dark brown--gray and
[ ‘ i : gray, slightly micace(?us, breakable
L] - ! by hand up to easily crushable
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to strength class RS, gradually
towards the subgrade to R5-R4)
were encountered. Stratification
and several systems of extension

Obr. 3 Umisténi stavby na kfiZovatce ulic Antala Staska a Na Stri cracks were clearly visible in
Fig. 3 Location of the construction in intersection between Antala Staska and Na StrZi Streets the rock. The blocks are oblique

to plate-shaped, the size of the

blocks is mostly small. The rock
bude nutné dlouhodobé dilo udrZovat a po piipadném rozhodnuti in- | was thinly tabular (layer thickness in the range of 20-150mm).
vestora provést i jeho likvidaci. Prvni &asti projektu byla realizace | Slickensides and whitish gypsum coats were locally clearly visible
Sachty a jeji vyztuZze pomoci prevrtavanych pilot a vlastni prace na | on the bedding planes and fissures.
hloubeni Sachty. Druha ¢ast realizovaného projektu se tykala razby The blocks are oblique to plate-shaped, the size of the blocks is
prizkumné Stoly pro zajisténi geologického prizkumu s naslednym | mostly small. The rock was thinly tabular. Only dark gray shale was
vrtanim jadrovych vrtd. Tvar profilli a jejich vystrojeni byl zvolen | encountered from a depth of approx. 14.0-22.0m; it was weakly
tak, Ze je Ize v budoucnu vyuzZit jako pfistupové dilo pro provedeni sa- | weathered and fresh, clayey-silty, slightly micaceous, moderately
nacnich opatfeni pod budovou na rohu ulic Antala Staska a Na Strzi, to hardly crushable with hammer (corresponding to strength class
ktera je oznacovana jako Rezidence Rozhledna (obr. 2, 3). Primarnim | R4, in partial silty locations up to R4-R3).
ukolem tohoto dila bylo (kromé samotného geologického prizkumu) The jointing of the rock was platy to tabular (thickness of layers
ovéreni napéto-deformacniho stavu horniny pifmo pod pilotami bu- mostly in the range of 50-300mm, gradually increasing down to
dovy Rezidence Rozhledna a pod zéklady dalSich objekti. the subgrade), medium to weakly jointed.
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Sachta OL1, primér 6 m, hloubka 30,5 m
shaft OL1, diameter of 6m, depth of 30.5m
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Obr. 4 Rozvinuty podélny rez
Fig. 4 Unrolled longitudinal section

SKUTECNE ZASTIZENE GEOLOGICKE
A HYDROGEOLOGICKE PODMINKY NA STAVBE

V priibéhu hloubeni Sachty byly zastiZeny antropogenni navaz-
ky, terasové sedimenty a bfidlice bohdaleckého souvrstvi. Antro-
pogenni navazky byly v prostoru Sachty zastizeny do hloubky cca
4,0 m. Jejich charakter odpovida pivodnimu materidlu okolnich
kvartérnich zemin. Nej€astéji se jednd o pisCitou hlinu a hlinity pi-
sek s variabilnim podilem valounti a opracovanych tilomki hornin.
V zapadni Casti Sachty pak byla zastizena cihlova konstrukce a za-
klady starého objektu. Terasové sedimenty byly v prostoru Sachty
zastizeny do hloubky 5,2 m a jsou zde tvofeny piskem slabé az
stiedné jilovitym, rezavé hnédym a zlutohnédym, stfedné az hrubé
zrnitym, s variabilni pfimési valount do cca 6,0-8,0 cm, v bazil-
nich polohdch nepravidelné s vét§sim podilem Stérkovité frakce.
Bridlice bohdaleckého souvrstvi rizného stupné zvétrani a tekto-
nického poruSeni byly zastiZeny od hloubky 5,2 m aZ do konec¢né
arovné 30,5 m (obr. 4).

Od hloubky zhruba 8,0-8,5 m byly zastiZeny bfidlice mirné zvé-
tralé, jilovitoprachovité, tmavé hnédoSedé a Sedé, slabé slidnaté,
rukou lamatelné aZ kladivem lehce roztloukatelné (odpovidajici

From a depth of approx. 22.0-30.5m, only the Bohdalec
Formation shale was encountered. In the majority part of the shaft,
fresh clayey-silty shale of dark gray to gray-black colour, slightly
micaceous, medium to hard crushable with hammer (corresponding
to strength class R4) was encountered.

From the point of view of the soil and rock workability, the rock
environment to a depth of approx. 14m can be assessed on the
basis of strength and density as class I according to CSN P 73 1005
(respectively classes 3 and 4 according to the no more applicable
standard CSN 73 3050). From a depth of 14m, it is exclusively
class II according to CSN P 73 1005 (respectively classes 5 and 6
according to CSN 73 3050 — class 5 to a depth of approx. 17.0m;
classes 5 and 6 /50:50 / to a depth of 22.0m; class 6 from depth of
22.0m to 30.5m).

Groundwater inflows were not registered to a depth of
approximately 23.5m when the shaft was being excavated, and
the rock had only its own natural moisture (thanks to the way the
shaft walls were supported). From a depth of 23.5m, numerous
immeasurable leaks of groundwater from the shaft walls were

Obr. 5 Pohled na celbu stoly prirazbé
Fig. 5 A view of gallery face during excavation

Obr. 6 Tézba rubaniny
Fig. 6 Muck excavation
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pevnostni tfidé RS, smérem do podlozi postupné R5-R4). V hor-
niné byla dobfe patrnd vrstevnatost a né€kolik systému extenznich
puklin. Tvar bloki je kosotihly az deskovity, velikost bloku je pre-
vazné mald. Hornina byla tence deskovitd (mocnost vrstev v roz-
mezi 20-150 mm). Na vrstevnich plochach i puklindch byly misty
dobre patrné ohlazy a bélavé povlaky sadrovce.

Od hloubky cca 14,0-22,0 m byly zastizeny vyhradné tmavé
Sedé bridlice slabé zvétralé a zdravé, jilovitoprachovité, slabé slid-
naté, kladivem stfedné t€Zce az téZce roztloukatelné (odpovidajici
pevnostni tfidé R4, v dil¢ich prachovitéjsich polohach az R4-R3).

Odluc¢nost horniny byla deskovita az lavicovitd (mocnost vrstev
prevazné v rozmezi 50-300 mm — smérem do podloZzi postupné
vét§i mocnost), stfedné az slabé rozpukana.

Od hloubky cca 22,0-30,5 m byly zastiZeny pouze bfidlice boh-
daleckého souvrstvi. V prevazné ¢asti Sachty byly zastizeny zdravé
jilovcoprachovité bridlice tmavé Sedé az SedocCerné barvy, slabé
slidnaté, kladivem stfedné téZce az tézce roztloukatelné (odpovida-
jici pevnostni tiidé R4).

Z hlediska téZitelnosti zemin a hornin 1ze na zdklad€ pevnosti
a hustoty diskontinuit horninové prostfedi do hloubky cca 14 m
hodnotit jako I. tfidu podle CSN P 73 1005 (respektive 3. a 4. tii-
da podle jiz neplatné CSN 73 3050). Od hloubky 14,0 m se jedn
vyhradng o tiidu II. podle CSN P 73 1005 (respektive t¥idu 5 a 6
podle CSN 73 3050 — tfida 5. do hloubky cca 17,0 m; téfda 5. a 6.
/50:50/ do hloubky 22,0 m; tfida 6. od hloubky 22,0 m do 30,5 m).

Do hloubky cca 23,5 m nebyly pfi hloubeni Sachty zaznamenany
pfitoky podzemni vody a hornina méla jen svou pfirozenou vlhkost
(vzhledem k zptsobu zajisténi stén Sachty). Od hloubky 23,5 m
byly zaznamenané Cetné neméfitelné prisaky podzemni vody ze
stén Sachty. Mista vyznamnych prasaki byla soustfedéna do oblasti
silngj§iho rozpukani a tektonického poruseni horninového masivu.

V ramci razby Stoly byly v iseku TM 0,0-60,6 m zastiZeny pou-
ze bridlice bohdaleckého souvrstvi (obr. 5, 6). V prevazné casti
Stoly byly zastizeny zdravé jilovitoprachovité bfidlice tmavé Sedé
az SedoCerné barvy, slabé slidnaté, kladivem stfedné t€Zce az téz-
ce roztloukatelné (odpovidajici pevnostni tfidé R4, v podruznych
silnéji prachovitych polohich az R4-R3). V horniné byla dobie
patrnd vrstevnatost (mocnost vrstev v rozmezi 100-300 mm - tj.
deskovité a lavicovité polohy), horninovy masiv byl prevazné sla-
bé az stfedné rozpukany, bez vyplné, ptipadné s bélavymi povlaky
sadrovce (mocnost do 1-2 mm). Ve vyrazeném tseku Stoly bylo
zastizeno rovnéz vyrazné tektonické poruseni v podobé poloh silné
rozpukané horniny s mensi pevnosti (R5-R4), snadno rozpadavé
v mensi kosothlé tlomky s ohlazenym povrchem, které misty pre-
chézeji do silné tektonicky podrcené az prohnétené horniny cha-
rakteru drobnych tlomkil az stfipkti s pevnosti R5-R6 (tilomky
rukou lehce lamatelné).

V tuseku Stoly do TM 8,6 m byly ve vyrubu zaznamenany cetné
neméfitelné prisaky podzemni vody z bokl a pristropi Stoly (ze-
jména levé casti vyrubu). Intenzivnéjsi pritoky podzemni vody do
Stoly pak byly soustfedény na nékteré mikropiloty deStniku zasa-
hujici do profilu vyrubu. V tseku TM 8,643,3 m a 55,0-60,6 m
byly pfi razbé zaznamendny Cetnéjsi a intenzivnéjsi soustiedéné
pritoky ze stropu a bok $toly (zejména v pravém boku Stoly v ob-
lasti tektonického pdsma). V tseku TM 43,3-55,0 m pak byly za-
znamendny Cetné prisaky i soustfedéné pritoky ze stropu zejména
pravého boku Stoly.

PRIPRAVA PRED REALIZACI

Prostor doplitkového geologického prizkumu se nachazi ve
stfedni ¢asti hlavniho mésta Prahy, v méstské ¢asti Praha 4. Stave-
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registered. The locations of significant leaks were concentrated in
areas of stronger cracking and tectonic failures of the rock massif.

Within the framework of the gallery excavation, only the
Bohdalec Formation shale types were encountered in the TM 0.0—
60.6m chainage section (see Figures 5, 6). In the predominant part
of the gallery, fresh clayey-silty shale of dark gray to gray-black
colour, slightly micaceous, medium to hard crushable with hammer
(corresponding to strength class R4, in secondary thicker silty
locations up to R4-R3) was encountered. The bedding was clearly
visible in the rock (thickness of the layers in the range of 100-
300mm - i.e. tabular to platy layers), the rock mass was mostly
weakly to moderately cracked, without filling, or with whitish
gypsum coats (thickness up to 1-2mm). In the already excavated
section of the gallery, significant tectonic faulting was also found
in the form of locations of heavily broken rock with lower strength
(R5-R4), easily disintegrating into smaller oblique fragments with
slickensided surfaces, locally transiting into heavily tectonically
crushed to kneaded rock with the character of small fragments to
shards with strength ranging from R5-R6 (fragments easy-to-break
by hand).

In the gallery section up to TM 8.6m chainage, numerous
immeasurable leaks of groundwater from the side walls and the
gallery excavation crown (especially from the left part of the
excavation) were recorded. More intense inflows of groundwater
into the gallery excavation were then concentrated on some of
the canopy tubes extending into the excavation profile. In the TM
8.6-43.3m and 55.0-60.6m chainage sections, more and more
intense concentrated inflows from the gallery excavation crown
and sidewalls were recorded (especially on the right side of the
gallery in the area of the tectonic faulting zone). In the TM 43.3—
55.0m chainage section, numerous leaks and concentrated inflows
from the crown and especially from the right side of the gallery
excavation were recorded.

PREPARARION BEFORE COMMENCEMENT
OF CONSTRUCTION

The area of the additional geological survey is located in the
central part of the capital city of Prague, in the urban district of
Prague 4. The OL1 construction site is located in a developed area
of the municipality, specifically in the free area (in a park) in front
of apartment buildings between Na Strzi and Antala StaSka Streets.
It is used to place elements of the construction site equipment (such
as locker rooms, storage containers, etc.) for geological survey,
which will precede the main construction work on the metro D
Line. The exploration gallery was designed as a mined working
with the access via a shaft. For the needs of construction and the
site arrangement, it was necessary to build a high voltage electricity
connection, a TS 630kVA transformer station, as well as a new
water and sewerage connection. Furthermore, it was necessary to
build areas for the entry of heavy mechanical equipment, especially
for drilling for the secant pile wall.

SHAFT SINKING

The excavation of the circular cross-section shaft with the net
internal diameter of 6m is 30.5m deep. It is braced by a secant
pile wall with the piles 1000mm in diameter. The total of 36
pieces of 34m long piles spaced at 610mm on centres were
designed. There are 18 primary piles there, i.e. piles only from
unreinforced concrete, and 18 secondary piles, which are made
from reinforced concrete. A waler is at the depth of 23.5m, i.e.
1.5m above the gallery entrance to the shaft. Only the secondary
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Obr. 7 Hloubeni Sachty OL1
Fig. 7 OLI shaft sinking

nist€ OL1 je situovano v zastavéné Casti obce, konkrétné na volné
plose (v parku) pied bytovymi budovami mezi ulicemi Na StrZi
a Antala Staska. Je vyuzito pro umisténi prvkd zafizeni stavenis-
té (jako napf. Satny, skladovaci kontejnery apod.) pro geologicky
pruzkum, ktery bude predchazet hlavni stavbé metra D. Prizkum
byl navrzen jako razeny, pfistup z povrchu byl zajistén Sachtou.
Pro potieby stavby a zafizeni staveni$té€ bylo nutno vybudovat VN
pripojku elektrické energie, trafostanice TS 630kVA, také novou
ptipojku vody a odpadnich vod. Dile pak bylo tfeba vybudovat
plochy pro nijezd téZké mechanizace, zejména pro realizaci pre-
vrtavanych pilot.

HLOUBENI SACHTY

Hloubena Sachta kruhového priifezu o vnitinim svétlém praméru
6 m a hloubky 30,5 m je paZena prevrtiavanymi pilotami o pru-
méru 1000 mm. Bylo navrzeno celkem 36 ks pilot délky 34 m, tj.
v osové vzdalenosti 610 mm. Celkem 18 ks pilot je primarnich,
tj. pouze z prostého betonu, a 18 ks je sekundarnich vyztuzenych
pilot. V hloubce 23,5 m je v misté 1,5 m nad
zausténim Stoly do jamy provedena prevazka.
Od hloubky 25 m pokracuji dale jen sekun-
darni vyztuzené piloty a prostor mezi nimi
je vyplnén KARI siti a stiikanym betonem.
Dno 3achty ukonéuje Zelezobetonova (ZB)
armovana deska o tloustce 0,5 m, s jimkou
pro jimani a Cerpani podzemnich vod. Pripra-
vy pro vrtani pilot byly zahajeny v Cervenci
2019. Jama byla dokonéena v lednu 2020,
véetné mikropilotového destniku nad budou-
ci razbou prizkumné Stoly. Hloubeni Sachty
bylo zahajeno 7. fijna 2019, po vybetonovani
ohlubtiového ZB vénce s vyskou 1 m. Vzhle-
dem k omezenému prostoru byl k hloubeni
Sachty pouzit bagr CAT 903, od hloubky cca
23 m také s pomoci impaktoru. Rubanina byla
naklddana do samovyklopné vany o objemu
2 m® a nasledné vytéZena pomoci jefabu pii-
mo do ndkladniho auta s vyklopnym kontej-
nerem (obr. 7). Mikropilotovy deStnik nad
prizkumnou Stolou byl proveden ze dvou rad,
s mikropilotami dimenze 114/10 mm, s dél-
kou 12 m (obr. 8). Béhem hloubeni Sachty se

Obr. 9 Razba stoly strojem BLUE BADGER
Fig. 9 Gallery excavation using BLUE BADGER excavator

Obr. 8 Mikropilotovy destnik — pred rozrdzZkou do stoly
Fig. 8 Canopy tube pre-support — before excavation of the side stub for the
gallery

(reinforced concrete) piles continue from the depth of 25m and
the space between them is filled with KARI mesh and shotcrete.
The shaft bottom is terminated by a 0.5m thick reinforced concrete
(RC) slab, with a sump for collecting and pumping groundwater.
Preparation for drilling for the piles commenced in July 2019. The
excavation was finished in January 2020, including canopy tube
pre-support above the future excavation for the exploratory gallery.
The shaft excavation started on 7 October 2019, after completion
of concreting the 1m high RC shaft collar. With respect to the
limited space, a CAT 903 excavator was used to dig the shaft; an
impactor was in addition used from a depth of approx. 23m. Muck
was loaded into a 2m? self-tipping container and subsequently was
lifted by a crane and discharged directly into a tipping container
truck (see Fig. 7). The canopy tube pre-support structure consisted
of two sections with 12m long canopy tubes 114/10 (see Fig. 8).
The shaft equipment for media, the by-lane and ventilation were
continually installed during the excavation of the shaft.

-
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provadélo postupné vystrojovani pro média, lezné oddéleni a vétra-
ni. Také Sachta byla vystrojena soustavou pro ¢erpani podzemnich
vod, ,.kaskadou* a osvétlenim celé Sachty.

RAZBA PRUZKUMNE STOLY

Razba prizkumné Stoly byla zahdjena 1. tnora 2020 v techno-
logické tiidé TT4 (pod mikropilotovym deStnikem) se zdbérem
1,2 m, za pomoci vicetucelového skalniho bagru Wimmer ,,BLUE
BADGER* (obr. 9). Déleni razeného profilu bylo horizontdlni na
kalotu o prafezu 18,11 m? a dno s prifezem 3,61 m?. V pivodni pro-
jektové dokumentaci byly navrZeny pro razbu prizkumné Stoly dva
zéakladni typy (TYP 1 s technologickou tfidou TT4, TT5aa TYP 2
s technologickou tfidou 5b), s celkovou délkou §toly 60,4 m (viz
tab. 1). Béhem hloubeni Sachty doslo k tpraveé ptivodni pidorysné
geometrie a délky Stoly z divodu budouciho mozného vyuZiti Sto-
ly. Zakfiiveni Stoly bylo upraveno tak, aby celo Stoly bylo ukonceno
v misté budouci propojky mezi tratovymi tunely metra navazujici-
ho useku smérem k nadrazi Kr¢. Dalsim diivodem dpravy polohy
Stoly byl zamér vyuzit budouci prostor propojky tratovych tunel
pro vrtani obrysovych pilot v kaloté jednoho z trafovych tuneli.
Toto opatfeni bude provedeno v predstihu razby trafového tunelu
pod obytnou vyskovou budovou Rezidence Rozhledna, a to z di-
vodu podchyceni nadloZi a nosnych pilot vyskové budovy. Délka
razené prizkumné Stoly po upraveé byla 60,5 m. Projekt dale pocital
s postupnym zajisSfovanim nadloZi pomoci jehel z IBO svorniki
délky 4 m s cementovou injektazi v kazdém druhém zébéru a v po-
¢tu 21 ks (TT 5a). Dalsim podpiirnym prvkem pro stabilitu vyrubu
bylo zajistovani Celby sklolamindtovymi svorniky s cementovou
injektdzi, s délkou 8 m v kazdém druhém zabéru, v poctu 13 ks
(TT 5a). Tloustka osténi pro TYP 1 (TT4 a TT5a) byla stanovena
na 300 mm a pro osténi TYP 2 (TT 5b) na 350 mm stiikaného
betonu C 25/30 (nabéhova kiivka J2), se dvéma vrstvami KARI
sit¢ 8/150/150 mm. Po celou dobu vystavby byla pouzivana sucha
betonova smés MAXIT, dopravovdna potrubim ze dvou sil o ob-
jemu 21,5 m® pres davkova¢ smési, sméSovaci trysku, aZ do mista
nastriku.

ZastiZzené horninové prostfedi, geotechnické a geologické pod-
sledky konvergen¢nich métfeni vykazovaly pfiznivy pribéh razby
Stoly. S ohledem na to, Ze razba Stoly probihala observac¢ni meto-
dou NRTM, bylo mozné dovolit si upravit (po dohod¢ s projektan-
tem a geotechnikem) opatfeni pro zajisténi stability nadloZi a elby,
a to sniZenim poctu jehel a ¢elbovych svornikti zhruba na polovi¢ni
pocet oproti projektu. Z hlediska hydrogeologie byla situace oproti
predpokladu rovnéz priznivéjsi a pritoky puklinovych vod vyka-
zaly nizsi hodnoty. V prostoru Sachty a ivodniho useku Stoly byly
pritoky podzemni vody hodnoceny jako mén€ intenzivni, v podobé
lokalnich az cetnych prasakd. Od TM 8,6 m mély pfitoky charakter
prevazné Cetnych prusak, tkapt i stfednich soustiedénych pfito-
k@ v oblasti poruchovych pasem. V prostoru prizkumné Stoly pak
byly zastiZeny pouze zdravé, deskovité az lavicovité bohdalecké
bridlice, prostoupené extenznimi a stfiznymi puklinami, zlomy az
tektonickymi pasmy rizné orientace, charakteru a rozsahu. Pevnost
zdravych bridlic se v rozsahu celé Stoly pohybuje v rozsahu tridy
R4. V pfipadé tektonicky porusené bridlice je pevnost prevazné
v rozmezi tfid R5-R4 (v misté poruchovych pasem az R6). Vyskyt
tektonicky poruSené horniny byl v ramci Stoly zastiZen zejména
v prostoru jeji pravé ¢asti v podobé souvislého poruchového pasma
se silné podrcenou horninou s vyrazné nizZsi pevnosti. S ohledem
na zastizené geotechnické poméry probihala razba Stoly v tseku
do TM 12,0 v technologické tfidé TT4 s délkou zabéra 1,0-1,2 m,
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EXPLORATORY GALLERY EXCAVATION

The excavation of the exploratory gallery commenced on
1 February 2020, through the excavation support class TT4 (under
the canopy tube pre-support) with advance length of 1.2m, using
a Wimmer “BLUE BADGER” multi-purpose rock excavator (see
fig. 9). The excavation cross-section was divided horizontally into
top heading (18.11m?) and bottom (3.61m?). Two basic types were
proposed in the original design documents for the excavation of
the 60.4m long exploratory gallery (TYPE 1 with TT4 and TT5a
excavation support classes and TYPE 2 with class 5b) (see Table 1).
The original ground plan geometry and length of the gallery was
changed during the course of the excavation due to the possibility
of the use in the future. The curvature of the gallery route was
modified so that the face of the gallery ended at the location of
the future cross passage between running tunnels of the following
metro section heading to Nadrazi Kr¢ station. Another reason for
modifying the position of the gallery was the intention to use the
future space of the cross passage between the running tunnels for
drilling for contour piles in the top heading of one of the running
tunnels. This measure will be implemented in advance of the
excavation of the running tunnel under the Residence Rozhledna
residential high-rise building for the purpose of underpinning the
overhead ground and the load-bearing piles forming the foundation
of the high-rise building. The length of the mined exploratory
galley after the modification amounted to 60.5m. The design in
addition allowed for gradual securing of the overhead using 21
pieces of 4m long, cement- grouted IBO rock bolts as spiles in
every other excavation round (TT 5a). There were 13 pieces of 8m
long glassfibre rock bolts with cement grouting designed to support
the excavation face in every other excavation round, as another
element for the excavation stability (TT a). The thickness of the
lining for TYPE 1 (TT4 and TT5) and TYPE 2 (TT5b) was set at
300mm and 350mm, respectively; shotcrete C25/30 was prescribed
(early strength curve “J2”) with two layers of KARI welded mesh
8/150/150 mm. The MAXIT dry concrete mix was used throughout
the construction period; it was transported through a pipeline from
two 21.5m’ silos through the mixture dosing equipment, mixing
nozzle, to the place of spraying.

The encountered rock environment, geotechnical and geological
conditions, turned out to be slightly more favourable in comparison
with assumptions. The results of convergence measurements also
showed a favourable course of the gallery excavation. With respect
to the fact that the excavation of the gallery was carried out using
the NATM observational method, we could afford to modify (in
agreement with the designer and geotechnician) measures designed
to stabilise the overhead and excavation face by reducing the
number of spiles and face-supporting rock bolts to about half the
number in comparison with the design. In terms of hydrogeology,
the situation was also more favourable than expected and the values
of inflows of fissure waters were lower. In the area of the shaft and
the initial section of the gallery, the inflows of groundwater were
assessed as less intense, having the form of local up to numerous
leaks. From TM 8.6m, in the area of fault zones, the inflows had
the character of mostly numerous leaks, dripping and medium
concentrated inflows. In the area of the exploratory gallery, only
fresh, tabularly to plately jointed Bohdalec shale, permeated with
extension and shear fissures, fractures up to tectonic faulting zones
of various orientation, character and extent. The strength of fresh
shale varies within class R4 within the extent of the entire gallery
were encountered. In the case of tectonically disturbed shale, the
strength is mainly in the range of classes R5—R4 (in the locations
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Obr. 10 Priizkumné vrty z konce Stoly
Fig. 10 Exploratory boreholes from the gallery end

ve zbylém useku Stoly pak ve tfidé TT Sa s délkou zabéri 1,20 m.
Razba Stoly byla ukoncena 15. Cervna 2020. Na zavér bylo dno
opatfeno drendzi, Cisticimi Sachtami a pochozim dnem z betonu.

PRUZKUMNE VRTY Z KONCOVE CELBY

V ramci prizkumu bylo z koncové Celby Stoly OL1 provedeno
celkem pét horizontalnich prazkumnych vrti (obr. 10). Zakladnim
cilem realizace téchto vrti bylo ovéfeni geologickych a geotechnic-
kych poméri horninového masivu v ¢asti razeného podchodu budou-
cich trafovych tuneld pod zastavbou v ulici Antala Staska a ¢aste¢né
v ulici Na StrZi. Horizontdlni priizkumné vrty byly provedeny v dél-
ce 50,0-68,0 m. Kromé ovéfeni inZenyrskogeologickych poméra
formou detailni dokumentace byly vrty vyuZité k realizaci terénnich
geotechnickych zkousSek, a to v podobé presiometrickych zkousek
pro ovéreni deformacnich parametrd horninového masivu. V pfipadé
vSech vrti bylo pro upfesnéni vystupti dokumentace vrtného jadra
provedeno i komplexni karotaZni méfeni. Jednotlivé prizkumné vrty
byly realizovany jako jadrové, vrtnou soupravou pro jadrové vrtani
0 @ 76 mm, s pouZitim dvojité jadrovky a diamantovou korunkou
s vodnim vyplachem (z¢asti technologii WIRE line). Pfi vrtani byly
podle moznosti zaznamenavané i tidaje o podzemni vodg. Pri vrtani
byly vrtnou osddkou zaznamendvany informace o pruznosti hornino-
vého masivu. Vrtné jadro bylo jako dokumentacni vzorky ukladano
do strojnich Sprihrddkovych standardnich dfevénych a plastovych
vzorkovnic s oznacenim vrtu a hloubkovym intervalem. Vsechny
vrty byly pribéZné dokumentovany geologem a byla pofizovana
fotografickd dokumentace. Z vrtl byly na zékladé zastizenych po-
méra odebirany vzorky hornin pro geotechnické laboratorni rozbory
a zkousky. Ve vSech prizkumnych horizontalnich vrtech byly prove-
deny presiometrické zkouSky. Méfeni bylo podle mozZnosti provadé-
no zhruba po metrovych intervalech. Celkem bylo realizovdno 163
modifikovanych zkousek pro uréeni modulu pretvarnosti i pruznosti
horninového masivu. Zkouskami zji§téné praimémé hodnoty presio-
metrického modulu pretvarnosti z druhé zatéZovaci vétve se pohybo-
valy v rozmezi 400 az 600 MPa. Ve vSech prizkumnych horizontal-
nich vrtech bylo provedeno komplexni karotdzni méfeni.

of fault zones up to R6). The occurrence of
tectonically disturbed rock was detected
within the gallery mainly in the area of its
right-hand part in the form of a continuous
fault zone with heavily crushed rock with
significantly lower strength. With regard to
the encountered geotechnical conditions, the
excavation of the gallery in the section up
to TM 12.0m chainage proceeded through
the excavation support class TT4 rock with
the excavation round length of 1.0-1.2m.
With respect to the encountered geotechnical
conditions, the excavation of the gallery in the
section up to TM 12.0m chainage proceeded
through the excavation support class TT4
rock with the excavation round length of 1.0—
1.2 m. In the remaining section of the gallery,
it was in the TT 5a class with the excavation
round length of 1.20m. In the remaining
1.20m long section, the gallery was driven
through the TT 5a class. The mined gallery
was finished on 15 June 2020. Finally, the
bottom was provided with drainage, manholes
and a walkable concrete bottom.

EXPLORATORY BOREHOLES FROM GALLERY ENDING
EXCAVATION FACE

As part of the survey, a total of five horizontal exploratory
boreholes were carried out from the excavation face at the end of
OL1 gallery (see Fig. 10). The basic goal of these boreholes was
to verify the geological and geotechnical conditions of the rock
mass in the part of the mined passage under the future running
tunnels under buildings in Antala Staska Street and partly in Na
Strzi Street. The length of the horizontal exploration holes varied
from 50.0 to 68.0m. In addition to the verification of engineering
geological conditions in the form of detailed documentation, the
boreholes were used for conducting field geotechnical tests, in the
form of pressuremeter tests to verify the deformational parameters
of the rock mass. In the case of all boreholes, a complex borehole
survey was performed to specify the outputs of the borehole core
documentation. The individual exploration boreholes were carried
out as cored holes, using a dill rig for @ 76mm with a double-tube
core barrel and a diamond drill bit with water flushing (partly
using the WIRE line technique). Whenever possible, data on
groundwater was also recorded while drilling. During drilling, the
drilling crew recorded information on the degree of the difficulty
of drilling and any other relevant facts. The borehole cores were
stored as documentation samples in 5 standard wooden and
plastic core boxes provided with marking of the boreholes and
the depth intervals. All boreholes were continuously documented
by a geologist and photographic documentation was provided.
Based on the conditions encountered, rock samples were taken
from the boreholes for geotechnical laboratory analyses and tests.
Pressuremeter tests were conducted in all exploratory horizontal
boreholes. Measurements were performed at approximately meter
intervals if possible. A total of 163 modified tests were conducted
to determine the modulus of deformation and elasticity. The
average values of the pressuremeter modulus of deformation
determined by tests on the second loading branch varied between
400 and 600MPa. Comprehensive borehole survey was conducted
in all exploratory horizontal boreholes.

After geological documentation, rock samples were taken from
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Tab. 1 Porovndni technologickych tid — predpoklad vs. skutecnost

predpoklad TT razby
-zadavaci dokumentace
v délka . ; :
razba OL1 e délkaTT4 | délkaTT5a | délkaTT5b
m m m m
TYP 1 50,875 12 38,875 0
TYP 2 9,49 0 0 9,49
skutecné zastizené TT razby
. délka . . ,
razba OL1 o délkaTT4 | délkaTT5a | délkaTT5b
m m m m
TYP 1 60,4 11,9 48,5 0
TYP 2 0 0 0 0
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Table 1 Comparison of excavation support classes (TTs) — assumption vs.

reality
excavatiuon support class (TT)
assumption - tender design
OL1
Sl total length | TT4 length | TT5a length | TT5b length
m m m m
TYPE 1 50.875 12 38.875 0
TYPE 2 9.49 0 0 9.49
actually encountered excavation
support classes
OL1
e total length | TT4 length | TT5alength | TT5b length
m m m m
TYPE 1 60.4 11.9 48.5 0
TYPE 2 0 0 0 0

Z pruzkumnych vrt byly po geologické dokumentaci odebrany
vzorky hornin za tcelem laboratorniho ovéreni jejich geotechnic-
kych vlastnosti. Podle projektu priizkumnych praci byl odbér vzor-
k@ podle moZnosti provadén zhruba po 10 m (tj. celkem 29 vzor-
k@). Presna mista odbéru vzorki pak byla zavisla na zastizenych
inZenyrskogeologickych pomérech. U vSech vzorka hornin byly
urceny zékladni indexové a fyzikdlni vlastni (vlhkost, objemova
hmotnost, pdrovitost). Dédle byly na vSech vzorcich provedeny la-
boratorni zkousky pro zjisténi pevnosti v prostém tlaku, pricném
tahu, pfipadné indexu pevnosti v bodovém zatiZeni na nepravidel-
nych dlomcich. U nékterych vzorkd (kvalitni neporusené jadro)
byly kromé& pevnostnich charakteristik stanoveny také pretvdrné
vlastnosti horninového materialu, a to deformacni zkouskou.
ZAVER

Na zéklade zjisténych skutecnosti o horninovém masivu béhem
razeb a naslednych vrtnych praci se ukdzala opodstatnénost prove-
deného pruzkumu, kde doslo k upfesnéni vysledkil piivodné prove-
denych prizkumnych praci (tab. 1). Lze oCekavat poruchovd pasma
zejména pri razbé tratovych tunelil z propojky jiznim smérem do
stanice Nadrazi Kr¢. Obdobna rozsihla poruchova pasma a s tim
souvisejici zhorSené podminky razby je nutné ocekavat i v dalsim
useku razeb tratovych tunelll v tomto sméru. V prostoru zlomu
a poruchovych pasem je tieba pfi razbé pocitat se zvySenymi pii-
toky podzemni vody v podobé Cetnych ukapt az lokdlnich sou-
sttedénych pritokd. Vystavba stanice Olbrachtova, u niZ se nachazi
obytnd zastavba, bude technicky obtiZnym inZenyrskym dilem. Vy-
sledky z prazkumnych praci umoziuji tento obtizny tkol, za sou-
stfedéného usili projektanta, investora a zicastnénych zhotoviteld,
aspésné zvladnout.
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STRABAG a.s.
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the exploratory boreholes for the purpose of laboratory verification
of their geotechnical characteristics. According to the survey design,
sampling was carried out as far as possible approximately at 10m
intervals (i.e. a total of 29 samples). The exact sampling points then
depended on the engineering geological conditions encountered. In
addition, the basic index-related and physical properties (humidity,
density, porosity) were determined for all rock samples. Furthermore,
laboratory tests were conducted on all samples to determine the
unconfined compressive strength, tensile splitting strength, or the
point load strength index on irregular fragments. In addition to
the strength characteristics, the deformational properties of some
samples (good-quality undisturbed cores) were also determined
by a deformation test. In addition to the strength characteristics,
the deformational properties of some samples (good-quality intact
cores) were also determined by a deformation test.

CONCLUSION

Based on the facts determined about the rock msass during the
excavation and the subsequent drilling operations, the justification
of the performed survey, where the results of the originally carried
out exploratory operations were specified (Table 1), was proved.
Fault zones can be expected especially during the excavation
of running tunnels from the cross passage, south to the Nadrazi
Kr¢ station. Similar extensive fault zones and related worsened
excavation conditions must be expected in the next section of the
running tunnel excavation heading in this direction. In the area of
faults and fault zones, it is necessary to take into account increased
groundwater inflows during excavation in the form of frequent
dripping up to local concentrated inflows. The construction of the
Olbrachtova station, where the residential development is located,
will be a technically difficult civil engineering work. The results
of the exploration operations make it possible to successfully cope
with this difficult task, with the concentrated efforts of the designer,
the project owner and the participating contractors.

Ing. IVO GAJA, ivo.gaja@strabag.com,
VLADIMIR TABORSKY, viadimir.taborsky@strabag.com,
STRABAG a.s.

[1] URBANEK, T. Dopliikovy geologicky priizkum tiseku ID Ia. Stavebni ast — tisek OL1
[2] SG Geotechnika — Dopliikovy geologicky priizkum tiseku ID 1a. Zavérecna zprava — tsek OL1
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NEKTERE OTAZKY MODERNIHO INiENYRSKOGEOLOGICKEHO
A GEOTECHNICKEHO PRUZKUMU
SOME ISSUES OF MODERN ENGINEERING GEOLOGICAL
AND GEOTECHNICAL INVESTIGATION

ALEXANDR ROZSYPAL, VLADISLAV HORAK

ABSTRAKT

Kvalita geotechnickych (inZenyrskogeologickych) priizkumii je z hlediska jejich uZivatelii a nezridka i jejich zhotovitelii Casto povaZovd-
na za nedostatecnou. Nejen odborné verejnosti jsou zndmé havdrie, ke kterym na inZenyrskych stavbdch v minulosti doslo. Nelze prehliZet
ani mnoZstvi mensich stdle se opakujicich problémii, které se sice v pracovnim porddku pri vystavbé dari resit, nicméné ve svém souhrnu
znamenaji znacné financni ztrdty. Predmétem prispévku je poukdzat na priciny soucasného stavu, podtrhnout potieby, cile a ndstroje mo-
derniho priizkumu. Cilem pFispévku je predevsim otevFit k tomuto tématu diskusi, a to ve svétle probihajici revize CSN EN 1997, dokonco-
vdni (dosud predbéiné) normy pro InZenyrskogeologicky priizkum CSN P 73 1005 a vytvoieni bdze pro nalezeni konsenzu na tyto otdzky
odborné verejnosti.

ABSTRACT

The quality of geotechnical (engineering geological) investigations is often considered insufficient from the point of view of their users
and often also their contractors. Not only the professional public is aware of accidents that have occurred on civil engineering works in
the past. We cannot overlook the number of smaller, recurring problems, which, although they can be solved in the work progress during
construction, nevertheless mean considerable financial losses in their entirety. The subject of the paper is to point out the causes of the
current state, to underline the needs, goals and tools of modern investigation. The aim of the paper is to open a discussion on this topic,
in light of the ongoing revision of CSN EN 1997, completion of the (so far preliminary) standard for Engineering Geological Investigation

CSN P 73 1005 and creating a basis for finding consensus on these issues in the professional public.

1 UvOD

1.1 Definice problému, soucasny stav

Podminky pro uplatiiovani inZenyrské geologie a geotechni-
ky se zacaly vyrazné komplikovat se vznikem novych socidl-
né-ekonomickych i legislativnich podminek po roce 1990. Obé
tyto specializace, vazané predev§im na stavebnictvi, musely na-
hle Celit novym faktorim vznikajiciho trzniho prostredi, kterym
dosavadni praxe nebyla prizptisobena. Nova profesni uskupeni
(CAIG - Ceska asociace inZenyrskych geologti, CGTS — Ces-
ka geotechnicka spole¢nost Ceského svazu stavebnich inZenyri,
CSSMZGE - Cesko-Slovenska spole¢nost pro mechaniku zemin
a geotechnické inZenyrstvi a dal$i) neméla silu nové legislativni
ani normativni podminky upravovat nebo se na né rychle adapto-
vat. Misto synergie zacalo dochézet ke konkurenci. Vyrazné se to
projevilo pfi zavadéni CSN EN 1997 (Eurokéd 7) [1] a nedspé-
chem pfi zpracovani jeji narodni piilohy, jen dil¢im dspéchem
pii projednavani CSN P 73 1005 [2], spory pfi projednavani (na-
konec tsp&sném) CSN 73 1004 [3] a naposledy spory pfi revizi
TP 76 Geotechnicky prizkum pro pozemni komunikace [4].

K potizim pfi hleddni konsenzt z hlediska potfeb (predevsim
inzenyrského) stavitelstvi pfispiva i vyrazna nekompatibilita geo-
logického [5] a stavebniho [6] zdkona v oblasti prizkumil pro
vystavbu a jejich provadécich vyhlasek. Probihajici revize Eu-
rokodu 7 podle vseho situaci nezjednodusi, ale naopak jesté vice
zkomplikuje.

To jsou divody, pro€ je tieba hledat cesty, které by inZenyrskou
geologii i geotechniku privedly zase k sobé€, a tim se znovu vy-
tvotily predpoklady pro optimalni aplikaci jejich dnes tak casto

1 INTRODUCTION

1.1 Problem definition, current state

The conditions for the application of engineering geology and
geotechnics began to become significantly more complicated
with the emergence of new socio-economic and legislative
conditions after 1990. Both of these specializations, tied primarily
to construction, suddenly had to face new factors of the emerging
market environment to which previous practices were not adapted.
New professional groups (CAIG — Czech Association of Engineering
Geologists, CGTS — Czech Geotechnical Society of the Czech
Association of Civil Engineers, CSSMZGE — Czech-Slovak Society
for Soil Mechanics and Geotechnical Engineering and others) did
not have the power to modify or quickly adapt to new legislative
or normative conditions . Instead of synergy, competition began to
emerge. This was significantly reflected in the implementation of
CSN EN 1997 (Eurocode 7) [1] and failure in the preparation of its
national annex, only partial success in negotiating CSN P 73 1005 [2],
disputes in negotiating the (ultimately successful) CSN 73 1004 [3]
and most recently disputes over the revision of TP 76 Geotechnical
Investigation for Roads [4].

Significant incompatibility between the Geological [5] and the
Building [6] Act in the area of construction investigations and their
implementing regulations also contributes to the difficulties in finding
consensus in terms of the needs of (especially civil engineering)
construction. The ongoing revision of Eurocode 7 does not seem to
simplify the situation, but on the contrary complicates it even more.

These are the reasons why it is necessary to look for ways that
would bring engineering geology and geotechnics back together,
thus creating the preconditions for the optimal application of their
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nevyuzivaného potencialu, a to jako nezastupitelné soucasti pro-
cesu stavitelstvi.

Pozndmka:

Autori v textu zdmérné nepouZivaji termin ,,InZenyrskogeolo-
gicky“ ani ,,Geotechnicky“ priizkum, ale jen termin ,,priizkum*,
protoZe jsou toho ndzoru, Ze je tfeba se nejdriv shodnout na pred-
meétu, cili a zpiisobu hodnoceni priizkumu a teprve pak resit (a zda
vitbec) jeho detailni ndzev.

1.2 PFiciny nedostatecnosti pruzkumi

O tom, Ze uzitnd hodnota i kvalita prizkumu je v praxi dnes
velmi Casto nedostate¢nd, neni sporu. Dikazem jsou vyznamné
havarie nebo komplikace, ke kterym na inZenyrskych stavbach
v nedavné minulosti doslo a nadéle dochazi. Ke sjednoceni nazo-
i na pric¢iny nedostate¢nosti pruzkumi vSak v odborné vefejnosti
a ani mezi zadavateli prizkumut zatim nedoslo. Pravdou je, Ze
v kazdém jednotlivém pripad¢ bude pficin vice. Pokud je cilem
hledat cesty ke zkvalitnéni prizkumd, je tfeba pfiCiny jejich ne-
dostatecnosti pfedevsim jasné pojmenovat.

K nejvyznamnéj$im pfi¢indm nedostatecnosti prizkumi jisté

patii:

» Ekonomické tlaky na trhu prizkumnych praci, zptisoby vy-
bérovych fizeni jejich zhotovitelll atp., uprednostiujici prilis
jednoducha feSeni a ekonomické zajmy zadavatell i zhotovi-
teld prizkumad.

e Prudky rozvoj stavebnich technologii, zvlasté pak zemnich
praci a strojniho zafizeni a rovnéZ rozvoj metod navrhovani
geotechnickych konstrukci. Z toho pfirozené vyplyvaji také
nové pozadavky na cile, metody i odbornou uroveti prizkum-
nych praci v€etné jejich hodnoceni.

e Rist geotechnickych specializaci a s tim spojenych profes-
nich sdruZeni upfednostiiujicich vlastni zdjmy. Komplexni
pristup k oboru inZenyrské geologie a geotechniky a sou-
¢innost specializaci jsou oslabovany, naopak roste vzajemna
konkurence.

* Nedostatecnd spoluprdce projektantli stavebnich konstrukci
a_zhotoviteld prizkumii v protikladu k vzristajici potfebé
této soucinnosti, vyplyvajici z technického rozvoje inZenyr-
ského stavitelstvi.

e Nejednoznacnd odpovédnost jednotlivych subjektli ucastni-
cich se na projektovéni, provadéni a hodnoceni prizkumu za
jimi provadéné ¢innosti, vyplyvajici z neprovazanosti legis-
lativni, normativni a predpisové zakladny.

» Konzervativni pfistup zhotoviteld prizkumt. Metodika pri-
zkumu (s vyjimkou zkuSebnich metod a pfistroji) se v pod-
staté zdsadné nezménila od dob, kdy byla vypracovdna Smér-
nice &. 1 Ceského Geologického Uradu z roku 1975.

e Nizky tlak na kvalitu provddéni i hodnoceni prizkumi,

a promijeni z toho vyplyvajicich nedostatki prizkumi ze
strany zadavateld i zhotoviteld prizkumi, jejich uZzivatel i
profesnich organizaci.

e Nedisledné, ale zdrovein i nedostatecné promyslené, a Cas-
to jen schematické zavadéni CSN EN 1997, neptihliZejici
k nezbytnosti uplatiiovani i pfirodovédného pfistupu u pra-
zkumtl. K tomu je potfeba pficist pretrvavajici pouzivani
CSN 73 1001 [7], zrusené jiz v roce 2010.
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now untapped potential, as an irreplaceable part of the construction
process.

Note:

The authors intentionally do not use the term “Engineering
Geological” or “Geotechnical” investigation, but only the term
“investigation”because they are of the opinion that it is necessary
to first agree on the subject, goals and method of investigation
evaluation and only then address (and if at all) its detailed name.

1.2 Causes of investigation inadequacy

There is no doubt that the utility value and quality of the
investigation is very often insufficient in practice today. Evidence
of this is significant accidents or complications that have occurred
on civil engineering works in the recent past and continue to occur.
However, there has been no unification of opinions on the causes
of the inadequacy of investigations in the professional public or
among the sponsors of investigations. The truth is that in each single
case, there will be more causes. If the aim is to find ways to improve
investigations, the causes of their inadequacy must be clearly named.

The most important causes of the inadequacy of investigations

certainly include:

* Economic pressures on the market of exploration works,
methods of tenders of their contractors, etc., favoring too simple
solutions and economic interests contracting authorities and
investigation contractors.

» Rapid development of construction technologies, especially
earthworks and machinery, as well as the development of
methods of designing geotechnical structures. Naturally, this
also results in new requirements for the objectives, methods
and professional level of exploratory work, including their
evaluation.

* Growth of geotechnical specializations and related professional
associations prioritizing their own interests. The complex
approach to the field of engineering geology and geotechnics
and the cooperation of specializations are weakened, on the
contrary, mutual competition is growing.

* Insufficient cooperation of structure designers and investigation
contractors in contrast to the growing need for this cooperation,
resulting from the technical development of civil engineering.

* Ambiguous responsibility of individual entities participating in
the design, implementation and evaluation of investigations for
their activities, resulting from the incoherence of the legislative,
normative and regulatory basis.

» Conservative approach of investigation contractors. The
investigation methodology (with the exception of test methods
and instruments) has not changed fundamentally since the time
when Directive No. 1 of the Czech Geological Authority of
1975 was drafted.

* Low pressure on the quality of conducting and evaluating
investigations, and forgiving the resulting shortcomings
of investigations on the part of contracting authorities
and investigation contractors, their users and professional
organizations.

* Inconsistent, but at the same time insufficiently thought out,
and often only schematic implementation of CSN EN 1997,
disregarding the necessity of applying a natural scientific
approach to investigations. To this must be added the continued
use of CSN 73 1001 [7], which was repealed in 2010.

1.3 Significant discrepancies in the perception
of the content and evaluation of investigations
The basic conflict of opinion here is based on various ideas of
what should be the content of the investigation in the context of CSN
EN 1997 and what should not be. Above all, what else should be
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1.3 Vyznamné rozpory v nahlizeni na obsah a hodnoceni
prizkumi

Zéakladni nazorovy stfet zde vychazi z rozli¢nych predstav, co
ma byt v kontextu s CSN EN 1997 obsahem priizkumu a co jiZ ni-
koliv. Pfedevsim, co jesté ma byt soucasti geotechnického hodno-
ceni prizkumu a co ma byt az soucasti navrhu geotechnické kon-
strukce. K této otdzce jsou v zdsadé mozné tfi rozdilné pfistupy:

e Predstava ¢. 1 se opird o geologicky zdkon a jeho jednodu-
chou definici inZenyrskogeologického prazkumu, kterd se
omezuje na konstatovani, Ze se jednd o priizkum pro ucely
vystavby. Ve svém dtsledku vede k omezeni prizkumu na
prirodovédny zdklad ukonceny inZenyrskogeologickym mo-
delem. Geotechnické hodnoceni, a tudiZ ani znalosti, se od
feSitelt prizkumu proto nevyzaduji. Je zde dirazny akcent
na disledné oddéleni ¢innosti podle ,,geologického zakona®
a ¢innosti podle ,,stavebniho zdkona*.

« Predstava ¢. 2 se naopak opira predeviim o CSN EN 1997.
Jeji privrZenci obvykle zastivaji nazor, ze CSN P 73 1005
(pfedbézna norma pro inzenyrskogeologicky prizkum) je
s CSN EN 1997 v rozporu, a Ze je proto v podstaté zbyte¢n4.
Argumentem je, Ze vie, co je pro priizkum dileZité, CSN EN
1997-1 a -2 dostate¢né zahrnuje. Tento piistup pii provadéni
prizkumu v praxi upfednostiiuje inZenyrsky pristup a jeho
prirodovédnou ¢ast upozaduje.
geologie a geotechniky. Zakladni premisou zde je, Ze na in-
Zenyrskou geologii a na geotechniku je nutno nazirat jako
na celek, ve kterém se ob¢ specializace prolinaji. Zavéry
priazkumu proto musi obsahovat jak inzenyrskogeologické,
tak i geotechnické hodnoceni, vyhovujici pozadavkim CSN
EN 1997. Tato predstava odpovida konceptu v CR osvédéené
inZenyrské geologie, s kterym pfiSli Quido Zaruba a Vojtéch
Mencl, i dosavadnim zvyklostem provadéni prizkumad.

Na pozadi vySe uvedenych rozport se pak odviji i rozdilné na-
zory na fadu dil¢ich otazek, které s projektovanim, provadénim,
hodnocenim a prezentaci vystupti prizkumu souvisi. Jedna se
pfedevsim o:

e nazev pruzkumu (geotechnicky versus inZenyrskogeologic-

ky); )

e nutnou miru respektovani CSN EN 1997-1 a -2, zejména co
se tykd obsahu, rozsahu a zpisobu provadéni geotechnickych
hodnoceni v ramci prizkumu a jejich prezentace v zavérec-
nych zpravach o prizkumu;

¢ vzijemnou odpovédnost zpracovatele projektu prizkumu, fe-
Sitele pruzkumu a projektanta stavby (autora geotechnického
ndvrhu ve smyslu CSN EN 1997) pii projektovani, provadéni
a hodnoceni prizkumu;

e obsah a pouzivani nékterych odbornych terminli souviseji-
cich s geotechnickym hodnocenim vysledku prazkumu;
rozdilnost pohledu na definovani odbornych pozadavkl pro
klicové osoby podilejici se na piipravé projektu prizkumu,

jeho provadéni a hodnoceni.

1.4 Uskali priizkumu hodnoceného podie pozadavki
CSN EN 1997
CSN EN 1997 piedpoklada zv1ast vypracovani zpravy o geo-
technickém (inZenyrskogeologickém) prizkumu — viz ¢l. 3.4
a zvlast zpravy o prizkumu jako kapitoly v Geotechnickém na-
vrhu — viz ¢l. 2.8.

part of the geotechnical evaluation of the investigation and what
should be part of the design of the geotechnical structure. There are
basically three different approaches to this issue:

* Approach No. 1 is based on the Geological Act and its simple
definition of engineering geological investigation, which is
limited to stating that it is a investigation for construction
purposes. As aresult, it leads to the limitation of the investigation
to a natural scientific basis completed by an engineering
geological model. Geotechnical evaluation, and therefore
knowledge, are therefore not required from investigation
leaders. There is a strong emphasis on the consistent separation
of activities under the “Geological Act” and activities under the
“Building Act”.

* Approach No. 2, on the other hand, is based primarily on
CSN EN 1997. Its supporters usually take the view that
CSN P 73 1005 (preliminary standard for engineering geo-
logical investigation) is in conflict with CSN EN 1997 and that
it is therefore essentially unnecessary. The argument is that
everything that is important for the investigation is sufficiently
covered by CSN EN 1997-1 and -2. In practice, this approach
favors an engineering approach and lags behind the natural
scientific part.

* Approach No. 3 builds on the consistent connection of
engineering geology and geotechnics. The basic premise here
is that engineering geology and geotechnics must be seen
as a whole in which the two specializations intersect. The
conclusions of the investigation must therefore include both
engineering geological and geotechnical evaluation, meeting
the requirements of CSN EN 1997. This idea corresponds to
the concept of our proven engineering geology, which came
from Quido Zaruba and Vojtéch Mencl, as well as to the current
practice of investigations.

Against the background of the above-mentioned contradictions,
there are also different opinions on a number of partial issues related
to the design, implementation, evaluation and presentation of the
investigation outputs. These are mainly:

* name of the investigation (Geotechnical versus Engineering

Geological);

e the necessary degree of respect for CSN EN 1997-1 and -2,
especially as regards the content, scope and manner of
conducting geotechnical evaluations within the investigation
and their presentation in the final investigation reports;

* mutual responsibility of the investigation project contractor,
investigation leader and structure designer (author of the
geotechnical design in the sense of CSN EN 1997) in the design,
implementation and evaluation of the investigation;

* the content and use of certain technical terms related to the
geotechnical evaluation of the investigation result;

* Differences in the view of defining professional requirements
for key people involved in the preparation, implementation and
evaluation of the investigation project.

1.4 Pitfalls of the investigation evaluated according to
the requirements of CSN EN 1997
CSN EN 1997 presupposes a separate elaboration of a report on
geotechnical (engineering geological) investigation — see Article
3.4 and a separate report on the investigation as a chapter in the
Geotechnical design — see Article 2.8.
The content of these articles is strictly interpreted as meaning that:
* The investigation report is logically processed only by its
leader. Among other things, the report contains an engineering
geological model based on lithological units and derived values
of geotechnical parameters related to these lithological units.
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Obsah téchto ¢lanka byva striktné vykladan tak, Ze:

e Zpravu o prizkumu zpracovava logicky jen jeho fesitel.
Mimo jiné zprava obsahuje inZenyrskogeologicky model za-
loZeny na litologickych jednotkdch a odvozenych hodnotiach
geotechnickych parametri vztaZzenych k t€émto litologickym
jednotkam.

e Zpravu o pruzkumu jako kapitolu v geotechnickém néavrhu
zpracovava vyhradné aZ autor geotechnického ndvrhu. Ob-
sahuje stanoveni charakteristickych hodnot geotechnickych
parametrtl vstupujicich do vypocti a charakteristické geome-
trické tdaje vymezujici tato data v horninovém prostiedi ni-
koliv podle genetickych typt, ale podle jejich fyzikalné-me-
chanickych vlastnosti (CSN EN 1997-1 ¢1. 2.4.5.2 a 2.4.5.3).

Uskali spociva ve skuteCnosti, Ze charakteristické hodnoty se
musi urcit jako obezfetny odhad. To vSak neni vérohodné€ mozné
bez komplexniho a divérného sezndmeni se s doty¢nym horni-
novym prostiedim. Aby to ale bylo mozZné, tak je podle ¢lanku
2.4.5.2 CSN EN 1997 nutné, kromé& jiného, vzit vyslovné v ivahu
také nésledujici okolnosti:

» geologické a jiné informace, jako jsou udaje z predchézeji-

cich projekti;

» proménlivost hodnot méfenych vlastnosti a jinou relevantni
informaci, napf. ze stavajici znalosti;

* rozsah terénniho a laboratorniho prizkumu;

* typ a pocet vzork;

* rozsah zény zdkladové pudy fidici chovani geotechnické
konstrukce v uvazovaném meznim stavu;

* schopnost geotechnické konstrukce prenaset zatiZeni ze sla-
bych do silnych z6n zakladové ptdy.

Je zfejmé, Ze findlni geotechnické hodnoceni, a to jak vlast-
nich geotechnickych parametri hornin, tak i jejich geometrického
vymezeni (které je spolu tzce provazané), bude vzdy do znacné
miry zaviset na konkrétnich zkuSenostech, na teoretickych i prak-
tickych znalostech hodnotitele a na jeho komplexnim posouzeni
spolehlivosti a vérohodnosti ziskanych dat a zhodnoceni vysled-
kt daného prizkumu. To Ize ovsem tézko ocekavat od autora geo-
technického navrhu, ktery prizkum neprovadél.

Z toho dtvodu je, podle autort ¢lanku, jednoznacné spolehli-
vE&jsi, aby navrhy charakteristickych hodnot geotechnickych para-
metrd i charakteristickych hodnot jejich vymezeni v horninovém
prostiedi provedl kvalifikovany feSitel priizkumu jiZ v rdmci zpré-
vy o prizkumu. V tom smyslu se jedna o pfedbéZné stanoveni
charakteristické hodnoty. Kone¢né stanoveni charakteristickych
hodnot do navrhu geotechnické konstrukce pak je nezpochybni-
telnou odpovédnosti a kompetenci autora geotechnického navrhu,
jiZ jen proto, Ze pravée ten za cely navrh rudi.

2 NUTNOST PROVAZANI PRUZKUMU S CSN EN 1997
Uzka provéazanost postuptl pii provadéni a hodnoceni prizku-
mi s CSN EN 1997 byva Casto zpochybiiovdna poukazem na
geologicky zdkon. Oporou pro tuto argumentaci je, e CSN EN
1997, spolu se stavebnim zdkonem, se zabyva pouze ¢innosti ve
stavebnictvi, zatim co prizkumné prace se prioritn¢ musi fidit
zakonem geologickym. Tato tvrzeni vS§ak ve skute¢nosti nema-
ji Zadné opodstatnéni. Pravni zdivodnéni prokazujici obecnou
nutnost dodrZovat evropské harmonizované normy, vcetné CSN
EN 1997, pochazi z obecného zavazku CR respektovat evropské
normy a implementovat je do souboru platnych ndrodnich norem.
Nezbytnost metodického provazani priizkumnych praci s CSN
EN 1997 je logicka jak z technického, tak i z praktického hle-
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» The investigation report as a chapter in the geotechnical design
is prepared exclusively by the author of the geotechnical design.
It contains determination of characteristic values of geotechnical
parameters entering into calculations and characteristic
geometric data defining these data in the ground environment
not according to genetic types, but according to their physical-
mechanical properties (CSN EN 1997-1 Art. 2.4.52 and
2.4.5.3).

The difficulty lies in the fact that the characteristic values must
be determined as a cautious estimate. However, this is not credibly
possible without a comprehensive and confidential acquaintance
with the ground environment in question. However, in order for this
to be possible, according to Article 2.4.5.2 of CSN EN 1997, it is
necessary, among other things, to explicitly take into account the
following circumstances:

» geological and other information, such as data from previous

projects;

e variability of measured property values and other relevant

information, e.g. from current knowledge;

* scope of field and laboratory investigation;

* type and number of samples;

* the extent of the foundation soil zone controlling the behavior of

the geotechnical structure in the considered limit state;

o the ability of the geotechnical structure to transfer loads from

weak to strong zones of the foundation ground.

It is obvious that the final geotechnical evaluation, both of the
actual geotechnical parameters of the ground and their geometric
definition (which is closely interlinked), will always depend to a large
extent on specific experience, theoretical and practical knowledge of
the evaluator and his comprehensive assessment of reliability and
credibility of the data obtained, and evaluation of the results of the
investigation. However, this can hardly be expected from the author
of the geotechnical design, who did not carry out the investigation.

For this reason, according to the authors of the article, it is clearly
more reliable that proposals for characteristic values of geotechnical
parameters and characteristic values of their delimitation in the
ground environment be made by a qualified investigation leader
within the investigation report. In this sense, it is a preliminary
determination of the characteristic value. The final determination of
characteristic values in the design of a geotechnical structure is then
an unquestionable responsibility and competence of the author of the
geotechnical design, simply because he is responsible for the entire
design.

2 THE NEED TO LINK INVESTIGATIONS WITH
CSN EN 1997

The close connection of the procedures for conducting and
evaluating investigations with CSN EN 1997 is often questioned by
reference to the Geological Act. The support for this argument is
that CSN EN 1997, together with the Building Act, deals only with
activities in the construction industry, while exploratory work must
be governed as a matter of priority by the Geological Act. However,
these assertions of the argumentation are in fact unfounded. The
legal justification proving the general need to comply with European
harmonized standards, including CSN EN 1997, comes from the
Czech Republic’s general obligation to respect European standards
and implement them into a set of valid national standards.

The need for methodological linking of investigation work with
CSN EN 1997 is logical both from a technical and practical point
of view. CSN EN 1997 has been valid in the Czech Republic for
many years. It is part of (so far) 10 European harmonized standards
(“Eurocodes”), which are mandatory for Czech designers in the
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diska. CSN EN 1997 v CR plati jiz fadu let. Je soucasti (zatim)
10 evropskych harmonizovanych norem (,,Eurokodt*), které jsou
pro ceské projektanty ve stavebnictvi povinné a béZné se pou-
Zivaji. VSechny tyto ,,Eurokody* jsou pak mezi sebou vzajemné
provazané.

Proto pfi hodnoceni prizkumd, provadénych mimo jiné i pro
ziskani podkladd pro navrhovani geotechnickych konstrukei,
musi prizkumy ve vystupech také plné CSN EN 1997 respekto-
vat, a to véetné pouzivané terminologie.

V opacném pripadé€ by vzniklo nebezpeci nekvalitniho zavadéni
»geotechnickych vstupt* do navrhii geotechnickych konstrukei.
Geotechnickd hodnoceni jako souddst prizkumii

Geotechnicka hodnoceni, byt se dnes stéle jesté neprovadi di-
sledné podle CSN EN 1997, byla a jsou trvalou sou¢asti prizku-
mi. V tomto smyslu neni poZadavek na to, Ze prizkumy musi
i nadale geotechnickd hodnoceni obsahovat, Zadné novum. Jediny
rozdil spocdiva v tom, Ze se nové musi dodrzovat postupy pre-
depsané CSN EN 1997. A ty za predpokladu, Ze se hodnoceni
pruzkumu provadi kvalifikované, v principu neznamenaji Zddnou
zasadni zménu oproti dosavadni praxi.

Priizkumy a ostatni geotechnické normy CSN EN pro prdce
specidlniho zakldddni

Pfi projektovani pozemnich komunikaci, véetné tuneld, se pro-
vadi i klasickd geotechnickd feSeni a statickd posuzovani fady
specidlnich geotechnickych konstrukei, které jsou soucasti téch-
to staveb. V fe¢i CSN EN 1997 je provadén jejich geotechnicky
navrh. A pro néj je nezbytné vyhodnotit geotechnické parametry
dotéenych hornin. Na vSechny tyto prace specidlniho zakladani
existuji CSN EN normy. Jednd se o: Vrtané piloty, Horninové
kotvy, Podzemni stény, Stétové stény, Razené piloty, InjektiZe,
Tryskové injektdZe, Mikropiloty, Vyztuzené zemni konstrukce,
Hiebikovani zemin, Hloubkové zlepsovani zemin, Hloubkové
zhutfiovani zemin vibrovanim a Svislé drény. A tyto normy vy-
slovn€ ve svych kapitoldch 5 ukladaji povinnost, provadét pro
tyto innosti priizkumné prace podle CSN EN 1997.

Neni tedy pochyb o tom, Ze pfi provadéni prizkumil pro in-
Zenyrské stavby, vcetné tuneld, je tfeba provadet i geotechnicka
hodnoceni podle poZadavkit CSN EN 1997.

3 NEKTERE DALSI ASPEKTY HODNOCENI
KOMPLEXNICH PRUZKUMU PRO INZENYRSKE
STAVBY

3.1 Navrh charakteristické hodnoty a geotechnicka
hodnoceni v ramci prizkumu

Charakteristickd hodnota geotechnického parametru

Charakteristickd hodnota geotechnického parametru je defino-
vand v CSN EN 1997 v ¢l. 2.4.5.2. Zde jsou uvedena i viechna
hlediska, ktera je potieba vzit v tivahu pfi jejim stanoveni. Odst. 4
az 10 tohoto ¢lanku se pfi tom dzce vdZou na komplexni inZe-
nyrsko-geologické i geotechnické hodnoceni prizkumu — viz téz
kap. 1.4 tohoto textu. Pravé z tohoto diivodu je Zadouci, aby navrh
charakteristické hodnoty geotechnického parametru byl pfiprave-
soucdst vystupll prizkumu. V navrhu TP 76 v kapitole 1.6.33 byla
proto pfijata nasledujici definice tohoto pojmu.

Ndvrh charakteristické hodnoty geotechnického parametru

Névrh charakteristické hodnoty geotechnického parametru je
vystupem piislusné etapy prizkumu, pokud jsou pro jeho stano-

construction industry and are commonly used. All these “Eurocodes”
are then interconnected.

Therefore, when evaluating investigations carried out, among other
things, to obtain data for the design of geotechnical structures, the
investigations in the outputs must also fully respect CSN EN 1997,
including the terminology used.

Otherwise, there would be a risk of poor quality introduction of
“geotechnical inputs” into the design of geotechnical structures.

Geotechnical evaluations as part of investigations

Geotechnical evaluation, although still not carried out consistently
according to CSN EN 1997, have been and are a permanent part of
investigations. In this sense, the requirement that investigations must
continue to include geotechnical evaluation is nothing new. The only
difference is that the procedures prescribed by CSN EN 1997 must
be followed. And these, provided that the evaluation of investigations
is carried out in a qualified manner, do not in principle mean any
fundamental change compared to the current practice.

Investigations and other geotechnical standards CSN EN for
special foundation works

When designing roads, including tunnels, classic geotechnical
solutions and static evaluation of a number of special geotechnical
structures that are part of these structures are also performed. In the
language of CSN EN 1997, their geotechnical design is performed,
and for it it is necessary to evaluate the geotechnical parameters
of the affected ground. There are CSN EN standards for all these
special foundation works. These are: Drilled piles, Ground anchors,
Diaphragm walls, Steel Sheet Pile walls, Driven piles, Grouting, Jet
grouting, Micropiles, Reinforced earth structures, Soil nailing, Deep
soil improvement, Deep soil compaction by vibration, and Vertical
drains. And these standards explicitly impose in their chapters 5
the obligation to carry out exploratory work for these activities in
accordance with CSN EN 1997.

There is therefore no doubt that geotechnical evaluation in
accordance with the requirements of CSN EN 1997 must also be
carried out when carrying out investigations for civil engineering
works, including tunnels.

3 SOME OTHER ASPECTS OF EVALUATION
OF COMPREHENSIVE INVESTIGATIONS FOR
ENGINEERING STRUCTURES

3.1 Design of characteristic value and geotechnical
evaluations within the investigation

Characteristic value of geotechnical parameter

The characteristic value of the geotechnical parameter is defined in
CSN EN 1997 in Article 2.4.5.2. Here are all the aspects that need to
be taken into account when determining it. Paragraph 4 to 10 of this
article are closely linked to a comprehensive engineering geological
and geotechnical evaluation of the investigation — see also chap. 1.4
of this text. For this reason, it is desirable that the proposal of the
characteristic value of the geotechnical parameter be prepared by the
investigation leader in his final report, as part of the investigation
outputs. The following definition of this term was therefore adopted
in the draft TP 76 in Chapter 1.6.33:

Design of a characteristic value of a geotechnical parameter

The design of the characteristic value of a geotechnical parameter is
the output of the relevant stage of the investigation, if the conditions
of CSN EN 1997 are met for its determination. The necessary
data concerning the nature of the geotechnical structure and its
geotechnical design is provided by the author of the investigation
project in cooperation with the structure designer or the investigation
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veni splnény podminky CSN EN 1997. Potiebné ddaje, tykajici
se charakteru geotechnické konstrukce a jejiho geotechnického
navrhu, zprostiedkovava autor projektu prizkumu ve spoluprici
s projektantem stavby nebo zadavatelem prizkumu. Navrh cha-
rakteristické hodnoty se uvadi v zavérecné zpravé o prizkumu.
Charabkteristickd hodnota geometrickych vdaju zdkladové pidy

Charakteristickd hodnota geotechnického parametru je vzdy
dasledné vztaZena k urcitému geotechnickému typu. Ten musi
byt v horninovém prostfedi jednozna¢né vymezeny. To se muze
dit pouze geotechnickym (vypoctovym) fezem. Geotechnicky
(vypoctovy) fez je takovy fez, ktery je podkladem pro vypocet
(statické posouzeni) v ramci geotechnického ndvrhu. V. CSN
EN 1997-1 v odst. 2.4.5.3 je pon€kud toporn€ nazvany ,,Charak-
teristickd hodnota geometrickych idaja‘. Smysl tohoto pojmu je
vSak jasny. Bez geometrického vymezeni charakteristické hod-
noty geotechnického parametru v horninovém masivu by s touto
hodnotou ani nebylo mozné v ramci geotechnického navrhu pra-
covat. Pozn.: Ve Slovniku pojmii ve vystavbé (DOS M 01,01 GEO)
[7] z roku 2006 je na str. 24 definovany pojmem ,,Geotechnicky
vypoctovy model “.

3.2 odpoveédnosti Fesitele priizkumu a autora
geotechnického navrhu pfi geotechnickém
hodnoceni vysledkii priizkumu a navrhu
charakteristické hodnoty

Oponenti pozadavku na zahrnuti geotechnického hodnoceni
podle CSN EN 1997 do zpréivy o provedeni priizkumu obvykle
argumentuji tim, Ze tato norma vyslovné vyzaduje, aby takové
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sponsor. The proposed characteristic value is given in the final
investigation report.

Characteristic value of geometric data of the foundation ground

The characteristic value of a geotechnical parameter is always
consistently related to a certain geotechnical type. The type must be
clearly defined in the ground environment. This can only be done
by geotechnical (computational) cross-section. A geotechnical
(computational) cross-section is a section that is the basis for a
calculation (static assessment) within a geotechnical design. In CSN
EN 1997-1 in paragraph 2.4.5.3 it is somewhat awkwardly called
“Characteristic value of geometric data”. However, the meaning of
this term is clear. Without a geometric definition of the characteristic
value of the geotechnical parameter in the ground mass, it would
not even be possible to work with this value within the geotechnical
design. Note: In the Glossary of Terms used in construction (DOS
M 01.01 GEO) [7] from 2006, it is defined on page 24 by the
term “Geotechnical calculation model” .

3.2 Responsibilities of the investigation leader

and author of the geotechnical design

in the geotechnical evaluation of the investigation

results and the selection of the characteristic value

Opponents of the requirement to include a geotechnical evaluation

according to CSN EN 1997 in the investigation report usually
argue that this standard explicitly requires that such an evaluation
be performed only by the author of the geotechnical design. But
this argument is not true. Such a provision in CSN EN 1997-1 or
in CSN EN 1997-2 cannot be found anywhere and it is not possible
to derive it indirectly from its text. This does not follow neither

(zpracovéno na zakladg obr. &. 1.1 v CSN EN 1997-2 kap. 1.6 str. 16)

(processed on the basis of Fig. No. 1.1in CSN EN 1997-2 Chapter 1.6 p. 16)

druh zkousky type of test
F =terénni, L = laboratorni F = terrain, L = laboratory

blok diagram inzenyrskogeologického a geotechnického hodnoceni v TP 76 podle CSN EN 1997

block diagram of engineering geological and geotechnical evaluation in TP 76 according to CSN EN 1997

inZenyrskogeologické hodnoceni vysledkd prizkumu
engineering geological evaluation of investigation
results

korelace correlation Ft. F2 L1 L2

vysledky zkousek a odvozené hodnoty
geotechnickych parametr(
test results and derived values of geotechnical 1 |

inzenyrskogeologicky model, fezy
engineering geological model, cross-sections
odpovédny Fesitel prizkumu

responsible investigation leader

EC7 &1 kap.3 kap. 3.4
EC7¢.2kap.6

informace o stavenisti z jinych
zdrojli, 0 zeminach, skalnich
horninach a o projektu
information
about the construction site
from other sources, about soils,
rocks and the project

parameters |

EN 1997-L, EN 1997-2 EN 1997-L, EN 1997-2

EN19971=EC7¢.1 EN19971=EC7 No.1
obezfetny vybér
cautious selection

EC7 No. 1 chpt.3 chpt. 3.4
EC 7 No. 2 chpt. 6

geotechnické hodnoceni vysledkd prizkumu,
geotechnicky model, fezy

geotechnical evaluation of investigation results,
geotechnical model, cross-sections

geotechnickych parametrd

of geotechnical parameters

geotechnicky model a névrh charakteristické hodnoty

geotechnical model and design of characteristic value

odpovédny Fesitel prizkumu

responsible investigation leader

EC7¢&. 1 kap.2.4.3, kap. 2.4.5.2, kap. 2.4.5.3
EC7 No. 1 chpt. 2.4.3, chpt. 2.4.5.2, chpt. 2.4.5.3

aplikace dilcich faktorl
final choice of characteristic value
application of partial factors

kone¢na volba charakteristické hodnoty

)<

navrh geotechnické konstrukce
design of geotechnical structure

autor geotechnického navrhu
author of geotechnical design
EC7 &1 kap. 3 kap.2.4.5.2

navrhové hodnoty geotechnickych parametrii
design values of geotechnical parameters

EC7¢.1kap.5az 12
EC7 No. 1 chpt. 3 chpt. 2.4.5.2
EC 7 No. 1 chpt. from 5 to 12

NS

Obr. 1 Obecny rdmec pro vybér odvozenych hodnot geotechnickych vlastnosti (podle CSN EN 1997-2, &l. 1.6, obr. 1.1)
Fig. 1 General framework for selection of derived values of geotechnical properties (according to CSN EN 1997-2, Art. 1.6, Fig. 1.1)
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hodnoceni provadél az autor geotechnického névrhu. Tato argu-
mentace ale neni pravdiva. Takové ustanoveni v CSN EN 1997-1
ani v CSN EN 1997-2 nelze nikde nalézt a neni to mozné z jejiho
textu ani nepfimo odvodit. Nevyplyva to ani z obr. €. 1.1 v ¢l. 1.6
CSN EN 1997-2, ze kterého se to nékdy mylné dedukuje — viz
zde obr. 1. V tomto obr. se uvadi pouze zjednodusend posloup-
nost ¢innosti, od provedeni prizkumu, pfes inZenyrskogeologické
a geotechnické hodnoceni (zpracovéani geotechnického modelu)
zavrSené stanovenim charakteristické hodnoty geotechnického
parametru.

Jediné, co je nutné respektovat, je to, Ze autor geotechnického
navrhu — projektant geotechnické konstrukce — je odpovédny za
konec¢nou volbu charakteristické hodnoty geotechnického para-
metru, kterou ve svém ndvrhu pouZije. To ovSem nepredepisuje
CSN EN 1997, ale vyplyva to ze skutecnosti, Ze je (i ve smyslu
stavebniho zdkona) osobou za projekt (a tudizZ i za navrh geotech-
nické konstrukce) bezprostfedné a plné odpovédnou.

Tato odpovédnost ale vilbec neznamenad, Ze by autor geotechnic-
kého navrhu musel nutné sdm o sobé délat i veskera geotechnicka
zhodnoceni poznatkil ziskanych priazkumnymi pracemi (vcetné
s tim neoddélitelné spojeného stanoveni prislusnych charakteri-
stickych hodnot geometrickych tdaji geotechnického fezu). Je
daleko spolehlivéjsi, kdyZ ,,obezfetné* navrhy obou téchto cha-
rakteristickych hodnot, které jsou ostatné vzdjemné neoddélitelné
provazané, obdrZi na zdkladé komplexniho inZenyrskogeologic-
kého a geotechnického hodnoceni prizkumu od fesitele prizku-
mu. VEtSinu prizkumnych aspektl, které se pfitom musi brat
v tvahu, (viz ¢l. 2.4.5.2 i 2.4.5.3 CSN EN 1997-1), je schopen
1épe posoudit pravé ten, kdo prizkum provadél a hodnotil nez
autor geotechnického navrhu, ktery obdrzi vysledky prizkumu
ve findlni podobé. Nicméné za konecny navrh charakteristickych
hodnot, vztaZzenych k technickym aspektim geotechnického na-
vrhu, je odpovédny praveé autor geotechnického navrhu.

3.3 Ruznost cilii, metod a hodnoceni priizkumu

Pred dal$imi dvahami je tfeba pfipomenout, Ze ne kazdy pri-
zkum se nutné provadi jen pro to, aby byly ziskdny podklady pro
navrh podle podminek CSN EN 1997. I priizkumy, provadéné pro
ucely pripravy a realizace stavby, mivaji fadu vystupi, nejen sta-
noveni charakteristickych hodnot pro navrh geotechnickych kon-
strukci. Cile prizkumu mohou byt tedy zna¢né€ rozdilné a neni to
nic nového. Priklady cilii jsou popsany v klasickych ucebnicich
inZenyrské geologie. Jde o prizkumy naptiklad pro:

a.izemni planovani a inZenyrskogeologické mapys;

b. komunalni vystavbu a zakladani objektd v 1. geotechnické

kategorii;

c. zaloZeni jednotlivych stavebnich objektd ve 2. nebo 3. geo-

technické kategorii;

d.rozsahlé liniové stavby a vodni dila;

e. podzemni stavby nebo velké primyslové komplexy;

f. skladky odpadut véetné toxickych a radioaktivnich.

Je ziejmé, Ze ne ve viech vyse uvedenych piipadech je CSN
EN 1997 pro celkovou strategii pruzkumu, vcetné jeho hodno-
ceni i prezentace vysledki, nejvhodnéjsi. V nékterych ptfipadech
mohou byt metody standardniho inZenyrskogeologického hodno-
ceni a prezentace vysledki prizkumu ve smyslu geologického
zakona a jeho vyhldSek vhodnégjsi. Je tieba také vzit v dvahu, Ze
priazkumy pro kazdy typ staveb (zejména velkych), byt je jejich
hlavnim tcelem rovnéz ziskani podkladt pro geotechnicky navrh,
maji fadu dalSich dil¢ich cilt. To plati zejména pro liniové stavby.

from Fig. No. 1.1 in Article 1.6 of CSN EN 1997-2, from which
it is sometimes erroneously deduced — see Fig. 1 here. In this Fig.
and geotechnical evaluation (processing of a geotechnical model)
completed by determining the characteristic value of a geotechnical
parameter.

The only thing that must be respected is that the author of the
geotechnical design — the designer of the geotechnical structure —
is responsible for the final choice of the characteristic value of the
geotechnical parameter, which he will use in his design. However,
this is not prescribed by CSN EN 1997, but it results from the fact
that he is (even in the sense of the Building Act) a person directly and
fully responsible for the project (and therefore also for the design of
the geotechnical structure).

However, this responsibility does not mean that the author of
the geotechnical design necessarily has to make all geotechnical
evaluations of the knowledge gained from the investigation work
(including the inseparably linked determination of the relevant
characteristic values of geometric data geotechnical cross-
section). It is far more reliable when “cautious” proposals for both
of these characteristic values, which are, after all, inextricably
linked, are received from the investigation leader on the basis of a
comprehensive engineering geological and geotechnical evaluation
of the investigation. Most of the investigation aspects that must be
taken into account (see Art. 2.4.5.2 and 2.4.5.3 of CSN EN 1997-1)
are able to be better assessed by the person who carried out and
evaluated the investigation than the author of the geotechnical
design who receives the results of the investigation in its final form.
Nevertheless, the author of the geotechnical design is responsible for
the final design of the characteristic values related to the technical
aspects of the geotechnical design.

3.3 Diversity of investigation objectives, methods
and evaluation

Before further consideration, it should be noted that not every
investigation is necessarily carried out only to obtain the basis for the
design according to the conditions of CSN EN 1997. Investigations
carried out for the preparation and implementation of construction
tend to have a number of outputs, not only the determination of
characteristic values for the design of geotechnical structures. The
goals of the investigation can therefore be quite different and this is
nothing new. Examples of goals are described in classical textbooks
of engineering geology. These are investigations, for example, for:

a. land-use planning and engineering geological maps;

b. communal construction and foundation of buildings in the 1st

geotechnical category;

c. foundation of individual buildings in the 2™ or 3 geotechnical

category,

d.large-scale line structures and water works;

e. underground structures or large industrial complexes;

f. landfills, including toxic and radioactive ones.

It is obvious that not in all the above cases, CSN EN 1997 is
the most suitable for the overall investigation strategy, including
its evaluation and presentation of results. In some cases, methods
of standard engineering geological evaluation and presentation
of investigation results in the sense of the Geological Act and its
regulations may be more appropriate. It should also be taken into
account that investigations for each type of construction (especially
large ones), although their main purpose is also to obtain data for
geotechnical design, have a number of other sub-objectives. This is
especially true for line constructions. In addition to the documents
necessary for the design of the relevant types of geotechnical
structures according to CSN EN 1997, it is usually:

* Definition of various quasi-homogeneous ground mass units,

according to the purpose of use. For example, the division of
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Kromé podkladii nezbytnych pro navrh pfislu$nych typt geotech-
nickych konstrukci podle CSN EN 1997 to byva:

o Vymezeni riiznych kvazihomogennich celkii horninového ma-
sivu, podle ucelu pouziti. Napriklad rozdé€leni horninovych
celkl podél osy tunelu do technologickych tfid vyrubu. Ob-
dobné rozdéleni trasy komunikace na celky podle kli¢ovych
parametri dalezitych pro volbu technologie zemnich praci
(tézitelnost, lepivost, zhutnitelnost, strukturni vlastnosti hor-
nin, kratkodob€ bezpe¢ny sklon svahu atp.).

* Geotechnicky dozor v prubéhu vystavby, kdy je nutné nejen
kvalitativné, ale i kvantitativné sledovat a hodnotit rozdily
mezi skutecné zastiZenymi inZenyrskogeologickymi a geo-
technickymi podminkami a témi, které byly predpokladany
ve vystupech z prizkumu a byly tak podkladem pro geotech-
nicky navrh a projekt vystavby.

* Potifeba opakovaného vyuZiti vSech primdrnich poznatki
a vystupii z prizkumu, a to kdykoliv béhem vystavby, napfi-
klad v pfipadé pozdéjsich uprav projektu, pfi potiebé zmén
modifikaci smérového a vyskového vedeni liniové stavby
nebo pfi provozu hotového dila.

o VyuZiti vystupii priizkumu jako archivniho zdroje pro jiné ¢i
budouci stavby nebo navazujici investice v sousedstvi. ZvIast
dualezity je pfitom pristup k pivodnim, Gcelovymi interpre-
tacemi nezkreslenym informacim, vysledkim a hodnocenim
prazkumnych praci (ke zkresleni mize dojit pravé pri jejich
hodnoceni pro specifické cile ptivodniho priizkumu).

e PouZiti vysledkii prizkumii pri reSeni mimorddnych situact
nebo havdrii souvisejicich s neocekdvanym vyvojem inter-
akce horninového prostfedi a konstrukce, at béhem vystav-
by nebo provozu. To je zvlast vyznamné pravé u liniovych
staveb. Pro tyto ucely je dalezité mit k dispozici komplexni
primarni informace o inZenyrskogeologickych pomérech,
ziskané v prub&hu prizkumnych praci.

o Vytvoreni skutecné zastizeného inZenyrskogeologického mo-
delu, kompilaci vysledkit prizkumu a hodnoceni redlnych
inZenyrskogeologickych poméra dokumentovanych geotech-
nickymi dozory pfi provadéni stavby.

* Analyza geotechnickych rizik, vychazejici z prislusnych etap
prizkum@ a odpovidajicich fazi projektové pfipravy i jeji
zptestiovani v pribéhu vystavby. U tunelt jde dnes jiZ o stan-
dardni postup. Tento podklad musi ve vhodné formé obsaho-
vat identifikaci a charakterizaci vSech v tvahu pripadajicich
zdroju geotechnickych rizik (ty se pritom do inZenyrskoge-
ologického, p¥ipadné geotechnického podkladu podle CSN
EN 1997 standardné nezahrnuji).

* Podklad pro projekt geotechnického monitoringu a hodnoce-
ni vysledkd méfeni v pribéhu vystavby, dopliovani systému
monitoringu atp.

* Podklad pro projekt dalsich etap priizkumii.

o Vystupy priizkumit by mély byt také zpracovdny tak, aby vy-
hovovaly poZadavkiim BIM (Building Information Modeling
— Informacni modelovdni budov).

Tyto dil¢i cile jdou vesmés nad rdmec formdlnich i vécnych po-
7adavkt formulovanych v CSN EN 1997 na vypracovéni zpravy
o prizkumu a také poZadavkil na zpracovani podklada pro geo-
technicky navrh. V projektu prizkumu je proto tyto dilci cile tfeba
definovat. Je soucasné tfeba vychazet z povahy stavby, pro kterou
se pruzkum déla, a také z potieb uzivateld prizkumu. Struktura
hodnoceni prizkumu, struktura, forma i obsah prezentace vysled-
ku tedy musi byt v§em t€mto dil¢im cilim pfizpisobena.

30. rocnik - €. 3/2021

ground units along the axis of the tunnel into technological
classes of excavation. Similarly, the division of the road route
into units according to key parameters important for the
choice of earthworks technology (extractability, stickiness,
compactibility, structural properties of ground, short-term slope
stability, etc.).

* Geotechnical supervision during construction, where it is
necessary not only qualitatively but also quantitatively to
monitor and evaluate the differences between the actually found
engineering geological and geotechnical conditions and those
that were assumed in the investigation results and were the basis
for geotechnical design and construction project.

o The need to reuse all primary knowledge and investigation
outputs at any time during construction, for example in the event
of later modifications to the project, the need to make changes to
the direction and elevation of the alignment of the line structure,
or the during service of the finished work.

* Use of investigation outputs as an archival source for other or
future buildings or follow-up investments in the neighborhood. Of
particular importance is the approach to the original, purposeful,
information, results and evaluations of the investigation work
undistorted by interpretations (distortion can occur precisely
during their evaluation for the specific objectives of the original
investigation).

e Use of investigation results in dealing with emergencies
or accidents related to the unexpected development of the
interaction of the ground environment and structure, whether
during construction or operation. This is especially important
for line structures. For these purposes, it is important to have
comprehensive primary information on engineering geological
conditions, obtained during the investigation work.

* Creation of a truly encountered engineering geological model,
compilation of investigation results and evaluation of real
engineering geological conditions documented by geotechnical
supervisions during construction.

* Analysis of geotechnical risks, based on the relevant stages
of investigations and the corresponding phases of project
preparation and its refinement during construction. For tunnels,
this is now a standard procedure. This document must contain,
in an appropriate form, the identification and characterization of
all possible sources of geotechnical risks. (these are not included
in the engineering geological or geotechnical base documents
according to CSN EN 1997 as standard).

* Basis for the project of geotechnical monitoring and evaluation
of measurement results during construction, complementation
of the monitoring system, etc.

* Basis for the project of further stages of investigations.

o [Investigation outputs should also be processed to meet BIM
(Building Information Modeling) requirements.

These sub-objectives generally go beyond the formal and factual
requirements formulated in CSN EN 1997 for the elaboration of a
investigation report as well as the requirements for the processing of
documents for geotechnical design. These sub-objectives therefore
need to be defined in the investigation project. At the same time, it is
necessary to proceed from the nature of the construction for which
the investigation is being conducted and also from the needs of the
investigation users. The structure of the investigation evaluation,
the structure, form and content of the presentation of results must
therefore be adapted to all these sub-objectives.

3.4 The importance of distinguishing between the
engineering geological and geotechnical model
Above all, it is necessary to clarify what are the engineering
geological and geotechnical models and what are the differences
between them.
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3.4 Vyznam rozliSeni inZenyrskogeologického
a geotechnického modelu

Predev§im je tfeba vyjasnit, co jsou inZenyrskogeologicky
a geotechnicky model a jaké jsou mezi nimi rozdily.
InZenyrskogeologicky model

InZenyrskogeologicky model je napiiklad definovan v CSN
P 73 005 v ¢l. 5. Komplexné a inovativné je popsan v [8]. InZe-
nyrskogeologicky model by predev§im mél byt vystupem kazdé
zpravy o prizkumu. V kontextu s cilem prizkumu by mél ob-
sahovat maximaln€ komplexni a iplné shrnuti vSech ziskanych
poznatkl o vlastnostech horninového prostiedi, véetné rizik spo-
jenych s pripadnymi stavebnimi zdsahy do jeho plivodniho stavu
nebo jinymi externimi vlivy. Mira jeho zjednoduSeni, ve srovnani
se skute¢nym horninovym prostiedim, by méla byt co nejmensi.
Smyslem inzenyrskogeologického modelu je co nejuplnéjsi popis
stavu horninového prostiedi a ma byt podkladem pro pochopeni
jeho skute¢ného chovani, a to v co mozna nejvétsi komplexnos-
ti. Jeho ucelem je byt podkladem pro zpracovani dalSich dil¢ich
ucelovych hodnoceni, ktera jsou jiz zaméfena na konkrétni cile
prizkumu, ve smyslu pfedchazejiciho odstavce 3.3.

Podle CSN EN 1997-1 ¢1. 3.4 a CSN EN 1997-2 ¢l. 6, které de-
finuji obsah priizkumu pro tcely navrhu geotechnické konstruk-
ce, je inZenyrskogeologicky model vyjadieny inZenyrskogeolo-
gickymi fezy a inZenyrskogeologickymi typy. Ty jsou vytvoiené
prizkumem identifikovanymi litologickymi vrstvami, tedy na
zakladé geneze. Vlastnosti jednotlivych horninovych typd jsou
zde uvedeny odvozenymi hodnotami geotechnickych parametra.
V inZenyrskogeologickych fezech se, mimo jiné, znazoriuji mis-
ta zkouSek nebo odbért vzorki pro zkousky fyzikalné-mechanic-
kych vlastnosti hornin.

Geotechnicky model

Geotechnicky model je ve smyslu CSN EN 1997-1 ¢l. 2.4.5.2
praktické definovat charakteristickymi hodnotami geotechnic-
kych parametrd hornin a ve smyslu ¢l. 2.4.5.3 téZe normy cha-
rakteristickymi geometrickymi tudaji, které vymezuji charakteris-
tické hodnoty geotechnickych vlastnosti v horninovém prostiedi
v ploSe (v fezu) nebo prostorové (v blokdiagramech). Formalng
je pak jeho prezentace nejjednodussi v klasickych rovinnych geo-
technickych fezech. V nich jsou vlastnosti jednotlivych geotech-
nickych typt uvedeny v charakteristickych hodnotach fyzikalné-
mechanickych vlastnosti hornin.

Geotechnicky model je maximalné moZnym zjednoduSenim in-
Zenyrskogeologického modelu. Obsahuje jen ty informace, které
jsou nutné pro vlastni navrh (vypocet) geotechnické konstrukce.
Pocet geotechnickych typll je v fezu minimalizovany, hranice
mezi nimi jsou zjednodusené, zpravidla pfimymi Carami. Geo-
technicky fez v tomto smyslu je geotechnickym vypoctovym fe-
zem, ktery pfimo vstupuje do geotechnického navrhu.

Vyznam posloupnosti ve zpracovdvdni inZenyrskogeologického
a geotechnického modelu

Aby bylo mozZné vytvorit vérohodny a dostatecné zjednoduse-
ny model jakékoliv skutecnosti, je tieba nejdiive tuto skutecnost
co nejlépe, v celé jeji slozitosti a komplexnosti, pochopit. Poté
je tieba odhadnout ty prvky, které jsou pro jeji chovani a vlast-
nosti urcujici. Teprve pak je mozné sestavit dostatecné jedno-
duchy model, ktery chovani skute¢nosti dostatecné a vérohodné
predstavuje. Nedodrzi-li se tento princip, a model se sestavi bez
pfedchoziho pochopeni slozité reality, je vysoce pravdépodobné,

Engineering geological model

The engineering geological model is, for example, defined in
CSN P 73 005 in Article 5. It is comprehensively and innovatively
described in [8]. Above all, the engineering geological model should
be the output of every investigation report. In the context with the
aim of the investigation, it should contain as comprehensive and
complete a summary as possible of all acquired knowledge about the
properties of the ground environment, including the risks associated
with possible construction interventions in its original state or other
external influences. The degree of its simplification, compared to
the real ground environment, should be as small as possible. The
purpose of the Engineering Geological Model is to describe as
fully as possible the state of the ground environment and to be the
basis for understanding its actual behavior, in the greatest possible
complexity. Its purpose is to be the basis for the elaboration of other
partial purposeful evaluations, which are already focused on the
specific objectives of the investigation, in the sense of the previous
paragraph 3.3.

According to CSN EN 1997-1 Art. 3.4 and CSN EN 1997-2 Art.
6, which define the content of the investigation for the purposes
of designing a geotechnical structure, the engineering geological
model is expressed by engineering geological cross-sections and
engineering geological types. These are created by a investigation
of identified lithological layers, ie on the basis of genesis. The
properties of individual ground types are given here by derived
values of geotechnical parameters. Engineering geological cross-
sections show, among others, test or sampling locations for testing
the physical-mechanical properties of ground.

Geotechnical model

In the sense of CSN EN 1997-1 Art. 2.4.5.2, the geotechnical
model is practical to define by characteristic values of geotechnical
parameters of ground and in the sense of Art. 2.4.5.3 of the same
standard by characteristic geometric data, which define characteristic
values of geotechnical properties in the ground environment in plane
(in cross-section) or spatially (in block diagrams). Formally, its
presentation is the simplest in classical planar geotechnical cross-
sections. In them, the properties of individual geotechnical types
are given in the characteristic values of physical and mechanical
properties of ground.

The geotechnical model is the maximum possible simplification
of the engineering geological model. It contains only the information
that is necessary for the design (calculation) of the geotechnical
structure. The number of geotechnical types is minimized in the
cross-section, the boundaries between them are simplified, usually
by straight lines. A geotechnical cross-section in this sense is a
geotechnical computational cross-section that directly enters into a
geotechnical design.

The importance of the sequence in the processing of engineering
geological and geotechnical model

In order to create a credible and sufficiently simplified model of
any reality, it is first necessary to understand this reality as good as
possible, in all its complexity and completeness. Then it is necessary
to estimate those elements that are decisive for its behavior and
properties. Only then is it possible to compile a sufficiently simple
model that sufficiently and credibly represents the behavior of
reality. If this principle is not followed, and the model is built without
first understanding the complex reality, it is highly likely that the
model will not capture reality and false results will be obtained when
using it.

The engineering geological model is just such a tool for
understanding the real behavior of the ground environment. Only
after its compilation is there a chance that further simplification into



Tuel

Ze model nebude realitu vystihovat a pti jeho pouZiti se obdrzi
falesné vysledky.

InZenyrskogeologicky model je pravé takovym néstrojem k po-
chopeni skutecného chovani horninového prostfedi. Teprve po
jeho sestaveni je Sance, Ze dalsi zjednoduSovani do geotechnic-
kého modelu bude tspésné, a Ze ten bude dobrym zdkladem pro
geotechnicky navrh.

Pfi préci s inZenyrskogeologickym a geotechnickym modelem
je ucelné vzit na védomi nésledujici okolnosti. Pfi vytvareni inZe-
nyrskogeologického modelu se pracuje s nejistotami a s neuplny-
mi znalostmi o horninovém prostfedi, protoZe ani nejdokonalejsi
prizkum je nemiZe zcela postihnout. Proto je pfi jeho sestavo-
vani tfeba uplatinovat predev§im pravdépodobnostni pristup ke
zpracovavani nejistych informaci. To vyZzaduje pravé pfistup pfi-
rodovédny a teoretické znalosti souvisejici s porozuménim genezi
horninového prostiedi.

Naproti tomu cilem geotechnického (vypoctového) modelu
je byt vychozim zakladem pro navrh geotechnické konstrukce.
Tento navrh uz musi zpravidla vychazet z deterministickych po-
stupd. To znamend, Ze se vychdzi z né¢jakého vhodné zvoleného
algoritmu, popisujiciho vztah mezi zatiZenim a pfetvofenim sys-
tému konstrukce x hornina. Pfedpokladd se pfitom, Ze tento vztah
je dostatecné vystizny. To vSak, s ohledem na nejisté stanoveni
vlastnosti hornin, obvykle neni tplné pravda. Geotechnicky na-
vrh proto musi obsahovat fadu pojistek. Od obezretného navrhu
charakteristickych hodnot, pres systém soucinitel mezi charak-
teristickou a vyslednou navrhovou (vypoctovou) hodnotou. Uska-
li celého geotechnického navrhu spociva totiZ pravé ve zpusobu
,obezfetné” volby charakteristickych hodnot. Jinymi slovy, ve
zjednoduSeni inZenyrskogeologického modelu v model geotech-
nicky.

Pokud se v tomto klicovém bodé od sebe oba pfistupy, inZe-
nyrskogeologicky a geotechnicky, oddé€li a nebudou dostatecné
vzajemné provazané, bude existovat velké nebezpeci — bud kon-
zervativni hodnoceni na ,,jistotu nebo Spatny odhad pfi neopod-
statnéné odvazné volbé charakteristickych hodnot s nédsledkem
fatalnich chyb.

Pravé to jsou divody, proc je Zadouci, aby inZenyrskd geolo-
gie a geotechnika byly pfi pfipravé vstupnich dat pro navrh geo-
technickych konstrukci provazané a nebyly od sebe uméle od-
délovany. A také, aby geotechnické hodnoceni podle pozadavka
CSN EN 1997 bylo provadéno jiz v ramci hodnoceni priizkumu.

3.5 Praktické zasady pro tvorbu
inZenyrskogeologickych a geotechnickych Fezi

V névaznosti na koncept inZenyrskogeologického a geotechnic-
kého modelu by se sestrojovani inZenyrskogeologickych a geo-
technickych fezi mélo ridit ur¢itymi pravidly.

Predevsim se geotechnické modely, geotechnické fezy a navrhy
charakteristickych hodnot zpracovavaji diisledné jen pro ta mista,
ve kterych se pfedpoklada provedeni geotechnického navrhu ve
smyslu CSN EN 1997-1 a jen potud, pokud jsou pro jejich stano-
veni splnény podminky ve smyslu ¢l. 2.4.5.2 a 2.4.5.3 této normy.

Pritom plati, Ze jsou-li inZenyrskogeologické poméry jed-
noduché, geotechnickd konstrukce nendrocnd a geotechnické
riziko nizké, je mozZné pripustit obsahovou i formalni identitu
inZenyrskogeologického i geotechnického modelu a z toho také
inZenyrskogeologickych a geotechnickych fezii. V zahlavi fezii
vSak v takovém ptipadé musi byt tato identita vyslovné uvede-
né (InZenyrskogeologicky — Geotechnicky fez), a to jako zasad-
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the geotechnical model will be successful and that it will be a good
basis for geotechnical design.

When working with an engineering geological and geotechnical
model, it is useful to take into account the following circumstances:
When creating an engineering geological model, we work with
uncertainties and incomplete knowledge of the ground environment,
because even the most perfect investigation cannot completely
encompass them. Therefore, in compiling it, it is necessary to apply
a probabilistic approach to the processing of uncertain information.
This requires a natural scientific approach and theoretical knowledge
related to understanding the genesis of the ground environment.

On the other hand, the goal of the geotechnical (computational)
model is to be the initial basis for the design of a geotechnical
structure. As a rule, this proposal must already be based on
deterministic practices. This means that it is based on some suitably
chosen algorithm, describing the relationship between the load
and the deformation of the system of the structure x ground. It is
assumed that this relationship is sufficiently concise. However, this is
usually not entirely true given the uncertain determination of ground
properties. The geotechnical design must therefore include a number
of assurances. From the cautious design of characteristic values,
through the system of coefficients between the characteristic and
the resulting design (calculation) value. The drawback of the entire
geotechnical design lies precisely in the way of “cautious” selection
of characteristic values. In other words, in the simplification of the
engineering geological model into a geotechnical model.

If, at this key point, the two engineering geological and geo-
technical approaches separate from eych other, and are not sufficie-
ntly interlinked, there will be a great danger — either a conservative
assessment of “a safety approach” or a misjudgment of unreasonably
courageous choice of characteristic values resulting in fatal errors.

These are the reasons why it is desirable that engineering geology
and geotechnics be intertwined and not artificially separated from
each other when preparing input data for the design of geotechnical
structures. And also that the geotechnical evaluation according to
the requirements of CSN EN 1997 be performed already within the
investigation evaluation.

3.5 Practical principles for the creation of engineering
geological and geotechnical cross-sections

Following the concept of the engineering geological and
geotechnical model, the construction of engineering geological and
geotechnical cross-sections should follow certain rules.

In particular, geotechnical models, geotechnical cross-sections
and designs of characteristic values are processed consistently only
for those places where the execution of a geotechnical design in the
sense of CSN EN 1997-1 is assumed and only if the conditions for
their determination are met in the sense of Article 2.4.5.2. and 2.4.5.3
of that standard.

At the same time, if the engineering geological conditions are
simple, the geotechnical structure is modest and the geotechnical
risk is low, it is possible to accept the content and formal identity
of the engineering geological and geotechnical model, and by that
also of the engineering geological and geotechnical cross-sections.
However, in such a case, this identity must be explicitly stated in the
cross-section header (Engineering Geological — Geotechnical cross-
section), as essential information for the designers of the geotechnical
structure (structure designer). This is to avoid misunderstandings. In
such a case, however, the derived values must be stated separately in
the cross-section, ie not only the selected characteristic values.

If the leader of the investigation concludes that the derived and
characteristic value of each geotechnical (engineering geological
type) can be identical, he must explicitly state and justify it.



30. rocnik - €. 3/2021

ni informace pro zpracovatele navrhu geotechnické konstrukce
(projektanta stavby). To proto, aby nemohlo dojit k nedorozumé-
ni. V takovém piipad€ vSak musi byt samostatné v fezu uvede-
né i odvozené hodnoty, tedy nejen navrh hodnot charakteristic-
kych.

Pokud pfi ndvrhu charakteristické hodnoty dojde feSitel pru-
zkumu k zavéru, Ze odvozena i charakteristicka hodnota kazdého
geotechnického (inZenyrskogeologického) typu muZe byt identic-
ka, musi to vyslovné uvést a zdivodnit.

Ve zpravé o geotechnickém hodnoceni musi byt rovnéZ uvede-
né informace o tom, jak byly ndvrhy charakteristickych hodnot
podle &lankt 2.4.5.2 a 2.4.5.3 CSN EN 1997-1 stanovené a déle
také, jak jsou ve zpravé o prizkumu prezentované. Je jen na au-
torovi geotechnického navrhu, zda fesitelem prizkumu takto na-
vrzené charakteristické hodnoty prevezme, nebo si je prehodnoti.
I proto musi mit ve zpravé o prizkumu vzdy podklady pro jejich
pfipadnou evaluaci.

Pokud ucelem prizkumu neni ziskdni podklada pro navrh geo-
technické konstrukce podle CSN EN 1997, tak jako vystup po-
sta¢i inzenyrskogeologicky fez, a to na zdkladé komplexniho in-
Zenyrskogeologického modelu, pfipadné z n€j odvozené ucelové
inZenyrskogeologické fezy.

3.6 Opravnéni MZP pro provadéni priizkumii pro velké
inZenyrské stavby

Neuvadénou, avsak zjevnou, pfi¢inou vétSiny sport o technic-
kych postupech pfi provadéni a hodnoceni prizkumd, jsou rozdil-
né pohledy na pozadavky na odbornost pro fesitele a projektanty
prizkumi. Z jedné strany (zpravidla zastanci predstavy ¢. 1 viz
odst. 1.3) byva prosazovan nézor, Ze s odkazem na geologicky
zdkon a Vyhlasky MZP ¢&. 369 [9] a &. 206 [10] je pro projektanta
i fesitele prizkumu zcela dostate¢né pravé opravnéni MZP. Za-
stanci predstavy €. 3 viz odst. ¢. 1.3 argumentuji, Ze s ohledem na
nutnost geotechnického zhodnoceni vystuptl prizkumi ve smys-
lu CSN EN 1997 je to nedostate¢né, a kromé opravnéni MZP je
nutn4 i autorizace CKAIT v oboru Geotechnika.

Vyhlasky MZP ¢&. 206 a 369 a opravnéni MZP pro projektovani
a provadéni geologickych praci poZadavky, které mé na provade-
ni a hodnoceni geotechnického priizkumu CSN EN 1997-1 a -2,
vSak logicky neobsahuji. Proto projektanti prazkumi i jejich fesi-
telé musi mit kromé opravnéni MZP i autorizaci v oboru geotech-
nika.

4 SPECIFIKA PRl:lZ“KUMU PRO TUNELY, TECHNICKE
PODMINKY MD CR TP 76 C REVIZE 2020

V prib&hu let 2018 az 2020 probéhla z iniciativy RSD revize
TP 76 Geotechnicky prizkum pro pozemni komunikace. TP 76
jsou opét ¢lenéné na cast ,,A* — Zasady a zadéani inZenyrskogeo-
logického prizkumu, ¢ést ,,B* — Provadéni inZenyrskogeologic-
kého prizkumu a ¢ast ,,C* — InZenyrskogeologicky prizkum pro
tunely na pozemnich komunikacich. VSechny revidované cdsti
byly zadavatelem prevzaty koncem roku 2020. Zékladni zmény
vici dosud platné verzi TP 76 z roku 2007 jsou nasledujici:

Zadavatel pfedevsim, na ndvrh zpracovatelt ¢asti ,,A*“ a ,,B,
rozhodl o zméné nazvu TP 76 z ,,prizkumu geotechnického* na
~prazkum inZenyrskogeologicky®, a to s odkazem na geologic-
ky zakon. Soucasné vSak také odsouhlasil, Ze nutnou podminkou
zmény bude, Ze revidované TP 76 budou duasledné respektovat
CSN EN 1997-1 a CSN EN 1997-2, a to v&etné terminologie

The geotechnical evaluation report must also include information
on how the characteristic values according to Articles 2.4.5.2 and
2.4.5.3 of CSN EN 1997-1 were selected and also how they are
presented in the investigation report. It is up to the author of the
geotechnical design whether the he will take over the characteristic
values selected by the investigation leader or re-evaluate them. That
is why they must always have the base documents for their possible
evaluation in the investigation report.

If the purpose of the investigation is not to obtain data for the design
of a geotechnical structure according to CSN EN 1997, then an
engineering geological cross-section will suffice as an output, based
on a comprehensive engineering geological model, or purposeful
engineering geological cross-sections derived from it.

3.6 Authorization of the Ministry of the Environment to
carry out investigations for large civil engineering
works

The unspoken, but obvious, cause of most disputes over the
technical procedures for conducting and evaluating investigations
is differing views on the expertise requirements for investigation
leaders and designers. On the one hand (usually the proponents of

Approach no. 1, see paragraph 1.3), the opinion is tended that with

reference to the Geological Act and Decrees of the Ministry of the

Environment No. 369 [9] and No. 206 [10], authorization of the

Ministry of the Environment is sufficient for the designer and the

leader of investigation. Proponents of Approach No. 3 (see paragraph

1.3) argue that with regard to the need for geotechnical evaluation of

investigation outputs in the sense of CSN EN 1997, this is insufficient,

and in addition to the Ministry of the Environment’s authorization,

CKAIT authorization in the field of Geotechnics is required.

Decrees of the Ministry of the Environment No. 206 and 369
and the authorization of the Ministry of the Environment for the
design and execution of geological works, however, do not logically
contain the requirements for the implementation and evaluation
of geotechnical investigation CSN EN 1997-1 and -2. Therefore,
investigation designers and their leaders must have, in addition to the
authorization of the Ministry of the Environment, authorization in
the field of geotechnics.

4 INVESTIGATION SPECIFICATIONS FOR TUNNELS,
TECHNICAL CONDITIONS MD CR TP 76 C REVISION
2020

During the years 2018 to 2020, a revision of TP 76 Geotechnical
Investigation for Roads was carried out on the initiative of RSD. TP
76 are again divided into part “A” — Principles and assignments of
engineering geological investigation, part“B” — Implementation of
engineering geological investigation and part “C” — Engineering
geological investigation for tunnels on roads. All revised parts were
taken over by the contracting authority at the end of 2020. The basic
changes compared to the currently valid version of TP 76 from 2007
are as follows:

In particular, at the suggestion of the leaders of parts “A” and
“B”, the contracting authority decided to change the name of TP 76
from “geotechnical investigation” to ‘“engineering geological
investigation”, with reference to the Geological Act. At the same
time, however, the authority also agreed that a necessary condition
for the change will be that the revised TP 76 will strictly respect
CSN EN 1997-1 and CSN EN 1997-2, including terminology and
maintaining the geotechnical evaluation of ground properties in the
investigation report.

At the end of 2020, the text of Part “C” of TP 76 was taken over
by the contracting authority (RSD) in a state prepared and justified
by its leaders. However, some significant discrepancies remained
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a zachovani geotechnického hodnoceni vlastnosti hornin v ramci on the part of the leaders of Part “B”. (see previous paragraph 3 of
zpravy o pruzkumu. this paper). Their solution probably remains until the next meeting

Text &asti ,,C* TP 76 byl koncem roku 2020 zadavatelem (RSD) between the contracting authority of the revision (RSD) and the
Ministry of Transport of the Czech Republic.

Of the proposals promoted by the leaders of Part “C”, the overall
concept of TP 76 included mainly:

* Requiring a clear formulation of the objectives and outputs of

the investigation already in the design phase.

pfevzat ve stavu pfipraveném a zdiivodnéném jeho zpracovateli.
Ze strany zpracovatell ¢asti ,,B“ vSak zistaly i nadale nékteré
vyznamné rozpory, viz predchozi odst. 3 tohoto pfispévku. Jejich
vyfeseni zlstava zfejmé na dalS$im jednani mezi zadavatelem re-
vize (RSD) a MD CR.

Z navrht, prosazovanych fesiteli ¢asti ,,C“, bylo do celkové

koncepce TP 76 zahrnuto predevsim:

e Vyzadovani jednozna¢ného formulovani cila a vystupt pri-
zkumu uz ve fazi jeho projektovani.
Zdamerem bylo eliminovat vliv nabidkové ceny na priizkum jiz
v priibéhu vybérového Fizeni, v diisledcich vedouci k nemist-
nému sniZovdni rozsahu, komplexnosti a kvality. A zajistit tim
vyrazné vys$si uZitnou hodnotu priizkumu pro cilové uZivate-
le, tzn. pro projektanty. To predpoklddd i systémové nastaveni
lizké soucinnosti projektanta stavby s projektantem priizkumu.

Utinné podiizeni obsahu jednotlivych etap priizkumu jim
odpovidajicim fazim pfipravy projektové dokumentace stav-
by tak, aby pro kteroukoliv z nich poskytly vystupy dané eta-
py pruzkumu dostate¢né podklady pro ta klicova rozhodnuti,
ktera musi projektant stavby provést uz v prisluSném postup-
ném stadiu projektové piipravy.

U liniovych staveb se fada vyznamnych rozhodnuti musi uci-
nit jiz na zdkladé predbézného priizkumu, ktery je podkladem
pro tizemni rozhodnuti. To znamend, Ze napriklad v tom case
Jiz musi byt jasné umisténi hran zdrezii, pat ndsypu, celkovd
stabilita tizemi, vodni reZim a jeho pripadné naruSeni stav-
bou, vcetné opatreni k tomu, aby se tak nestalo atp.

Ué¢inny priibéZny autorsky dozor projektanta prizkumu nad
jeho provadénim, s moZznosti ho obsahové postupné pfizpl-
sobovat poznatkiim ziskdvanym v priibéhu praci.

Smyslem bylo dosdhnout co nejvy$siho moziného poméru

mezi mnoZstvim a kvalitou informaci priizkumem ziskanych
a (financnimi, casovymi) zdroji vloZenymi do priizkumu.
e Nastaveni systémovych pravidel zajiStujicich d¢innou a tr-
valou spolupraci mezi projektantem stavby, zpracovatelem
projektu prizkumu, fesitelem prizkumu a objednatelem pra-
zkumu.
Cilem bylo zajistit takové vystupy z priizkumu, které by plné
odpovidaly potrebdm projektantii a mély pro né maximdini
uZitnou hodnotu.
Vyrazné posileni principi osobni odpovédnosti a pravomoci
odpovédnych fyzickych osob jejich definovanim.
Jednoznacnd definice odpovédnosti  jednotlivych subjektit

Ucastnicich se na priprave, projektu, provddéni, dozoru nad
provddenim a kontrole priizkumu (zpracovatel projektu prii-
zkumu, autorsky dozor projektanta priizkumu, odborny dozor
zadavatele priizkumu, resitele priizkumu a projektanta stavby)
a jejich vzdjemné vymezeni, je prvnim predpokladem pro zvy-
Seni kvality priizkumu. Proto jsou tyto pravomoci podstatné
presnéji formulovdny, neZ v dosud platné verzi TP 76.

Dusledné propojeni geotechniky a inZenyrské geologie v ce-
1ém procesu provadéni a hodnoceni prizkumu. Tzn. prové-
zani pozadavkd na prizkum podle zikona ¢. 62/1988 Sb.,
o geologickych pracich, pozadavkit CSN EN 1997-1, CSN
EN 1997-2 a u tunelG rovnéZ pozadavkid Vyhlasky CBU

The intention was to eliminate the impact of the offer price on the
investigation already during the tender, with the consequences
leading to an undue reduction in scope, complexity and
quality. And thus ensure a significantly higher utility value of
the investigation for target users, ie. for designers. This also
presupposes the systemic setting of close cooperation between
the structure designer and the investigation designer.

Effective subordination of the content of individual stages of
the investigation to the corresponding stages of preparation of
project documentation of the construction so that for any of
them the outputs of the given stage of investigation provide
sufficient basis for the key decisions that the structure designer
must make at the appropriate stage of project preparation.

In the case of line structures, a number of important decisions
must already be made on the basis of a preliminary investigation,
which is the basis for the land-use decision. This means that, for
example, at that time the location of the edges of the excavation
cuts, the foot of the embankments, the overall stability of the
area, the water regime and its possible disturbance by the
construction must be clear, including measures to prevent this
from happening, etc.

Effective continuous author's supervision of the investigation
designer over its implementation, with the possibility of
gradually adapting its content to the knowledge gained during
the work.

The purpose was to achieve the highest possible ratio between
the quantity and quality of information obtained by the
investigation and the (financial, time) resources invested in the
investigation.

Setting system rules ensuring effective and permanent
cooperation between the structure designer, the investigation
contractor, the investigation leader and the investigation sponsor.
The aim was to ensure such investigation outputs that would
Jully meet the needs of designers and have the maximum utility
value for them.

Significant strengthening of the principles of personal
responsibility and authority of responsible individual persons
by defining them.

A clear definition of the responsibilities of individual entities
involved in the preparation, design, implementation, supervision
andimplementation of the investigation (investigation contractor,
author's supervision of the investigation designer, professional
supervision of the investigation sponsor, investigation leader and
structure designer) and their mutual definition is the prerequisite
to increase the quality of the investigation. Therefore, these
powers are formulated much more precisely than in the current
version of TP 76.

Consistent interconnection of geotechnics and engineering
geology throughout the investigation implementation and
evaluation process. l.e. interconnection of investigation
requirements pursuant to Act No. 62/1988 Coll. on geological
works, requirements of CSN EN 1997-1, CSN EN 1997-2
and in the case of tunnels also requirements of CBU Decree
No. 55/1996 Coll. [11] as well as the relevant implementing
decrees of the Building Act.
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¢. 55/1996 Sb. [11] i pfislusnych provadécich vyhlasek sta-
vebniho zdkona.

e Pro fyzické osoby, ve funkcich projektanta a feSitele prizku-
mu, povinnost byt (kromé opravnéni MD) souCasné drZite-
lem opravnéni MZP i autorizace udélované CKAIT pro obor
Geotechnika.

¢ Revidovand verze TP 76 C v kapitole 6.2 nové a velmi po-
drobné rozpracovava zasady pfipravy, projektovani a prova-
déni prizkumu prostfednictvim prizkumnych Stol, a to vcet-
né zkouSek a monitoringu.

Co se tyka obecnych zdsad provadéni technickych praci (mimo
prizkumné Stoly), inZenyrskogeologické dokumentace (mimo
prizkumnou Stolu) a obecnych zdsad zpracovavani zavérecnych
zprav a jejich ptiloh, odkazuji TP 76 ,,C* na TP 76 ,,A“, nebo
,,B*“. Kapitola 10.4 TP 76 ,,C* se nadto podrobné vénuje speci-
fikim hodnoceni prizkumnych praci pro tunel. V. TP 76 ,,C* je
dale kladeny dlraz zvlasté na:

e dtslednou aplikaci metodiky inZenyrskogeologickych a geo-
technickych modeld pfi zpracovavani projektu i vystupi pru-
zkumii;

e zohlednéni pozadavkl na hodnoceni vlastnosti hornin z hle-
diska pouZzivani tunelovacich stroju (kap. 10.4.2.6 Hodnoceni
technologickych vlastnosti hornin);

» zdiraznéni konceptu geotechnickych rizik a vytvoreni pred-
pokladu pro jejich vérohodnéjsi posouzeni pfi projektovani
a hodnoceni pruzkumu;

e provadéni a hodnoceni inZenyrskogeologické dokumentace
pfi razbé prazkumnych $tol (povinna Pfiloha €. 1).

Celkem maji revidované TP 76 ,,C* sto stran, vCetné Ctyf priloh:

e V pfiloze ¢. 1, povinné, byly nové zpracoviany pozadavky na
inzenyrskogeologickou dokumentaci ¢ela vyrubu pii razbé
prizkumnych $tol.

e V piiloze €. 2, informativni, je popsana Analyza geotechnic-
kych rizik expertni metodou (FMEA). Jde o nové téma, které
v dosud platné verzi TP 76 ,,C* z roku 2007 nebylo zapraco-
véano.

¢ Priloha ¢. 3, informativni, se vénuje ,,Zdkladni geotechnic-
ké zpraveé® pro fizeni rizik pfi razbé prizkumnych Stol. Toto
téma je ve verzi TP 76 ,,C* z roku 2007 soucasti textu.

e Piiloha ¢. 4, informativni, ma zarfazeny prehled doporuce-
nych tunelarskych klasifikaci.

5 ZAVER

Zakladni problém, ktery se vyostiil zavadénim CSN EN 1997,
spociva v tom, zda ma komplexni (geotechnicky, inZenyrskogeo-
logicky) prizkum ve 2. a 3. geotechnické kategorii obsahovat i
geotechnickd hodnoceni vrcholici ndvrhem charakteristickych
hodnot, anebo zda se maji takova geotechnickd hodnoceni zcela
ponechat na autorovi geotechnického navrhu. Argumenty proti
jsou pritom vznaseny ze dvou stran:

 Zasadni zastanci CSN EN 1997 jsou zpravidla toho ndzoru, Ze
inZenyrska geologie jako obor nema pro geotechnické hodno-
ceni dostatecné odborné predpoklady a zaroven néktefi z nich
trvaji na striktnim vykladu CSN EN 1997, kterd omezuje zpra-
vu o prizkumu na vymezeni litologickych fezd a stanoveni
odvozenych hodnot geotechnickych parametrii v nich.

« CastinZenyrskych geologii povaZuje geotechnické hodnoceni
prizkumu za nepiijatelnou komplikaci, spocivajici mimo jiné
v nutnosti zvysit si vlastni kvalifikaci v oblasti geotechniky.

¢ For individual persons, in the functions of designer and leader
of investigation, the obligation to be (in addition to the MD
authorization) at the same time the holder of the Ministry of
the Environment authorization and the authorization granted by
CKAIT for the field of Geotechnics.

* The revised version of TP 76 C in Chapter 6.2 newly and in
great detail elaborates the principles of preparation, design
and implementation of the investigation through exploratory
galleries, including tests and monitoring.

Regarding the general principles of technical work (except the
exploratory gallery), engineering geological documentation (outside
the exploratory gallery) and general principles of processing final
reports and their annexes, TP 76 “C” refers to TP 76 “A” or “B”.
Chapter 10.4 TP 76 “C” also deals in detail with the specifics of
the evaluation of investigation work for the tunnel. TP 76 “C” also
places particular emphasis on:

 consistent application of the methodology of engineering
geological and geotechnical models in the processing of the
project and investigation outputs;

* taking into account the requirements for the evaluation of ground
properties in terms of the use of tunneling machines (Chapter
10.4.2.6 Evaluation of technological properties of ground);

* emphasizing the concept of geotechnical risks and creating a
precondition for their more credible assessment in the design
and evaluation of the investigation;

* implementation and evaluation of engineering geological
documentation during the excavation of exploratory galleries
(mandatory Annex No. 1).

In total, the revised TP 76 “C” has one hundred pages, including
four appendices:

e In Annex No. I, mandatory, the requirements for engineering
geological documentation of the excavation front during the
excavation of exploratory galleries were newly elaborated.

* Annex No. 2, informative, describes the Analysis of Geotechnical
Risks by the Expert Method (FMEA). This is a new topic, which
was not incorporated in the still valid version of TP 76 “C” from
2007.

¢ Annex No. 3, informative, deals with the “Basic Geotechnical
Report” for risk management in the excavation of exploratory
galleries. This topic is part of the text in the 2007 version of
TP 76 “C”

e Annex No. 4, informative, has an overview of recommended
tunneling classifications.

5 CONCLUSION

The basic problem, which was exacerbated by the introduction
of CSN EN 1997, is whether the comprehensive (geotechnical,
engineering geological) investigation in the 2™ and 3™ geotechnical
categories should also include geotechnical evaluations culminating
in the design of characteristic values, or whether such geotechnical
evaluations should be left altogether. on the author of the geotechnical
design. The arguments against are raised from two sides:

* The main proponents of CSN EN 1997 are generally of the
opinion that engineering geology as a field does not have
sufficient professional prerequisites for geotechnical evaluation
and at the same time some of them insist on strict interpretation
of CSN EN 1997, which limits the investigation report to
defining lithological cross-sections and determining derived
values of geotechnical parameters in them.

e Some engineering geologists consider the geotechnical
evaluation of the investigation to be an unacceptable
complication, consisting, among other things, in the need to
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K tomu pfistupuje i obava z neidcelného zvyseni ndkladi na
prizkumy pro objekty v 1. geotechnické kategorii. Tam se
ovSem lze bez né&kterych pozadavki CSN EN 1997 obejit.
Poukazovat v této souvislosti na geologicky zdkon se jevi jen
jako zastupny argument.

Je ke $kodg& véci, Ze se v téchto argumentacich ztrici to, Ze v Ces-
ké republice (a diive v Ceskoslovensku) inZenyrskd geologie geo-
technickd hodnoceni vysledkt prizkumu vzdy pfirozené obsaho-
vala, a bylo to ocenlovano jako jeji velkd prednost. To, Ze v jinych
zemich (napf. ve Velké Britanii) je geotechnické hodnoceni vysled-
k@ prizkumu aZ nadstavbou, kterou provadi nésledné zpracovatel
geotechnického navrhu, neptedstavuje Zadnou vyhodu.

V CR by vyloudeni geotechnickych hodnoceni z pfedmétu in-
Zenyrské geologie znamenalo bezpochyby sniZeni jeji uZitné hod-
noty pro pfipravu i provadéni staveb. Zkusenost navic ukazuje, Ze
na takovy krok v CR nejsou pfipraveni ani projektanti (tj. autofi
geotechnickych ndvrhil) ani investofi. Byl by to jen dalsi krok
vedouci k degradaci kvality prizkumu.

Zékladni otdzkou, na kterou si dnes musi celd odborna verej-
nost, a to nejen inZenyrsti geologové a geotechnici, ale i projek-
tanti, investofi a zadavatelé staveb odpovédét, tedy je:

e Ma se podlehnout tlakim na oddéleni geotechnického hod-

noceni prizkumu od inZenyrské geologie a svéfit geotech-

nickd hodnoceni jen autortm geotechnickych navrhia? Od-
mitnout tak u nas osvédceny, Zarubou a Menclem zavedeny

pristup charakteristicky pro ¢eskou a slovenskou inzenyrskou
geologii, a pfipustit vSechny s tim spojené negativni dasled-
ky vedouci ke snizeni uzitné hodnoty prazkumut?

e Nebo podniknout kroky k tomu, aby zlstal zachovany tradic-
ni osvédceny zpusob providéni inZenyrské geologie a geo-

techniky, s jednozna¢nymi vyhodami v porovnani s odliSnym
trendem, ktery se zaCind prosazovat?
Obé existujici moZnosti by vSak piedtim mély byt peclivé pro-
diskutovany a zvaZeny celou odbornou verejnosti. A az poté by
mélo byt zvoleno optimdlni feSeni.
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increase their own qualification in the field of geotechnics. This
is followed by the fear of an ineffective increase in the cost of
investigations for objects in the 1st geotechnical category. There,
however, it is possible to go without some of the requirements of
CSN EN 1997. To point out the Geological Law in this context
seems to be only a surrogate argument.

It is to the detriment of the fact that in these arguments it is lost that
in the Czech Republic (and earlier in Czechoslovakia) engineering
geology has always naturally included geotechnical evaluations
of investigation results, and this was appreciated as its great
advantage. The fact that in other countries (eg the United Kingdom)
the geotechnical evaluation of the investigation results is only an
extension carried out by the geotechnical design contractor does not
constitute an advantage.

In the Czech Republic, the exclusion of geotechnical evaluations
from the subject of engineering geology would undoubtedly mean
a reduction in its useful value for the preparation and execution of
constructions. In addition, experience shows that neither designers
(ie authors of geotechnical designs) nor investors are ready for such
a step in our country. It would be just another step towards degrading
the quality of the investigation.

The basic question that today the entire professional public, not
only engineering geologists and geotechnicians, but also designers,
investors and contractors, must answer is:

e Should the pressures on the separation of the geotechnical
evaluation of the investigation from engineering geology be
succumbed and entrust geotechnical evaluations only to the
authors of geotechnical designs? To reject the proven approach
characteristic of Czech and Slovak engineering geology,
introduced by Zéaruba and Mencl, and to admit all the associated
negative consequences leading to a reduction in the utility value
of investigations?

e Or take steps to maintain the traditional best practice of

engineering geology and geotechnics, with clear advantages
over the different trend that is beginning to take hold?

However, both existing options should be carefully discussed and
considered by the whole professional community beforehand. And
only then the optimal solution should be chosen.

doc. Ing. ALEXANDR ROZSYPAL, CSc.,
alexandr.rozsypal@gmail.com,

doc. Ing. VLADISLAV HORAK, CSc.,
horak.vi@fce.vutbr.cz
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REALIZACE VODOVODNI SHYBKY POMOCI TECHNOLOGIE
MIKROTUNELOVANI
CONSTRUCTION OF WATER-SUPPLY INVERTED SIPHON USING
MICROTUNNELLING TECHNIQUE

JAN BRABEC, LADISLAV SOMMER, RICHARD SCHEJBAL

ABSTRAKT

Cilem cldnku je shrnuti informaci a poznatkii ziskanych ze stavby ,, Obristvi — rekonstrukce vodovodni shybky“, kterou spolecnost
HYDROTECHNIK PRAHA spol. s r.o. provddéla pomoct technologie mikrotunelovdni. Spolecnost se bezvykopovymi technologiemi zabyvd
nepretrZité od roku 1991 a konkrétné technologii mikrotuneldze od roku 2018. V iivodu ¢ldanku jsou popsdny vSeobecné tidaje o stavbé shyb-
ky. Projektovd priprava a geologicky priizkum jsou uvedeny ve druhé cdsti. Ddle je strucné popsdna vystavba stavebnich Sachet pro pro-
tlaky. Vyznamnou cdst Cldanku tvori zdkladni popis technologie mikrotunelovdni. Realizace miktunelovdni ocelovych chrdnicek DN 1200,
kterd byla provddéna na zacdtku letoSniho roku, je popsdna v zdvérecné cCdsti.

ABSTRACT

The objective of the article is to summarize the information and knowledge obtained from the construction “Obristvi — reconstruction of
the water supply system”, which the company of HYDROTECHNIK PRAHA spol. s r.o. carried out using microtunnelling technique. The
company has been dealing with trenchless technologies continuously since 1991 and, specifically with microtunnelling technique, since
2018. The general data on the construction of the inverted siphon is described in the introduction of the article. The information about
the design preparation and geological survey is presented in the second part. The construction of shafts for pipejacking purposes is also
briefly described. An important part of the article is a basic description of the microtunnelling technique. The microtunnelling procedure

for installation of steel casing pipes DN 1200, which was carried out at the beginning of this year, is described in the final part.

1. VSEOBECNE UDAJE O STAVBE

Vodovodni shybka pod fekou Labe v blizkosti obce Obiistvi je
soucasti patetniho fadu Hostin — Dolany, ktery je jednim ze zéklad-
nich prvka skupinového vodovodu KSKM (Kladno — Slany — Kra-
lupy — Mélnik). Stavajici dvouramenna shybka DN 800 se nachazi
v fiénim km 844,8. Ve sméru toku se v fi¢nim km 843,5 nachazi
zdymadlo a jezova zdrz vodniho dila Obfistvi. Jez udrzuje hladinu
na koété 158,89 m. n m. (BpV — Balt po vyrovnéni), v zavislosti
na pritoku umoZziuje kolisani hladiny v rozmezi od —50 cm do
+20 cm. V lokalit€ shybky se kota dna feky pohybuje v rozmezi od
153,90 m n. m. do 154,70 m n. m. (obr. 1).

Reka Labe v tomto tseku je zafazena mezi sledované — doprav-
né vyznamné — vodni cesty. Dulezitym faktorem ovliviiujicim re-
alizaci stavby je jeji poloha, stavba zasahuje na pravém biehu do
evropsky vyznamné lokality Upor — Cerninovsko, ve které jsou
pfedmétem ochrany zejména rozsahlé luZni lesy, na levém brehu je
regiondln{ biocentrum Upor — Kelské louky. Pozemky na obou bre-
zich této feky lze oznacit jako nezastavéné uzemi. Jedinymi objek-
ty, které se zde na obou bfezich vyskytuji, jsou armaturni komory
stavajici vodovodni shybky.

Obé vétve plivodni shybky byly vybudovany z ocelového potru-
bi profilu 820x 14 mm v celkové délce 132 m. Trouby byly od
sebe osové vzdaleny 1,5 m a vzdjemné propojeny zavétrovanim.
Potrubi bylo uloZeno do oteviené ryhy ve dné, obsyp byl proveden
Stérkopiskem, pode dnem feky jsou nad troubami poloZeny Zele-
zobetonové panely. Potrubi jsou vzhledem k jejich stafi i zptisobu
provedeni ve Spatném technickém stavu, protivodni z obou vétvi je
jiz delsi dobu nefunk¢ni.

Nova vodovodni shybka byla navrZena vzhledem ke zptsobu re-
konstrukce mimo trasu stavajici shybky. Oba nové potrubni tseky
budou napojeny na stavajici armaturni komory, jejichZ vystrojeni
bylo nedavno zrekonstruovano. Rekonstruovana vodovodni shybka

1. GENERAL DATA ON CONSTRUCTION

The water-supply inverted siphon under the Elbe River near
the municipality of Obfistvi is part of the Hostin — Dolany
arterial pipeline, which is one of the basic elements of the KSKM
(Kladno — Slany — Kralupy — Mélnik) group water supply system.
The existing two-arm inverted siphon DN 800 is located at the
river chainage km 844.8. In the direction of the flow, in the river
chainage km 843.5, there is a lock chamber and a weir reservoir
of the Obfistvi waterworks. The weir keeps the level at 158.89m
a.s.l. (Baltic Vertical Datum — after Adjustment); depending on the
flow rate, it allows the level to fluctuate in the range from -50cm
to +20cm. In the inverted siphon locality, the elevation of the river
bottom ranges from 153.90m a.s.1. to 154.70m a.s.I. (see Fig. 1).

The river Elbe in this section is included among the monitored
waterways important for water transportation. An important factor
influencing the construction work is its location — the construction
extends on the right bank to the European important locality Upor
— Cerninovsko, where large floodplain forests are the subject of
protection; the regional biocentre Upor — Kelské Louky is on the
left bank. Land on both banks of this river can be described as
undeveloped. The only objects that occur here on both banks are
the valve chambers of the existing water-supply inverted siphon.

Both branches of the original inverted siphon were built from
an 820x 14mm profile steel pipe at a total length of 132m. The
axes of the pipes were spaced 1.5m apart and the pipes were
interconnected by bracing. The pipeline was lowered on the bottom
of an open trench. It was packed by gravel sand. Under the bottom
of the river, reinforced concrete panels are laid above the pipes.
Due to its age and the way it was carried out, the pipelines are in
poor technical condition; the flood protection of both branches has
been non-functional already for a long time.
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Obr. 1 Mapa oblasti a podrobnd situace stavby
Fig. 1 Map of the area and detailed construction layout

v plném rozsahu prevezme funkci stavajici stavby, jejiz nevyhovu-
jici soucasny technicky stav je divodem k jejimu tplnému odsta-
veni. Shybka ziistane i po rekonstrukci feSena ve dvouramenném
provedeni.

2. PROJEKTOVA PRIPRAVA SOUVISEJICI S NAVRZENOU
TECHNOLOGII

V ramci projektové pripravy stavby, ktera probihala v letech
2015-2017, bylo rozhodnuto o pouZiti technologie mikrotunelo-
vani zejména s ohledem na vyznam vodni cesty na Labi v tomto
useku, ale téZ 1 na ochranu cennych biotopli na obou biezich feky.
Zasadnim pozadavkem pritom bylo trvalé zachovani provozu pi-
vodni shybky po celou dobu vystavby jen s kratkodobymi vyluka-
mi pro propojeni novych potrubi se stavajicimi.

Jako podklad pro piipravu stavby byl kromé dal§ich prazkumua
proveden i inZenyrskogeologicky prizkum. V ramci prizkum-
nych praci byly provedeny Ctyfi vrty hluboké 12 m, k dispozici

zdroj: R. Schejbal  source: R. Schejbal

The new water supply inverted siphon was designed with respect
to the method of reconstruction to be outside the route of the
existing pipeline. Both new pipeline sections will be connected to
the existing valve chambers, the equipment of which has recently
been reconstructed. The reconstructed water-supply inverted
siphon will fully take over the function of the existing system, the
unsatisfactory current technical condition of which is the reason for
its complete removal from service. The inverted siphon will remain
solved in the two-arm design even after the reconstruction.

2. DESIGN PREPARATION CONNECTED
WITH THE PROPOSED TECHNIQUE

Within the framework of the design preparation of the
construction, which took place in 2015-2017, it was decided to
use microtunnelling technique, especially with regard to the
importance of the Elbe waterway in this section, but also with
the objective to protect valuable habitats on both banks. The
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Obr. 3 Ndvrh vystrojeni pravobiezni startovaci Sachty
Fig. 3 Design for stabilisation of right-bank launching shaft

byly i popisy archivnich vrtit hloubky 6-8 m z roku 1966. Dopl-
nujici geofyzikédlni prizkum sledoval geologickou stavbu v pro-
storu pode dnem feky, pouZito bylo multielektrodové sondovéani
ve varianté pro méfeni pod vodni hladinou a métfeni georadarem.
Pfi bazi kvartérnich fluvidlnich vrstev nebyly prizkumem zjiste-
ny balvanité polohy, hrubozrnné sedimenty byly hodnoceny jako
drobné az stfedné hrubé, coZ v kombinaci s jejich zvodnénim in-
dikuje nebezpeci jejich priniku do prostoru stavebnich jam. Pod-
loZi je tvofeno kiidovymi horninami slin a slinovct narusenych
zvétranim, v zdsadé se jedna o horninové prostfedi charakteru
sttedné aZ vysoce plastického jilu a jilu Stérkovitého (CG) pevné
konzistence.

zdroj: R. Schejbal  source: R. Schejbal

fundamental requirement was for the uninterrupted keeping of
the original inverted siphon in service throughout the construction
period, with only short-term closures for the connection of the new
pipelines to the existing ones.

Engineering geological survey was also carried out in addition
to other surveys, as a basis for the preparation of the construction.
As part of the exploration, four borehole wells 12m deep were
carried out; descriptions of archival wells 6-8m deep from 1966
were also available. Complementary geophysical survey monitored
the geological structure in the area under the river bottom. Multi-
electrode sounding in the variant for measurements below the water
surface and ground penetrating radar measurements were used. At
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Vysledky inZenyrskogeologického prizkumu (IGP) potvrdily the base of the Quaternary fluvial layers, no bouldery layers were

moznost navrhnout v daném prostfedi pouziti technologie mikro- found by the survey; coarse-grained sediments were assessed as
tunelovani. Na zdkladé konzultaci s odborniky z fad realizacnich small to medium coarse ones, which in combination with their
firem byly navrZzeny zédkladni prvky stavby souvisejici s uvazova- saturation with water indicates the danger of their penetration

nym mikrotunelovanim — trasa obou vétvi potrubi co do polohy into the area of construction pits. The underlyer is formed by
i podélného profilu (obr. 2), startovaci a koncova Sachta s rozméry Cretaceous rock types, marl and marlite, disturbed by weathering;

prizpisobenymi technologii a konecné i vlastni ocelova chranicka. it is basically a rock environment with the character of medium to
Sachty na obou biezich byly navrzeny paZené §tétovnicemi se | highly plastic clay and gravelly clay (CG) of hard consistency.
soustavou rozpérnych ramu (obr. 3). Pro ndvrh zajisténi Sachet byl The results of the engineering geological survey (EGS) confirmed
proveden vypocet pomoci programu GEO (verze 2017). Vlastni the possibility to design the use the microtunnelling technique for
chranicka byla navrZena z ocelovych trubek 1220x 12,5 mm a po- the given environment. Based on consultations with experts from
souzena pomoci vypocetniho programu RIBgeo DURO 16.0. Ve vy- the construction contractors, the basic elements of the construction
poctu byly zohlednény jak pticné silové ucinky na potrubni prstenec, associated with the microtunnelling being under consideration were
tak maximdlni tla¢na sila v navrhové situaci pfi realizaci. designed — the location and longitudinal profile of the route of both

o B . branches of the pipeline (see Fig. 2), the launching and receiving
3. VYBUDOVANI STAVEBNICH SACHET PRO PROVEDENI shaft with dimensions adapted to the technique and finally also the

PROTLAKU steel casing pipe itself.

Stavba byla zahdjena pracemi na vybudovani startovaci Sachty Sheet piles with a system of bracing frames (see Fig. 3) were
(6,5%8,3 m) a koncové Sachty (5x5 m) pro provedeni protlaki designed for the shafts on both banks. For the design of the shaft
1. a 2. ramene shybky. excavation support, a calculation was performed using the GEO

Jemnozrnné horniny charakteru jilovitych zemin pevné konzi- program (version 2017). The casing pipe itself was designed to
stence Casto kladou pfi beranéni $tétovnic takovy odpor, Ze pro- be from steel tubes 1220x 12.5mm and was assessed using the
vadéni paZeni stavebnich jam timto zplisobem mohou aZ zne- computer program RIBgeo DURO 16.0. The calculation took into

moZnit. Proto bylo navrzeno predvrtani pred beranénim. Predvrty account both the transverse force effects on the pipe ring and the
byly provedeny vrtnou soupravou SOILMEC o priméru 900 mm maximum thrusting force in the situation of the project during
po celém obvodu jam do hloubky cca 15 m pro startovaci jamu construction.
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Pro tésnéni Celnich stén obou Sachet priléhajicich k toku
Labe byly provedeny stény z pilifa tryskové injektaze priméru
D =900 mm s piekryvem 1/3 D. Vzhledem k prasakiim pfi zahdje-
ni vrtani protlaku prvniho ramene byla nasledné celni sté€na u star-
tovaci Sachty dotésnéna druhou fadou tryskové injektaze.

4. ZAKLADNI POPIS RIZENE BEZVYKOPOVE
TECHNOLOGIE - MIKROTUNELOVANI

Mikrotunelovani, nebo téZ mikrotuneldz, je plné mechanizovana,
fiditelna a dilkové ovladana metoda protlacovani podzemnich ve-
deni raznych profilt (obr. 4). Mikrotunelovani umoziiuje instalovat
podzemni vedeni pfesné do poZadované trasy a v piipadé potieby
vyrovnat vzniklé smérové a vyskové odchylky. Trouby se vkladaji
postupné za razici §tit a jsou zatlaCovany tlaCnym zafizenim umis-
ténym ve startovaci Sachté. Tlacné sily se prendsSeji do opérného
bloku. Tyto sily jsou pfedem navrZené a v ptipadé€ potieby vétSich
tla¢nych sil jsou vlozeny mezitlacné stanice. Razici Stity jsou vzdy
uzptisobeny pro konkrétni geologické podminky, materidl potru-
bi, hladinu podzemni vody aj. Materidly vhodné pro protlacovani
jsou Zelezobeton, kamenina, ocel, sklolamindt a v posledni dobé
polymerbeton. Jedna se o jednu z nejrychleji se rozvijejicich me-
tod ukladéani inZenyrskych siti, kterd je perspektivni pro pouZiti ve
vét§iné zemnich prostiedi. MoZnost pouZiti je pro profily DN 250
az DN 4000. [1,3,4,5]

S ohledem na normu CSN EN 12889 [2] lze mikrotunelovéni
zatadit mezi fizenou metodu razby bez obsluhy. Mezi jeho nejpo-
uzivanéjsi typy patii:

¢ mikrotunelovani se Snekovym dopravnikem — kontinuélni do-
prava vytézené zeminy Snekovym dopravnikem;
mikrotunelovani systémem EPB (earth pressure ballance) —
vytéZend zemina zlstava v blizkosti fezné hlavy, slouzi jako
kompenzace tlaku vnéjs$iho prostfedi a teprve poté je odtézo-
véana opét Snekovym dopravnikem,;
mikrotunelovéni s hydraulickym odstraiiovanim zeminy — vy-
téZend zemina je dopravovana hydraulickym systémem na po-
vrch, kde je nasledné odstraiiovdna z vyplachu na separacni
jednotce (nejvice vyuzivana metoda).

Princip metody mikrotunelovani s hydraulickym odstratiovanim
zeminy spociva v fizeném zatlaCovani trub ze startovaci Sachty
do cilové Sachty. Na Cele razby je mechanizovany §tit s vlastim
drticem, ktery je doplnén navadécim systémem a systémem hyd-
raulického odtézovani. Jedna se o cyklicky proces, ktery dalkové
tidi operator z fidici kabiny. Mikrotunelovaci systém sestava z péti
nasledujicich komponenti:

» Razici §tit — rotujici fezna hlava rozpojuje zeminu mechanicky.
Rotace hlavy je umoznéna v obou smérech a rychlost otaceni
se v zéavislosti na priméru stroje pohybuje cca od 2 do 44 oté-
¢ek za minutu. Zpétny chod se uplatiiuje pii pfechodu pies
slozitou prekdzku nebo v pripadé slozZitych geologickych pod-
minek. Zemina vytéZena na Cele razby je vytlacena skrze malé
otvory do misici komory umisténé za drti¢em. Hlavnimi funk-
cemi této komory je smichdni zeminy s Cistou vyplachovou
smési (nejCastéji bentonitova suspenze, tj. bentonit s vodou
a dalSimi prisadami) a zajiSténi neustalé rovnovahy s tlakovym
pusobenim podzemni vody a zeminy na ¢elbé. Prakticky je tak
zajisténa aktivni tlakova podpora Celby i ve sloZitych geologic-
kych podminkach. Tim jsou eliminovany nezadouci vlivy jako
sedani, kavernovani, privaly vod apod. KdyZ se vyplachova
smés a zemina promisi a dosdhne urcité cerpatelné konzisten-
ce, tak je tato smés hydraulicky transportovana na separacni
jednotku. [3,4]

3. CONSTRUCTION OF SHAFTS FOR PIPE JACKING

The work started by the construction of the launching shaft
(6.5x8.3m) and the receiving shaft (5x5m) for the execution of
the pipejacks for the 1%and 2™ inverted siphon arms.

Fine-grained rock types of character of clayey soils with hard
consistency often put up such resistance when driving sheet piles
in that they can make the application of sheet piling to construction
pits impossible. For that reason pre-boring before driving the
sheet piles in was designed. The pre-bored holes were carried
out using a SOILMEC rig, 900mm in diameter, around the whole
shaft diameter, to the depths of 15m and 13m for the launching
and receiving pits, respectively. VL. 604 600/400 mm sheet piles
were driven into the pre-bored holes up to the hard underlayer with
an ICE 18RF vibrating hammer installed on a Liebherr 30 mobile
crane, supplemented by the final hammering of some sheet piles
with an impact hammer.

Subsequently, the excavation of shafts began in a mining-like way
according to the Decree of the Czech Bureau of Mines (CBM) 55/1996
Coll. (in the current version) with simultaneous installation of shaft
excavation support. An external starting suspension frame made from
I 300 profiles was installed on concrete foundations. The soil inside
the sheeting was loosened and excavated manually and using small
equipment, with vertical transport of the soil in a mining skip and
gradual installation of bracing frames during the excavation to the
depths according to the design. The individual frames No. 1-7 from
H 450 steel sections were suspended gradually from top to bottom
from the preceding frame by tie rods and were connected with each
other by bolted joints. In the corners they were supplemented with
struts welded to the frames at an angle of 45°. The gaps between the
frames and the sheet piles were finally sealed with wooden wedges.

Access to the shafts was provided by ladders in the manway
compartment. The bottom of the shafts was provided with a
reinforced concrete slab 400mm thick, on a gravel sub-base,
reinforced around the perimeter with a frame made from HEB 240
steel sections, approximately at depths of 10.5m and 11.5m at the
receiving shaft and the launching shaft, respectively.

To seal the front walls of both shafts adjacent to the river Elbe,
walls were formed by jet grouted pillars with a diameter of D =
900mm, with an overlap of 1/3 D. Due to the leaks at the start of
drilling for the first arm of the pipejack, the sealing of the front wall
at the launching shaft was subsequently improved by a second row
of jet grouting.

4. BASIC DESCRIPTION OF THE GUIDED TRENCHLESS
TECHNIQUE - MICROTUNNELLING

Microtunnelling is a fully mechanised, guided and remotely
controlled method of jacking underground pipelines of various
profiles (see Fig. 4). Microtunnelling makes it possible to install
underground lines exactly on the required route and, if necessary,
to compensate for directional and altimetric deviations. The tubes
are inserted one after the other behind the tunnelling shield and are
pushed by a thrust machine located in the launching shaft. Thrust
forces are transmitted to the backstop. These forces are pre-designed
and, if larger thrust forces are required, intermediate thrust stations
are inserted. Tunnelling shields are always adapted to specific
geological conditions, pipeline material, water table, etc. Materials
suitable for pipejacking are reinforced concrete, stoneware, steel,
fibreglass plastic and, more recently, polymer concrete. It is one of
the fastest developing methods of placing engineering networks,
which is promising for the use in most of ground environments. It
can be used for profiles DN 250 to DN 4000 [1, 3, 4, 5].
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e Tlacny systém — tlacny systém sestava z tlacného ramu a hyd-
raulickych pistd. Tlacna sila se pohybuje priblizné mezi
1000-10000 kN. Je urena mnoha faktory — délkou a profilem
mikrotuneldZe, typem a mnozstvim pouzité lubrika¢ni smési,
velikosti nadvyrubu (prostor mezi strojem a okolni zeminou),
korekcemi sméru, vlastnostmi protlac¢ované trouby a vlast-
nostmi zemniho prostfedi. Typ tla¢ného systému (tlacny ram,
teleskopické pisty) a jeho velikost urcuji dva hlavni faktory —
celkova sila hydraulického tlaku a mira penetrace trouby. Tyto
dva hlavni faktory jsou velmi ddleZité pro kontrolu zpétné sily
raziciho stroje (tj. tla¢né sily, kterou je nutné vyvinout hydrau-
lickymi lisy k zajiSténi optimdlniho pfitlaku na celb€). Z toho
divodu jsou neustdle zaznamenavany. [3, 4]

* Systém vyplachu — zemina se misi ve smés v misici komo-
fe za drtiCem. Tato smés materidlu je nasledné transportova-
na pomoci trubek pro odvedeni vyplachu (slurry trubky) na
separacni jednotku. Tento systém je uzavieny, umoziuje do
jisté miry recyklovat vyplachovou smés. Rychlost pfivedeni
a odvedeni vyplachu a jednotlivé tlaky jsou zaznamendvéany
aregulovany velmi opatrné, kvili dosaZeni jiZ zminéného tla-
ku v misici komote, ktery ptsobi proti tlaku podzemni vody
a zemnimu tlaku. Spoje tunelovaciho stroje jsou vodotés-
né a zamezuji tak praniku vody dovnitf stroje. Na separacni
jednotce se oddé€luji pevné Castice z vyplachové smési vetsi
nez 30 um. Mensi jilovité Castice lze separovat pomoci pii-
davného zafizeni, tzv. centrifugy. Jiz Cista vyplachova smés
prepada do sedimenta¢ni nadrZze (umisténa v rdmci kontejne-
ru separacni jednotky) a déle se vraci zpét skrze recirkulacni
systém. [4, 5]

» Navédéci a fidici systém — jako navadéci systém je nejCastéji
pouzivan laser. Ten dava piesné smérové i vySkové informace
o umisténi instalované trouby. Laserovy paprsek je vysilan ze
startovaci Sachty smérem na laserovy ter¢, umistény na zadni
strané raziciho $titu. Data jsou nésledné pomoci datového ka-
belu pfendsena do fidici kabiny. Ridici kabina obvykle obsa-
huje kontrolni panel, pocitac a dalsi vybaveni, které je nutné
pro hlavni operace (fizeni stroje a tlaného ramu, smér a rych-
lost vrtné hlavy, mnoZstvi lubrikantu a dalsi). [4, 5]

 Protlacovana trouba — trouby pro protlac¢ovani musi mit kru-
hovy tvar, mit hladky a jednotny povrch, spoje musi byt vo-
dotésné a umoziovat jednoduché napojeni trub. Trouby jsou
navrzeny tak, aby byly schopné prenést maximdlni tlatnou
silu a soucasné pficné plsobici zemni/horninové tlaky okol-
niho prostfedi. Materidly poZivané pro protlacovani byly jiz
zminény vyse. [4]

5. REALIZACE MIKROTUNELOVANI OCELOVYCH
CHRANICEK DN 1200

PFipravna faze

Samotné realizaci pfedchazela dikladnd, témét palrocni pfipra-
va. Vzhledem k predpoklddanému vyskytu plastickych jila byla
k separa¢ni jednotce pridana sedimentacni nadrz. Tim se zdvoj-
nasobila zdsoba vrtné vyplachové smési téméf na 60 m* a doba
mezi vyménou vrtné smési byla prodlouzena. Znehodnocena vrt-
na smés byla vzdy preCerpana do pridavnych sedimentacni nadr-
Zi a poté postupné odvazena fekdlnim vozem na skladku. Z toho
dtivodu bylo nutné zajistit cisternovy kontejner a dalsi dvé nadrze.
Dale byl z lodnich kontejnert vyroben sklad na néradi, sklad na
pohonné hmoty a tunelové vedeni. Tla¢ny ram ve vlastnictvi zho-
tovitele je navrzen pro protlacovani max. 3 m dlouhych trub. Na
stavbé v Obfistvi se uvaZovalo s protlacovanim 6 m dlouhych trub.
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With respect to the CSN EN 12889 standard [2], microtunnelling
can be included among the controlled methods of tunnelling
without operator. Its most frequently used types include:

* microtunnelling with a screw conveyor — continuous transport

of excavated muck by a screw conveyor;

e microtunnelling using the EPB (Earth Pressure Balance)
system — the excavated muck remains close to the cutter
head, serves as compensation for the pressure induced by the
external environment and only then it is removed again by a
SCrew conveyor;

* microtunnelling with hydraulic removal of muck - the
excavated muck is transported by a hydraulic system to the
surface, where it is subsequently desilted in the drilling mud
recycling facility (the most frequently used method).

The principle of the microtunnelling method with hydraulic
removal of earth lies in the controlled thrusting of the pipes from
the launching shaft into the receiving shaft. At the excavation
face, there is a mechanised shield with its own crusher, which is
complemented by a guidance system and a hydraulic mucking
out system. It is a cyclic process that is remotely controlled by
an operator from the control cabin. The microtunnelling system
consists of the following five components:

* Tunnelling shield — rotating cutting head disintegrates the
earth mechanically. Rotation of the head is possible in both
directions and the rate of rotation varies from about 2 to 44
revolutions per minute, depending on the diameter of the
machine. Reversing is applied when crossing a complex
obstacle or in the case of complicated geological conditions.
The earth excavated at the excavation face is forced through
small holes into the mixing chamber located behind the
crusher of coarse gravel and stones. The main functions of this
chamber are to mix the earth with a clean flushing mixture
(most frequently bentonite suspension, i.e. bentonite with
water and other additives) and ensure a constant balance with
the pressure of groundwater and earth on the face. In practice,
this ensures active pressure support of the face even in difficult
geological conditions. This eliminates adverse effects such as
settlement, caverning, water overflows, etc. When the flushing
mixture and earth are mixed and reach a certain pumpable
consistency, the mixture is hydraulically transported to the
flush recycling facility. [3, 4]

 Jacking system — the jacking system consists of a jacking frame
and hydraulic pistons. The jacking force ranges approximately
from 1000 to 10000kN. It is determined by many factors —
the microtunnelling length and profile, the type and amount of
lubricating mixture used, the size of the overcut (space between
the machine and the surrounding earth), directional corrections,
properties of the pipe being jacked and the characteristics of
the earth environment. The type of the jacking system (jacking
frame, telescopic pistons) and its size are determined by two
main factors — the total force of the hydraulic pressure and
the pipe penetration rate (PR). These two main factors are
very important for controlling the return-preventing force of
the tunnelling machine (i.e. the thrust that must be exerted by
the hydraulic presses to ensure optimal thrust at the excavation
face). For this reason, they are constantly recorded. [3, 4]

* Flushing system — the earth is mixed to form a mixture in a
mixing chamber behind the crusher. This mixture of material
is then transported through slurry pipes to the separation
unit. This system is closed, allowing to a certain extent the
recyclability of the flushing mixture. The rate of supplying
and evacuating the flushing mixture and the individual



30. rocnik - €. 3/2021

N zdroj: J. Brabec wurce:./. Brabec
Obr. 5 Tlacny mezikus (spacer) pouZity pri protlacovdni
Fig. 5 Intermediate jacking piece (spacer) used in pipejacking

Proto byl dopredu vyroben tlacny mezikus (tzv. spacer, obr. 5), kte-
ry se do tlacného ramu vkladal vzdy po zatlaceni 3 m a pokracovalo
se v protlacovani. V neposledni fadé probéhlo odzkouseni a servis
jednotlivych komponentl strojniho vybaveni. Firma HERREN-
KNECHT dodala specialni ocelovou desku s gumovym té€snénim
do startovaci Sachty a kloubovy spoj s tésnénim, ktery slouzil pro
spojeni back-up roury (pomocna roura, cca 2,5 m dlouhd, umoz-
Hujici pruzny spoj mezi strojem a trubkami na vrtnou vyplacho-
vou suspenzi) s prvni ocelovou troubou. Tento spoj umoznil ope-
ratorovi lepsi fizeni stroje. Déle bylo na razici Stit AVNSO0XC-A
instalovano rozsifeni a byl osazen vétsi feznou hlavou. Tim doslo
ke zvétseni vrtaného priméru z 1140 mm na 1348 mm.

Dne 21. 1. 2021 objednatel, firma Subterra a.s., predal zafi-
zeni staveniSté. V prvni fazi doslo ke zpevilovani terénu v okoli
jiz vybudované startovaci Sachty betonovym recyklitem a na-
sledné zacal ndvoz veskerého strojniho vybaveni a prislusSenstvi.
K transportu techniky bylo zapotfebi pfibliZzné patnact navésa.
Za postupného navaZeni byly zahajeny pfipravné prace ve star-
tovaci a cilové Sachté. V misté prostupu protlaku skrz pazeni byl
vybetonovan piedni betonovy blok, a to v celé Sifce Sachty az do
vysky prvniho rozpérného ramu. Na tento blok, o tloustce stény
cca 0,5 m, s prostupy o pruméru 1,5 m se po jeho vybetonova-
ni namontovala ocelova deska o rozmérech 2x2 m s gumovym
té€snénim (obr. 6). Pfed zah4jenim razby je fezna hlava raziciho
Stitu zatlaCena za toto tésnéni, které pak brani uniku vrtné vy-
plachové smési zpét do Sachty. Déle slouzi i jako ochrana proti
pritoku podzemni vody do Sachty po provrtani tryskové injektaze.
Stejny predni blok s prostupy byl vybetonovan v cilové Sachté.
Po vybetonovéni pfedniho bloku probéhlo osazeni tlacného ramu
do osy protlaku. V prostoru za tlanym ramem byl vybetonovan
opérny blok o tloustce cca 0,5 m s prostorem pro umisténi laseru.
Laser byl umistén na HEB profilu, ktery byl pfikotven do beto-
nové podlahy. Z divodu velké tlaéné sily, a tim mozného pohy-
bu Sté€tovnic nebo opérného bloku, byl laser umistén nezavisle
na startovaci Sachté. Maximalni tla¢na sila pfi protlacovani vSak
dosahovala pouze cca 100 tun (1000 kN). Pro lepsi mobilitu ve
startovaci Sachté byla v okoli tla¢ného rdmu zhotovena dfevéna
podlaha. Elektrické a datové kabely spolecné s hydraulickymi
hadicemi byly propojeny s ¥idicim kontejnerem. Sachtové &erpa-
dlo bylo zapojeno do systému hydraulické dopravy. Na zavér se
osadily koleje z ocelovych profili pro vedeni stroje pii zarazeni.

pressures are recorded and regulated very carefully, in order
to achieve the already mentioned pressure in the mixing
chamber, which acts against the groundwater pressure and
the ground pressure. The joints of the tunnelling machine
are watertight and thus prevent water from penetrating into
the machine. In the separation unit, solid particles larger
than 30um are separated from the flushing mixture. Smaller
clayey particles can be separated using an additional device,
the so-called centrifuge. The already clean flushing mixture
flows into the sedimentation tank (located in the container
of the separation unit) and then returns back through the
recirculation system. [4, 5]

Guidance and control system — the laser is the most commonly
used guidance system. It gives accurate directional and height-
relating information about the location of the installed pipe.
The laser beam is transmitted from the launching shaft towards
the laser target, installed on the rear side of the tunnelling
shield. The data is then transmitted to the control cabin via
the data cable. The control cabin usually contains a control
panel, a computer and other equipment necessary for the main
operations (guidance of the machine and the jacking frame,
direction and rotation speed of the cutting head, amount of
lubricant, etc). [4, 5]

Jacked pipe — pipes to be jacked must be circular in cross-
section, have a smooth and uniform surface, the joints must
be watertight and allow easy connection of the pipes. The
designed pipes have to be able to transmit the maximum
thrust force and, at the same time, the transverse ground/rock
pressures exerted by the environment. The materials used for
jacking have already been mentioned above. [4]

5. JACKING (MICROTUNNELLING) OF DN 1200 STEEL
CASING PIPES

Preparatory phase

The work itself was preceded by a thorough, almost six-month
lasting preparation. With respect to the expected occurrence of
plastic clay, a sedimentation tank was added to the separation unit.
This doubled the drilling fluid store to almost 60m? and extended
the time between the drilling fluid changes. The degraded drilling
mixture was always pumped into additional sedimentation tanks
and then gradually transported by a septic truck to a waste dump.
For this reason, it was necessary to provide a tank container and
two other tanks. Furthermore, a tool warehouse, a fuels warehouse
and a tunnel line accessories warehouse were made from shipping
containers. The jacking frame owned by the contractor is designed
for jacking of max. 3m long pipes. Jacking of 6m long pipes
was considered on the construction site in Obristvi. Therefore,
an intermediate jacking piece (so-called spacer, see Fig. 5) was
produced in advance. It was inserted into the jacking frame after
each 3m long jacking step and the jacking process continued.
Last but not least, the individual components of the mechanical
equipment were tested and serviced. HERRENKNECHT supplied
a special steel plate with rubber sealing to be installed in the
launching shaft and an articulated joint with sealing, which was used
to connect the back-up pipe (an auxiliary pipe, approx. 2.5m long,
allowing for insertion of a flexible joint between the machine and
pipes for the flushing suspension) to the first steel pipe. This joint
allowed the operator to better control the machine. Furthermore, an
extension was installed on the AVNS80OOXC-A tunnelling shield and
the shield was equipped with a larger cutting head. This increased

the borehole diameter from 1140mm to 1348mm.



zdroj: J. Brabec source: J. Brabec
Obr. 6 Predni betonovy blok s ocelovou deskou a gumovym tésnénim, odrezd-
vdni $tétovnic v misté prostupu

Fig. 6 Front-end concrete block with a steel plate and rubber sealing, cutting
off of sheet piles in the place of the opening

Na povrchu v okoli startovaci Sachty byl propojen fidici kontejner
s hlavnim dieselagregatem. Sedimentacni nadrze byly propoje-
ny s hnacim Cerpadlem a separac¢ni jednotka propojena s Sachto-
vym Cerpadlem. V obou smérech hydraulického systému doslo
k zapojeni pratokoméri. Pro sniZovani tla¢nych sil se uvazovalo
s lubrikaci nadvyrubu smési bentonitové suspenze s polymery.
Vyslednd suspenze byla injektovana do nadvyrubu pomoci ben-
tonitové michacky Hény IC310, a to skrze tfi lubrikacni otvory
vytvofené po 120° v piedni ¢asti prvni ocelové trouby. Vzhle-
dem k tomu, Ze tato ¢ast trouby byla nasledné vytlacena a odfiz-
nuta v cilové Sachté, nebylo nutné feSit dodate¢né zaslepovani
injektaznich otvort. Pripravné prace byly dokonceny za 20 dni
(obr. 7).

Obr. 7 Razici §tit AVN800OXC-A a back-up roura
Fig. 7 AVN800XC-A tunnelling shield and back-up pipe
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On 21 January 2021, the client, Subterra a.s., handed over the
site arrangement. In the first phase, the terrain in the vicinity of
the already finished launching shaft was hardened with recycled
concrete, and subsequently the transport of all mechanical
equipment and accessories began. Approximately fifteen semi-
trailers were needed to transport the equipment. During the gradual
supplying of the pipes, preparatory work started in the launching
and receiving shafts. At the point of passage of the pipejack through
the sheeting, the front concrete block was concreted, over the entire
width of the shaft, up to the height of the first spacer frame. The
front concrete block was concreted at the point of the passage of the
pipejack through the sheeting, across the entire width of the shaft,
up to the height of the first bracing frame. After concreting, a 2 x2m
steel plate with a rubber sealing was mounted on this block (block
thickness ca 1.5m, with openings 1.5m in diameter) (see Fig. 6).
Before starting the excavation, the cutting head of the tunnelling
shield is pushed ahead beyond this sealing, which then prevents
the flushing fluid mixture from escaping back into the shaft. It also
serves as protection against the inflow of groundwater into the shaft
after the jet grouted columns are drilled through. The same front-
end block with openings was concreted in the receiving shaft. After
concreting the front-end block, the thrust frame was fitted on the
axis of the pipejack. In the space behind the thrust frame, an about
0.5m thick backstop block with space for installation of the laser
was concreted. The laser was placed on a HEB steel section, which
was anchored to the concrete floor. Due to the large thrust force, and
thus the possible movement of the sheet piles or the backstop block,
the laser was placed independently of the launching shaft. However,
the maximum thrust force during pipejacking was only about 100
tonnes (1000kN). For better mobility in the launching shaft, a wooden
floor was made in the vicinity of the thrust frame. The electric and
data cables together with hydraulic hoses were connected to the
control container. The shaft pump was connected to the system of
hydraulic transport. Finally, rails made from steel sections were
installed to guide the machine during
opening of the excavation. On the
surface around the launching shaft,
the control container was connected
to the main diesel generating set. The
sedimentation tanks were connected
to the drive pump and the separation
unit was connected to the shaft pump.
Flow metres were connected in both
directions of the hydraulic system. To
reduce the thrust forces, lubrication
of the overcutting with a mixture of
bentonite suspension with polymers
was considered. The resulting slurry
was injected into the overcut using a
Hiny IC310 bentonite mixer, through
three lubrication gates created at
120° spacing at the front end of the
first steel tube. With respect to the
fact that this part of the tube was
subsequently pushed ahead and cut
off in the receiving shaft, it was not
necessary to solve the additional
blinding of the grouting holes. The
preparatory work was completed in
20 days (see Fig. 7).
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Dobrym zvykem byvé pred zahdjenim razby provést slavnost-
ni zahajeni. I pres komplikovand epidemicka opatieni se na stav-
bé sesli ucastnici vystavby, aby spolecné s panem farifem Pete-
rem Kovacem pokitili novy razici §tit AVN8OOXC-A od firmy
HERRENKNECHT (obr. 8). Tentokrat byl razici Stit pojmenovan
Ludmila, a to na zdkladé umisténi stavby pobliZz mésta M¢lnik,
coby jednoho z predpokladanych mist narozeni knézny svaté Lud-
mily. Rok 2021 patfi také k vyznamnému 1100. vyro¢i mucednické
smrti svaté Ludmily.

Razba

Z davodu velkého tlaku podzemni vody byla navrZena sténa
z tryskové injektaZze v mistech prostupti protlaki se Stétovou sté-
nou, a to i u cilové Sachty. Pfi odfezani Stétovnic (v misté prostu-
pu pro prvni protlak) doslo k nekontrolovanému provaleni materi-
alu do startovaci Sachty. Na posledni moment se povedlo z Sachty
zachrénit laser a ovlddaci panel tla¢ného ramu, které by mohla
voda poskodit. Poté byla Sachta uméle zaplavena a tryskova in-
jektaz se musela provést znovu a lépe. Vlivem zatopeni Sachty
doslo k nabyti objemu dfevénych klint u rozpérnych ramu a ¢as-
te¢nému pohybu §tétovnic. Vznikla tim mala trhlina mezi betono-
vym blokem a Stétovnicemi, kterou bylo nutné nasledné doinjek-
tovat polyuretanem. Po zahéjeni protlacovéani bylo nutné zajistit
relativné velky hydrostaticky protitlak (7,5 m vodniho sloupce),
ktery pusobil na stroj a kolonu ocelovych trubek pfi vkladani
tlacného mezikusu, pripadné pii dotlaceni trouby do konce. Bylo
potieba trouby néjakym zplisobem zajistit proti pohybu zpét do
Sachty (trouby byly zajiStény pomoci upinacich fetézl ra¢novym
napindkem k paZeni Sachty). Stejné tak bylo nutné vytvofit pro
svareCe dostateny prostor od gumového t€snéni. Z toho divodu

zdroj: J. Brabec source: J. Brabec

Obr. 9 Prordzka
Fig. 9 Breakthrough

zdroj: Jiri Cermdk source: Jiri Cermdk
Obr. 8 Slavnostni poZehndni od pana fardre Petera Kovdce
Fig. 8 Celebratory blessing from parish priest Peter Kovdr

It is good practice to make a grand opening before the tunnel
excavation begins. Despite complicated epidemic measures, the
construction participants met on the construction site to christen
the new AVN80OXC-A tunnelling shield from HERRENKNECHT
together with the parish priest Peter Kovac (see Fig. 8). This time,
the tunnelling shield was named Ludmila, based on the location
of the construction near the town of M¢lnik, one of the presumed
places of birth of Princess St. Ludmila. The 2021 year also marks
a significant 1100™ anniversary of the martyrdom of St. Ludmila.

Excavation

Due to the high groundwater pressure, a jet grouting wall was
designed in the places of penetrations of the pipejacks through
the sheet pile wall, even at the receiving shaft. During the cutting
off of the sheet piles (at the point of the opening for the first
pipejack) there was an uncontrolled incursion of the material into
the launching shaft. At the last moment, the laser and the control
panel of the thrust frame, which could be damaged by water, were
saved from the shaft. Then the shaft was artificially inundated and
the jet grouting process had to be repeated, and better. Due to the
inundation of the shaft, the volume of wooden wedges at the spacer
frames increased and the sheet piles were partially shifted. A small
crack originated between the concrete block and the sheet piles. It
had to be subsequently grouted with polyurethane. After starting the
jacking, it was necessary to ensure a relatively large hydrostatic back
pressure (7.5m of water column), which acted on the machine and
the column of steel pipes when inserting the intermediate jacking
piece, or when pushing the tube to the end. It was necessary to
secure the tubes in some way against movement back into the shaft
(the tubes were fixed to the shaft sheeting with clamping chains by
a ratchet tensioner). It was also necessary to create a distance from
the rubber sealing sufficient for the welders. For this reason, the
conclusion was drawn that the shaft for jacking the pipes was small
and the length of the jacking tubes would be reduced from 6m to
Sm. After all these problems occurred, the tunnelling shield set out
ahead at advance rate around 15mm/min. At this rate, the Sm long
tube was successfully thrust and another was welded in a round-the-
clock shift. These advance rates were achieved only in marlstone,
which occurred in up to 30m long section of the pipejack. The
remaining 70m were jacked through plastic clay, where the machine
was pushed at a rate of only 5-6mm/min. The jacking and welding
of one tube took two shifts. During the jacking process, the work
was carried out in the round-the-clock operation. Despite all the




TuNel

bylo rozhodnuto, Ze je Sachta pro provadéni protlaki malé a pro-
tlacovaci trouby se zkrati z 6 m na 5 m. Po vyskytu vSech téchto
problému se razici §tit rozjel s postupy okolo 15 mm/min. Touto
rychlosti se povedlo 5 m dlouhou troubu zatlacit a dal$i nava-
fit za dvanactihodinovou sménu. Téchto postupli se dosahovalo
pouze ve slinovci, ktery se vyskytoval do 30 m délky protlaku.
Zbyvajicich 70 m se protlacovalo skrz plastické jily, kde byl stroj
tlacen rychlosti pouhych 5-6 mm/min a protlaceni a navareni jed-
né trouby trvalo smény dvé. V prubéhu protlacovani probihaly
prace pri nepfetrzitém provozu dvacet Ctyfi hodin. Pres veskeré
vySe uvedené prekazky se povedlo tspé$né prorazit prvni protlak
13.4.2021 (obr. 9).

Relativni vyzvou bylo ,trefit se* v cilové Sachté¢ do predem
vybetonovaného predniho bloku. V pribéhu razby dochazelo
ke kontrolnim geodetickym méfenim polohy stroje a drobnym
smérovym korekcim laserového paprsku (nepatrna nepresnost
v pivodnim nastaveni laserového paprsku mize na délce 100 m
zpusobit odchylku v fadu cm). Hlava raziciho §titu o vné&jSim
praméru 1348 mm musela byt navedena do jiz pfipravenych
1500 mm prostuptt v prednich blocich. K dispozici byla rezerva
7,5 cm. Kdyz se stroj priblizil ke Stétové sténé a zarazil se do
tryskové injektaze, probéhlo posledni geodetické zaméteni. Vy-
sledkem bylo pfesné osazeni ocelové desky s tésnénim vzhledem
k pozici fezné hlavy a mohlo se zacit s odfezdvanim Stétovnic.
V dalsi fazi doslo k prordZce (obr. 10). Stroj byl odpojen, vytla-
¢en a premistén zpét ke startovaci Sachté na druhy protlak. Jak-
mile byly trouby dotlaceny do findlni pozice, byla zahajena poly-
uretanova injektdZ meziprostoru za ocelovou deskou s té€snénim,
prostoru mezi betonovym blokem a ocelovou troubou, a dile byla
deska demontovana jak ve startovaci, tak i v cilové Sachté. Poly-
uretanova injektdz byla z hlediska technického i ekonomického

Moews

spocivala v namontovani pojistné ocelové desky okolo ocelové
trouby, zavareni desky k troub€ a odfiznuti zbyvajici ¢asti ocelové
chranic¢ky. Timto byl protlak prvniho ramene shybky dokoncen
a pripraven pro navazujici price.

zdroj: Lukd§ Prokiipek source: Lukds Prokiipek
Obr. 10 Prordzka do cilové Sachty
Fig. 10 Breakthrough to receiving shaft
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above-mentioned obstacles, the first pipejack successfully broke
through on 13 April 2021 (see Fig. 9).

The relative challenge was to “hit” the pre-concreted front-
end block in the receiving shaft During the excavation, checking
survey measurements of the machine position and minor directional
corrections of the laser beam were carried out (a slight inaccuracy
in the original setting of the laser beam can cause a deviation in the
order of cm in the pipe jacking length of 100m). The cutterhead of
the tunnelling shield with an outer diameter of 1348mm had to be
guided into the already prepared 1500mm openings in the front-end
blocks. A reserve of 7.5cm was available. The last geodetic survey
took place when the machine approached the sheet pile wall and was
thrust into the jet grouted wall. The result was the accurate fitting
of the steel plate with the sealing with respect to the position of the
cutterhead, and the cutting off of the sheet piles could begin. The
breakthrough took place in the next phase (see Fig. 10). The machine
was disconnected, pushed out and moved back to the launching shaft
for the second pipejack. As soon as the pipes were pushed into the
final position, injecting of polyurethane grout into the intermediate
space behind the steel plate with the seal, the space between the
concrete block and the steel pipe, started. In addition, the plate
was dismantled both in the launching and the receiving shaft.
Polyurethane grouting was technically and economically much
more demanding than originally assumed. The final part consisted
in installation of a safety steel plate around the steel pipe, welding of
the plate to the pipe and cutting off of the remaining part of the steel
casing pipe. This step completed the jacking of the first arm of the
inverted siphon and prepared it for follow-up work.

Finishing phase

After the completion of the first pipejack, preparatory work was
carried out for the excavation of the second arm, axially only 2m to
the right. After pulling all the tunnel lines (slurry pipes, hydraulic
hoses, a data cable and bentonite hoses) from the pipejack, the
launching shaft was cleaned — the thrust frame was dismantled and
the backstop blocks were removed. This was followed by a new
installation of the thrust frame and concreting of new backstop
blocks. The excavatin was resumed after a week of work. With
regard to the already well-known geological conditions (see
Fig. 11), the composition of the flushing mixture was adjusted and
changed much more frequently. The mixture in the sedimentation
tanks of the separation unit was always completely pumped out
and the tanks were filled again after thrusting the five-meter tube,
during the process of welding another tube to the preceding one (in
a time of approx. 6 hours). The flushing mixture rapidly degraded,
mainly due to the large proportion of dispersed clay. This mixture
was then transported to a landfill. Thanks to the frequent replacing
of the flushing mud, as well as the addition of polymers to prevent
clay swelling and sticking of drilling tools, the process accelerated
almost three times. The jacking of the pipes of the second 100m
long arm was successfully completed in very difficult geological
conditions in just 15 days. The structure was handed over on
13 May 2021. The net time of microtunnelling for two 100m long
arms of steel casing pipes DN 1200 thus lasted 2.5 months.

6. CONCLUSION

The construction proved to be very technically demanding,
mainly due to jacking the pipes below the water table, complex
geological conditions, but also due to the tight deadline. However,
everything was managed very well, mainly thanks to the quality of
the team. The staff did not underestimate the important preparation,
everything was done with great responsibility and enthusiasm.
Furthermore, it is appropriate to emphasize the quality of technical
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Dokoncovaci faze

Po dokonceni prvniho protlaku probihaly pfipravné prace na
razbu druhého ramene osové vzdaleného pouze 2 m vpravo. Po
vytazeni veSkerého tunelového vedeni (slurry trubky, hydrau-
lické hadice, datovy kabel a bentonitové hadice) z protlaku byla
vycCisténa startovaci Sachta — byla provedena demontdz tla¢ného
ramu a odstranéni opérnych blokl. Nasledovalo nové osazeni
tla¢ného ramu, betondz novych opérnych blokd a razba byla po
tydnu praci opét zahdjena. S ohledem na jiZ dobfe zndmé geo-
logické podminky (obr. 11) doslo k tpravé sloZeni vrtné vypla-
chové smési a daleko Castéji se ménila. Smés v sedimentacnich
nadrzich separacni jednotky byla vzdy po zatlaceni pétimetrové
trouby, v pribéhu navatovani dalsi trouby (v Case cca 6 hod.),
komplet precerpina a napusténa nova. Vrtna smeés byla rychle zne-
hodnocena predevsim z diivodu velkého podilu rozptylenych jila.
Tato smés byla nasledné odvaZena na skladku. Vzhledem k casté
vyméné vyplachu, a také pridinim polymerl zamezujicim bobt-
néni jila a lepeni vrtnych nastrojt, se postup témér tfikrat zrychlil.
Protlak druhého 100 m dlouhého ramene byl dspé$né dokoncen
ve velmi sloZitych geologickych podminkéch za pouhych 15 dni.
Piedani stavby probéhlo dne 13. 5. 2021 Cistd doba realizace mi-
krotunelovani dvou 100 m dlouhych ramen ocelovych chranicek
DN 1200 tak trvala 2,5 mésice.

6. ZAVER

Realizace se ukédzala jako velmi technicky narocna, a to
predevsim z divodu protlacovani pod hladinou podzemni vody,
slozitym geologickym podminkdm, ale také z divodu napjatého
terminu. V8e se vSak podatilo vyborné zvladnout predevsim diky
kvalitnimu tymu. Pracovnici nepodcenili dileZitou piipravu, vse
bylo provadéno s velkou zodpovédnosti a nadSenim. Dale je vhod-
né zdhraznit kvalitu technologického vybaveni od firmy HER-
RENKNECHT, ktera byla stabilnim partnerem, a to uZ v obdobi
pripravy na dany projekt. Razici §tit Ludmila se nyni pfipravuje
na dal$i vyznamnou zakazku, na vystavbu dalni¢ni kanalizace po-
dél tunelu Pohiirka v Ceskych Budgjovicich, kde bude razit cestu
Zelezobetonovym trubkam DN 800, a to v celkové délce 792 m.

Po Gspé§ném dokonceni mikrotunelovacich praci na obou rame-
nech shybky byla zahajena montaz vlastniho vodovodniho potrubi
z trubek z tvarné litiny DN 800. Trubky byly montovény z pravo-
bfeZni, piivodné startovaci Sachty.
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zdroj: J. Brabec source: J. Brabec
Obr. 11 Cisténi sit separacni jednotky
Fig. 11 Cleaning of separation unit screens

equipment from HERRENKNECHT company, which was a stable
partner already in the period of preparation for the project. The
Ludmila tunnelling shield is now preparing for another important
contract, for the construction of a motorway sewer along the
Pohtirka tunnel in Ceské Budgjovice, where it will pave the route
for reinforced concrete tubes DN 800, with a total length of 792m.

After the successful completion of microtunnelling operations on
both arms of the inverted siphon, the assembly of the water supply
pipeline made from ductile cast iron pipes DN 800 started. The pipes
were assembled from the right-bank, originally the launching shaft.
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FOTOREPORTAZ Z POSTUPU STAVBY ,PRODLOUZENI
TRAMVAJOVE TRATI KE KAMPUSU MU V BRNE — BOHUNICICH"
~ ZIMA / LETO 2021
PICTURE REPORT FROM PROGRESS OF .EXTENSION OF TRAM LINE
TO CAMPUS OF MASARYK UNIVERSITY IN BRNO - BOHUNICE*
PROJECT — WINTER /SUMMER 2021

FOTO ONDREJ HORT, ARCHIV SPOLECNOSTI SPRAVCE STAVBY PRO TT KAMPUS
PHOTO ONDREJ HORT, ARCHIVE OF THE COMPANY OF THE CONSTRUCTION ADMINISTRATOR FOR THE TL

Obr. 1 Pohled z tunelu SO 602 v misté ,,provizorniho portdlu* do budouci jamy
SO 601 - 02/2021

Fig. 1 View from SO 602 tunnel in the location of “temporary portal” to the
future SO 601 construction pit — 02/2021

Obr. 2 Pohled na jamu SO 601 a na ,,provizorni portdl“ z obr. 1 z protéjsi stra-
ny o pét mésici pozdéji — 07/2021

Fig. 2 View of SO 601 construction pit and the “temporary portal” from Fig. 1
taken from opposite side five months later — 07/2021

Obr. 3 Pohled na hloubeni poslednich podzemnich stén tunelu SO 602 —
01/2021
Fig. 3 View of trenching for the last diaphragm walls of SO 602 tunnel —
01/2021

Obr. 4 Pohled na tytéz podzemni stény jako na obr. 3 o Sest mésicii pozdéji
a deset metrii hloubéji — 07/2021
Fig. 4 View of the same diaphragm wall as that in Fig. 3 taken six month later
and ten metres deeper — 07/2021

Obr. 5 Pohled do jamy stanice Novd Jthlavska SO 603 a navazujiciho tunelu
pod ulici Labskd SO 604 — 01/2021

Fig. 5 View down the construction pit for SO 603 Novd Jihlavskd station and
the following SO 604 tunnel under Labskd Street — 01/2021

Obr. 6 Obdobny pohled Jako na obr 5 o Sest mésicii pozdéji a 15 metrii vySe
-07/2021

Fig. 6 Similar view as that in Fig. 5 taken six months later and 15m higher —
07/2021
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FOTOREPORTAZ Z OSAZENI SOSKY SVATE BARBORY
NA STAVBE TRAMVAJOVEHO TUNELU ZABOVRESKA V BRNE
DNE 10. CERVNA 2021
PICTURE REPORT FROM INSTALLATION OF SAINT BARBARA
STATUETTE ON CONSTRUCTION SITE OF ZABOVRESKA TRAM
TUNNEL IN BRNO ON 10 JUNE 2021

FOTO ARCHIV SUBTERRA A.S.
SUBTERRA A.S. PHOTO ARCHIVE

Obr. 1 Litinovd podoba svaté Barbory md hmotnost 15 kilogramii a vysku piil
metru

Fig. 1 The cast iron form of St. Barbara weighs 15 kilograms and is half
a meter high

Ny &% ‘

Obr. 3 Poté byla patronka pracovnikii v podzemi prevezena na stavbu
Fig. 3 After that, the patron of underground workers was transported to the
construction site

2 B LT

Obr. 2V brnénské katedrdle soSku poZehnal biskup Vojtéch Cikrle
Fig. 2 Bishop Vojtéch Cikrle blessed the statue in the Brno Cathedral

Obr. 4 Svatd Barbora byla osazena do schrdnky na severnim portdlu
Fig. 4 Saint Barbara was placed in a box on the northern portal

Obr. 5 Divize 1 Subterra a.s. zahdjila raZbu pocdtkem letoSniho kvétna
Fig. 5 Division 1 of Subterra a.s. started the excavation of the tunnel at the
beginning of May 2021

Fig. 6 Drilling and blasting was used for rock breaking
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* Bezpecnejsi beténovy prvok s dlhSou Zivotnostou

* Znizena uhlikova stopa
* NizSie celkové naklady.

i :*_?.'ﬁI~

FAl e S ey
| L i|1.' 7 - Rl
FIRESTA-Fiser, rekonstrukce, stavby a.s.
Mlynské 68, 602 00 Brno
Tel.: 543 532 231, 233
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB B Norsko pripravuje 1,7 km dlouhy tunel pro lodni dopravu

Sprava norského motského pobfezi pripravuje stavbu 1,7 km
dlouhého tunelu, ktery spoji dva fjordy a bude slouzit pro osobni
i ndkladni ndmorni dopravu. Tunel bude 37 m vysoky a 26,5 m §i-
roky. Ditvodem pro jeho stavbu je skutecnost, Ze prilehla ¢ast nor-
ského mote (Stadhavet Sea) je pro lodé velmi nebezpecna i obtizna
na navigaci. Lodni tunel Stad bude raZen metodou drill and blast,
doba razby se predpoklada tfi aZ Ctyfi roky.

Tunel spoji dva fjordy, které maji jen maly rozdil hladin pfi pfi-

B Pripravné prace pro stavbu druhé tunelové trouby Gotthard-
ského silni¢niho tunelu

V poloviné biezna 2021 Svycarsky federalni silni¢ni tifad uzavrel

kontrakt na provedeni pfipravnych praci pro stavbu druhé tunelo-

vé trouby Gotthardského silni¢niho tunelu. Na severni strané jde

predevsim o 4 km dlouhy pfistupovy tunel k poruchové zoné, déle

bude vyrazena velkd podzemni kaverna pro betonarnu a skladovani

kameniva a dalsi potfebné piistupové a servisni Sachty a tunely. | iy a odlivu. To zpiisobi proud&ni vody v tunelu o rychlosti dvou
Prace byly zahdjeny na jafe roku 2021 a mély by byt dokonCeny | 1§, coz neznamena zadny problém pro plavbu lodi. Tunelem mo-
behem asi 2,5 roku. hou proplouvat lodé¢ §itky az 21,5 m, takZe na kazdé strané¢ bude
B Pokracuji prace v nejjiznéjsi ¢asti Brennerského bazového volny prostor §iiky 2,5 m.

tunelu Kontrakt by mél byt podepsan koncem roku 2021, coZ umozni

Jednou z velmi naro¢nych casti stavby u jizniho (italského) zahajeni praci v roce 2022.

konce Brennerského bazového tunelu je podchod feky Isarco Ctyt- B Ocean to zvladne?
mi tunely — dvéma hlavnimi a dvéma propojujicimi. Jak jsme jiz Hranice mezi Argentinou a Uruguayi ve sméru na zdpad od At-
v minulych ¢islech informovali, pro razbu tunelt v balvanitych ne- lantického ocednu bézi zatokou, ktera na hranici oceanu je Siroka
soudrznych horninidch nasycenych vodou dotovanou z podchaze- 200 km, a usti do ni dva veletoky: Parana — ten odvodiiuje velkou

né feky bylo nutné pouZit zmrazovani. Na obou brezich feky byly | ¢ast Argentiny, a Uruguay (odvodiiuje stejnojmenny stdt). Pfi asti
vyhloubeny vzdy dvé Sachty hloubky 25 m, ze kterych se nejprve | téchto fek je zatoka, nazyvana Rio de la Plata, Siroka 40 km; toto
provadé&ly préce souvisejici s vytvofenim obalky zmrazené horniny | misto je 290 km vzdalené od hranice Atlantického ocednu, kde ma

pro prvni ze dvou propojovacich tuneld. zatoka §ifi 200 km. Na brezich zatoky lezi hlavni mésta obou sta-
V prvni fazi bylo zmrazovani zahajeno cirkulaci kapalného du- | ti — na severu je to uruguayské Montevideo, na jihu daleko vEtsi
siku o teploté —196 °C, ktery vytvoril kolem budouciho profilu tu- argentinské Buenos Aires se svymi 4 mil. obyvatel, s tim, Ze v celé

nelu zmrazenou obalku. Pro zajiténi jeji bezpecné stability bshem | aglomeraci tohoto mésta Zije 14 mil. obyvatel a je zde soustfedén

razby tunelu potom nahradila dusik pouzity v prvé fazi solanka podstatny dil pramyslové infrastruktury celé zemé.
o teploté —30 °C az —35 °C. Husté osidleni aglomerace hlavniho mésta Argentiny a zde sou-

stfedény pramysl zplsobuji velky ekologicky problém. Z tohoto
uzemi teCou necisténé méstské a pramyslové odpadni vody do
feky Riachuelo, kterd protékd méstem Buenos Aires a vychodné od
mésta usti do zatoky Rio de la Plata. Riachuelo je jednou z nejvice
znecisténych fek svéta a z tohoto hlediska soutézi v mite znecisténi
s indickou Gangou.

Timto neblahym stavem se v roce 2008 zabyval argentinsky nej-
vyss$i soud a nafidil provedeni sanitarnich opatfeni, ktera by vedla
k radikdlnimu zlepSeni Zivotniho prostiedi.

Prvni rozséhlé opatfeni se v soucasné dobé dokoncuje. Podstatou
je podchyceni odpadnich vod z mésta i z primyslu do kmenového
sbérace o kapacité az 27 m?/s, ktery je odvede podél biehu zito-
ky vychodnim smérem. Tim bude zabranéno, aby feka Riachuelo
byla nadéle odpadnimi vodami zneciStovana. Vysledkem opatieni
ovsem bude, Ze odpadni vody se vypusti do vod zatoky sice v do-
statecné vzdélenosti od méstské aglomerace a v dostatecné vzda-
lenosti od biehu.

Na konci kmenového sbérace se na biehu zatoky vyhloubily Ctyfi
propojené Sachty o priméru 14 m a v hloubce 50 m, ze kterych se
5 EPB §titem o priméru 5,2 m dodanym firmou Herrenknecht vyra-
lovaci stroj o priméru 9,16 m vyrobeny firmou Robbins. Cekaji ho zil pod motskym dnem 12 km dlouhy tunel. Ten ma jednoplastové
velmi proménlivé geotechnické podminky od mirné az silné zvétra- segmentové osténi tl. 300 mm. Po ukondeni razby byl stroj pone-
lych jilovitych bfidlic a piskovcil. Celba pfi razbé bude asto velmi chan v podzemi a zabetonovan. V tunelu byly instalovany koleje
heterogenni, zastiZeny budou poruchové zony, mekkeé a nesoudrzné | 4 po nich jezdici vladek rychlosti 15 km/hod. doveze za 45 min.

Zmrazovani aspésné probihalo na podzim roku 2020 a nasledné
mohla byt zahdjena razba prvniho propojovaciho tunelu. V polovi-
né brezna 2021 bylo pak dokonceno zmrazovani obalky pro razbu
prvniho ze dvou hlavnich tunela.

K breznu 2021 bylo vyrazeno na celé stavbé 138 km tunelti z cel-
kovych 230 km. Vyrazeno bylo: 47 km hlavnich tuneld, 51 km
prizkumnych tunelt a 40 km tuneld pfistupovych a zasobovacich.

Na trase v JiZznim Tyrolsku pracuji smérem k statni hranici mezi
Italii a Rakouskem tfi tunelovaci stroje firmy Herrenknecht. Dva
razi hlavni Zelezni¢ni tunely a jeden razi prizkumny tunel, ktery
se po uvedeni tuneld do provozu stane tunelem servisnim. Jeden ze
strojii o priméru 10,65 m pojmenovany Virginia dosahl v bfeznu
2021 mimorddného vykonu — vyrazil a vystrojil 860 m tunelu, coZ
znamend primérny denni vykon 27,7 m. Nejlepsi denni postup byl
36,75 m.

Bl Dosud nejvétsi multimodalni tunelovaci stroj od firmy Ro-
bbins byl nasazen v Ciné

Na razbu 2,5 km dlouhého Zelezni¢niho tunelu v delté Perlové
tfeky v Cin& byl nasazen ke konci bfezna 2021 multimodalni tune-

horniny i tvrdé skalni horniny v celé Celb€. Obsah kiemene podrce- | posadku nebo materidly na konec vyrazeného tunelu.
nych nebo kompaktnich skalnich hornin bude vice nez 50 %. Pak nasledovala mimoradné operace, kterd asi jesté nebyla na
Pfitom zmény podminek na Celbé se budou rychle a piekvapi- | Zidné stavbé svéta pouZita: dovrchni svislé protla¢ovani ocelovych

vé ménit, coZ je asi nejvétsi vyzva, na kterou pii konstrukci stroje | trub tla¢nou stanici instalovanou v tunelu o svétlém priméru 4,6 m.
byla snaha se pfipravit. Tlak podzemni vody dosdhne hodnot pfes | Tato technologie se zvolila po posouzeni fady variant a po prove-
7 bara. deni mnoha zkousek.
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Na konci tunelu byly v urcitych vzdalenostech do vrcholu klenby
osazeny specidlni segmenty s pripravenou prichodkou, pres kterou
bylo protlacovéno svisle vzhiru ocelové potrubi postupné nastavo-
vané z jednotlivych dilti do celkové délky 30 m. Téchto vypousté-
cich potrubi je celkem 34, kazdé vazi 600 kg a horni konec potrubi
je v nevelké vysce nad dnem mote. Jejich tkolem je také prispét
k rozptyleni vypousténych vod.

Na hornim konci prvniho dilu potrubi byly instalovany trysky,
ze kterych proudi voda pod vysokym tlakem a rozruSuje horniny
motského dna, pres které protlacované trouby prochazeji. Na prv-
nich osmi metrech se nachazeji vrstvy pisku, coz znamena zvysené
tfeni, a tudiz pouZiti vétsi tlacné sily, pak uz probiha protlacovani
v mekkych jilovitych horninach a v bahné. PouZiti trysek snizilo
tlac¢nou silu z 2000 t na 400 t.

V tunelu pracuji simultdnné dvé protlacovaci soupravy, zatlaceni
jednoho ocelového potrubi délky 30 m trva jeden den.

Cely projekt je navrZen s zZivotnosti 100 let.

Pozn.: V cldnku, ze kterého byly cerpdny informace o stavbé,
neni Zddnd zminka o tom, Ze by argentinské uirady pldnovaly vy-
stavbu cistiren vypousténych vod.

B Jedna z nejhlubsich stanic metra se stavi ve Stockholmu

Modra linka stockholmského metra se prodluzuje na jihovychod
od centralni ¢asti mésta. Na lince lezi v mimofadné hloubce 100 m
pod terénem stanice Sofia. Zakazku na jeji vystavbu ziskala spo-
le¢nost Implenia, kterd v rimci své dodavky postavi jesté vytahové
Sachty, tratové tunely délky 4,6 km (metodou drill and blast) a sou-
bézny servisni tunel.

Vytahové Sachty budou vybaveny osmi velkymi rychlovytahy,
které cestujici dopravi nahoru nebo dolti béhem 30 vtefin. Pfedpo-
kladana doba vystavby je od 3. ¢tvrtleti 2021 do 4. Ctvrtleti 2025.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

PROBLEMY S TUNELOVYM PREVEDENIM SILNICE A 303 OBLASTI SVETOVEHO KULTURNIHO DEDICTVi

STONEHENGE

PROBLEMS WITH TUNNELLED DIVERSION OF ROAD A303 ACROSS STONEHENGE WORLD HERITAGE

SITE

Stonehenge is a circular complex of menhirs formed by huge,
2m high vertical sandstone blocks with horizontal stone blocks
continually placed on them in the past. This world-famous megalithic
monument is located in the centre of a large complex of structures
from the Late Stone Age and the Bronze Age. The work on the
Stonehenge complex began around 3100 BC, the construction of the
menhir monument in southern England itself took about 2000 years
(with breaks). The monument was then abandoned for unknown
reasons. The problem is that the major A303 road, one of the main
transport arteries of south-west England, crosses the Stonehenge
World Heritage Site. Therefore, already in the 1990s, it was proposed
to shift the A303 road underground. This solution underwent certain
development changes, which resulted in 2017 in the government’s
approval of the intention to modernise the 13km long, only two-lane
type, section of the A303 road into a four-lane section, including
the construction of a 2.9km long motorway-type tunnel with two
tunnel tubes. The tunnel route is by another S0m more distant
from the Stonehenge monument. The tunnel alignment will be led
so deep (approx. 40m) that the sphere of the near subsurface, in
which the archeological sites are located, is not endangered. In this
sense, both portals, which must be constructed at this height level
of archaeological deposits, remain a certain problem. The plan was

approved by the government in 2017, despite strong objections from
UNESCO, archaeologists, ecologists, activists and contemporary
clergy, who consider the place sacred. Many opponents made the
approval of the tunnel on the modernised A303 road conditional on
the tunnel being extended to a minimum of 4.5km, i.e. with portals
outside the area of the Stonehenge complex. Under their pressure,
the tunnel was proposed to be extended to 3.3km, representing a
total investment of £ 1.7 billion. In mid-2019, Highways England
began a long-term process of selecting potential contractors for the
construction of the tunnel on the A303 road. The contract will be
awarded in the “design and built” system (FIDIC Yellow Book) in
a one-stage procurement procedure. The decision to excavate the
tunnel, either using the conventional SCL (Sprayed Concrete Lining)
method or using full-face tunnel boring machines, is therefore left
to the selected contractor. Highways England, collaborating with
legal and technical consultants, expected the completion of the
selection of the tunnel construction contractor in 2021 and the start
of construction in the same year. However, in January 2021, the
project was suspended due to a legal dispute as activists from the
Save Stonehenge World Heritage Site applied for a judicial review
of the building permit for the entire proposed modernisation of the
A303 motorway, including the tunnel in the Stonehenge complex.

l

vysvétlivky key

=== navrhovana trasa proposed route

_ | === navrhovany tunel proposed tunnel

£3 kfizeni s fekou river crossing
umisténi kfizovatky junction location
portal tunelu tunnel entrance

svétové dédictvi World Heritage Site

Obr. 2 Vedeni silnice A 303 oblasti Stonehenge a navrhované tunelové reseni
Fig. 2 A303 road route in Stonehenge area and the proposed tunnel solution

Obr. 1 Pohled na monument Stonehenge
Fig. 1 A view of Stonehenge monument




TuNel

The results of the judicial review are not yet known. At present, it
is assumed that the archaeological and preparatory operations will
begin at the end of 2021, the selected contractor will be known at
the beginning of 2022 and the main five-year construction phase will
commence at the beginning of 2023.

Stonehenge neni jen obdivované kruhové seskupeni menhirQ tvo-
fenych mohutnymi, dva metry vysokymi svislymi piskovcovymi
bloky, na nichZ byla uloZena kdysi souvisld fada kamenii vodorov-
nych (obr. 1). Tato ve svété nejznaméjsi megalitickd pamatka se na-
chézi v centru rozsédhlého komplexu staveb z mladsi doby kamenné
i doby bronzové, ktery zahrnuje stovky pohiebnich mohyl a dosud
neprozkoumanych dil¢ich archeologickych lokalit. Stavba komple-
xu Stonehenge byla zapocata kolem roku 3100 pred naSim letopoc-
tem, samotna stavba menhirového monumentu v jizni Anglii trvala
s prestavkami asi 2000 let. Monument byl pak z neznamych diivodi
opustén.

Dtivody vzniku tohoto megalitického komplexu nejsou dodnes
jasné. Megalitické stavby vytvorili nasi predchtdci, ktefi po sobé
nezanechali Zadné pisemné zaznamy, takZe o tcelu megalitickych
pamatek 1ze v podstaté jen spekulovat. Teorii existuje celd rada, coz
jen nizorné dokumentuje jejich nejednoznacnost. Nékteré z nich
pocitaly i s mimozemskymi silami (Erich von Déniken), protoze
premistovat padesatitunové balvany, pravdépodobné ze 40 km vzda-
leného lomu, se v podminkédch doby kamenné a bronzové zd4 témér
nemozné. Rozhodné to byl tctyhodny vykon.

Dlouho zakorfenéna teorie, Ze Stonehenge postavili druidové, kelt-
Sti kn€Zi, a misto pak slouzilo k jejich uctivani, je dnes jiZ vyvracend,
nebot Keltové do Anglie pfisli o vice nez 1000 let po vzniku stavby.
Nicméné Stonehenge pozdéji Keltové pro své ritudly vyuZzivali a Cini
tak i souCasnd neopohanskd a druidska hnuti.

Velmi rozsifenym nézorem je, Ze Stonehenge slouZilo jako gigan-
ticky astronomicky kalendét, protoZe je skutecnosti, Ze menhiry jsou
rozmistény velmi promyslené a da se s jejich pomoci sledovat n€ko-
lik vyznamnych ro¢nich jevi, napt. dny slunovratu. To mohlo byt,
pfi tehdejsi neznalosti skute¢ného data, pro spolecnost, ndboZenstvi,
a zejména zemédelstvi, velmi dulezité. Novéjsi védecké poznatky
vsak spiSe nez misto naboZenského uctivani, pozorovani astronomic-
kych tkazl ¢i 1é¢eni neduhti poklddaji monument za misto setkava-
ni lidi z blizkého okoli i z daleka. Analyza neolitického osidlovani
v okoli Stonehenge prokézala, Ze se na misto sjizdéli lidé aZ ze Skot-
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ska. V dobé letniho a zimniho slunovratu se zde porazZel dobytek
a probihaly velké hodovni slavnosti, coZ 1ze pfedpokladat vzhledem
k naleztim velkého mnozstvi zvirecich kosti.

Soucasné problémy této mimofddné neolitické pamatky, kterd
byla v roce 1986 spolecné s nedalekym mésteCckem Amesbury za-
psdna na Seznam svétového dédictvi UNESCO, vsak spocivaji ve
snaze vyfesit silnicni dopravu v celé oblasti Stonehenge tak, aby to
uspokojilo vSechny zainteresované strany, nebo alespoii jejich pod-
statnou vétSinu.

Problém spocivé v tom, Ze oblasti Svétového dédictvi Stonehenge
(obr. 2) je vedena vyznamnad silnice A 303, kterd je jednou z hlavnich
dopravnich tepen jihozdpadni Anglie, sméfujici do exponovanych
primotskych oblasti.

Letita silnice A 303 je z velké ¢asti jiZ zmodernizovana na dvou-
proudovou komunikaci se ¢tyfmi dopravnimi pruhy, avSak v délce
13 km, vCetné oblasti Stonehenge, je velmi uzka, pouze se dvéma
dopravnimi pruhy. Rocni primér denni intenzity dopravy je cca
24 000 vozidel, coz je vice nez dvojnasobek ndvrhové kapacity sil-
nice v tomto misté. Silnice v oblasti Stonhenge je prosluld velmi
Castymi dopravnimi zacpami, od vlastniho monumentu je vzdélena
cca 170 m (obr. 3). Dusledkem tohoto stavu je vyrazné ovlivnéni
Zivotniho prostfedi hlukem a exhalacemi zejména z kamionové,
ale i osobni automobilové dopravy, nezanedbatelné je i nebezpecné
prechdzeni silnice A 303 navstévniky monumentu, kterych je za rok
okolo 1,6 milionu.

Pro vyfeSeni dlouhodobé diskutovaného problému bylo jiz
v 90. letech minulého stoleti navrZeno prevedeni silnice A 303 do
podzemi. Toto feSeni prodélalo urcité vyvojové zmény, které vyus-
tily v roce 2017 k vladnimu schvéleni zdméru modernizovat 13 km
dlouhy pouze dvoupruhovy usek silnice A 303 na Ctyfpruhovy, vcet-
né vybudovani 2,9 km dlouhého tunelu délni¢niho typu, se dvéma
tunelovymi troubami (obr. 4), jehoZ trasa se od vlastniho monumen-
tu Stonehenge vzdaluje o dalSich 50 m. Niveleta tunelu bude vedena
tak hluboko (cca 40 m), aby nebyla ohrozZena sféra blizkého podpo-
vrchu, v niZ se nachdzeji archeologicka nalezisté. Jistym problémem
zUstavaji v tomto smyslu oba portaly, které touto vySkovou urovni
nalezist museji projit. Nezanedbatelnym prinosem je podle zastanct
vystavby i obnova ptvodni krajiny v blizkosti monumentu (obr. 5).

Ke schvéleni zdméru vladou v roce 2017 doSlo navzdory silnym
namitkdm UNESCO, archeologii, ekologt, aktivistl i soucasnych
duchovnich, ktefi povazuji toto misto za posvatné. Oponenti tvrdi,

Obr. 3 Silnice A 303 prochdzi oblasti Stonehenge a je vedena cca 150 m od
monumentu
Fig. 3 A303 road passes across the Stonehenge area and runs about 150m

from the monument

Obr. 4 Vizualizace vychodniho tunelového portdlu nového iiseku silnice A 303
Fig. 4 Visualisation of the eastern tunnel portal of the new A303 road section
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Obr. 5 Vizualizace krajiny v blizkosti monumentu bez silnice A 303

Fig. 5Visualisation of the landscape in the surroundings of the monument without the A303

road

Ze projekt tunelu mlize nenapravitelné poskodit staroddvnou kraji-
nu, kterd je stale plna dosud neobjevenych archeologickych paméatek
(obr. 6). Mnozi oponenti podminovali souhlas s tunelem na moder-
nizované silnici A 303 pozadavkem, aby byl tunel prodlouzen mini-
malné na 4,5 km, tj. mimo oblast komplexu Stonehenge. Pod jejich
tlakem bylo navrzeno prodlouZeni tunelu na 3,3 km, coZ predstavuje
celkovou investici 1,7 miliardy liber.
Spolec¢nost Highways England, ktera je odpovédna za spravu
a rozvoj hlavnich silnic a dalnic v Anglii, zah4jila v poloviné roku
2019 dlouhodoby proces (18 mésicti) vybéru potencialnich dodava-
teltl pro vystavbu tunelu na silnici A 303 v misté Svétového dédictvi
Stonehenge. Spolecnost zvefejnila ozndameni v Ufednim véstniku
Evropské unie (OJEU).
K trznim konzultacim byli od dubna 2020 na zéklad¢ pfedb&Zného
vybéru vyzvani tfi uchazeci s prokdzanymi zkuSenostmi z vystavby
tunelli ve Velké Britanii:
e JV (joint venture) Bouygues Travaux Publics, J. Murphy &
Sons;

e JV Hochtief a Dragados;

e JV FCC Construccion, Salini Impregilo a BeMo Tunnelling
UK.

Zakazka bude zadana v systému ,,design and built* (ZIuta kniha
Fidic) v jednostupiiovém zadavacim fizeni. Rozhodnuti o provede-
ni razby tunelu bud konvenc¢ni technologii metodou SCL (Sprayed
Concrete Lining), nebo pomoci plnoprofilovych tunelovacich stroja,
je tudiZ ponechédno na rozhodnuti vybraného dodavatele. Spolec¢nost
Highways England, spolupracujici s pravnimi a technickymi poradci,
predpoklddala ukonceni vybéru dodavatele vystavby tunelu v roce
2021, a v témze roce zahdjeni vystavby. V fijnu 2020 byl vybran
partner pro pfipravu staveniSté¢ pro hlavniho dodavatele (8,5 mil.
liber) a archeologickych praci (35 mil liber). V prosinci 2020 bylo
vypsédno vybérové fizeni na partnera pro zajisténi stavebniho dozoru
ve vyS$i 75 mil. liber.

LITERATURA / REFERENCES

[1] https://en.wikipedia.org/wiki/Stonehenge_road_tunnel
[2] https://www.bbc.co/news/uk

[4] https://www.tunneltalk.com

Obr. 6 Z protestit proti vystavbé tunelu
Fig. 6 From protests against the tunnel construction

V lednu 2021 se vSak projekt zastavil kvili pravnimu sporu, nebot
aktivisté ze skupiny Save Stonehenge World Heritage Site pozadali
o soudni prezkum stavebniho povoleni na celou navrhovanou moder-
nizaci dalnice A 303, vCetné tunelu v oblasti komplexu Stonehenge.
Aktivisté ke svému podani vychazeli ze zpravy vypracované péti
odbornymi inspektory, ktefi dospéli k zavéru, Ze projekt ,,podstatné
a trvale poskodi integritu pamatky* a Ze ,,ijma nebude kompenzo-
véana piinosy* navrhovaného projektu. Tyto zavéry reflektuji obavy
UNESCO, které jiz v roce 2019 vyzvalo vladu Spojeného kralov-
stvi, aby v projektu nepokracoval v jeho soucasné podobé. Vysledky
soudniho prezkumu nejsou dosud znimé.

V soucasnosti se predpoklada, Ze archeologické a pripravné prace
budou zahajeny koncem roku 2021, vybrany dodavatel Ze bude znam
na pocatku roku 2022 a hlavni pétileta faze vystavby bude zahdjena
na zacatku roku 2023.

Pro tplnost zavérecné konstatovani — prvni konkrétni navrh na re-
alizaci tunelu na silnici A 303 v oblasti Stonehenge byl predloZen
planovaci komisi Spojeného kralovstvi v roce 1995.

Tento problém velmi piipomina nase vlastni obtiZe, které prova-
zeji navrhy na feSeni dopravni infrastruktury, a to nejen silni¢ni, ale
i Zeleznicni. U fady nasSich dopravnich projektl sice nejde ani v jed-
nom pripadé o zalezitost svétového kulturniho dédictvi pod zastitou
UNESCO, nicméné v odkladani projektii za Spojenym kralovstvim
nijak nezaostdvdme. Pisobenim aktivistickych sdruZeni a vlivem
partikularnich zajmt orgdnti mistni samospravy bylo Casto zahajeni
vystavby, a v soucasnosti je i dokonceni rozestavénych vetejné pro-
spésnych dopravnich staveb, neustale oddalovano (viz napr. nedavné
prohlaseni za dopravu odpovédného Cinitele o zbytnosti propojova-
cich radial mezi Méstskym okruhem a Silniénim okruhem kolem
Prahy). Anglickych 26 let odkladd pro nés neni v nékterych pfipa-
dech neptekonatelnych.

S pouzitim uvedenych pramenti zpracoval

prof. Ing. JIRI BARTAK, DrSc.

]
[3] https//infrastructure.planninginspectorate.gov.uk/projects/south-west/a303-stonehenge
]




TuNel

ZPRAVY Z TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 2/2021
TUNNEL AFTERNOON 2/2021

On June 2, 2021, the Tunnel Afternoon seminar took place
for the second time this year. Due to the situation, the Tunnel
Afternoon was again organised online using MS Teams. The
theme of the lectures was for the fourth time The Foreign Tunnel
Construction Projects. The total of six lectures were delivered.
Ing. Ermin Stehlik (GZ Consultants) presented the topic Driving
metro running tunnels in Singapore. The next lecture entitled
Mechanised excavation of the metro in Copenhagen was
prepared by Ing. Barbora PiSov4, Ph.D. (HOCHTIEF Infrastructure
GmbH). Selected details of the Doha Metro Gold Line, IDRIS
MTS02 sewerage and the Westgate road tunnel projects were
the title of another lecture prepared by Bc. MSc. Michal Fronék
CEng., MICE, DIC (Spréava zeleznic, s.o0.). Ing. Josef Malknecht
(Metrostav a.s., Division 5) continued with the topic The Icelandic
Challenges. The next lecture was led by Ing. Robert Broz, Ph.D.
(Metrostav a.s., Division 5). He talked about The Tunnels and
the Bridge on the salmon pathway near Trondheim. The last
lecture entitled High-Speed Surveillance of Tunnels in China
was prepared by Ing. Ondfej Kostohryz.

Dne 2. ¢ervna 2021 se podruhé v tomto roce uskutecnil semi-
naf Tunelafské odpoledne. Vzhledem k situaci bylo Tunelaiské
odpoledne opét usporddano on-line pomoci MS Teams. Tématem
prednasek byly Zahrani¢ni tunelové projekty, a to jiz poctvrté
v historii pofadani Tunelafskych odpoledni.

Prvni prednaska s nazvem Razba tratovych tunelii metra
v Singapuru se vénovala, jak jiZ ndzev napovida, razbam v dale-
kém Singapuru. Ing. Ermin Stehlik (GZ Consultants) popsal nejen
razby po technické strance, ale pozornost vénoval i kulturnim roz-
dilam, které jsou opravu veliké. Jednalo se o razbu dvou tratovych
tuneld metra, nové budované linky MRT. Zajimavosti byla nutnost
pouzit na dva pouze 270 m dlouhé tratové tunely novy razici stroj.
Jednalo se o EPBM priméru 6,7 m, a délky 95 m, vyrobeny ¢in-
skou firmou CREG. Vzhledem k omezené velikosti startovaci jamy
(pouze 30 m) bylo nejprve potfebné vyrazit cca 100 m, aZ potom
mohl byt stroj dokompletovéan v tunelu. Pro téchto prvnich 100 m
razby byl zdvés TBM castecné ve stavebni jamé sousedici stanice,
¢astecné na povrchu, a to pro prvni razbu. Pro druhou razbu byl za-
vés v prvné vyrazeném tunelu. Stavbu tunell se podafilo dokoncit
za zhruba jeden rok, stanice bude v provozu az v 2023.

Dalsi prednasku s naizvem Mechanizované razby metra v Ko-
dani pfipravila a prednesla Ing. Barbora PiSova, Ph.D. (HOCH-
TIEF Infrastructure GmbH). Tato stavba se nachazi sice o poznani
blize k Ceské republice, ale posluchaci se také dovédéli mnoho
zajimavych informaci.

Vybrané detaily projekti Dauha Metro Gold Line, kanaliza-
ce IDRIS MTS02 a silni¢niho tunelu Westgate tunnel byl nazev
dalsi pfednasky, kterou pfipravil Bc. MSc. Michal Fron€k CEng.,
MICE, DIC (Sprava Zeleznic, s.0.). Doha Metro Gold Line je pro-
jekt z let 2013-2019. Razby zajistovalo Sest razicich stroji EPB
TBM, jednalo se o vystavbu 11 km tunelti a 10 stanic. Dale pred-
néSejici hovofil o IDRIS MTSO02, coZz byl projekt kanalizacniho
systému pro Dauhd v Kataru. Systém se sklddal ze sedmi Sachet
praméru 9-15 m a hlubokych 40-50 m a 15 km tuneld o vniti-

nim prafezu 4,5 m razenych pomoci EPB TBM. Tretim popisova-
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nym projektem byly dalni¢ni tunely Westgate Tunnel v Melbourne
o délce 2,4 a 3,6 km, tfipruhové v kazdém sméru. Na stavbeé jsou
pfipraveny dva EPB TBM o praméru 15,6 m, nejvétsi na jizni polo-
kouli. BohuZel byla nalezena kontaminace ptdy latkou PFAS z dfi-
véjSiho primyslového vyuziti izemi a z tohoto diivodu byla stavba
docasné prerusena. Kvuli pfetrvavajicim problémim je planované
dokonceni projektu v roce 2023 jiZ nerealné.

Po prestavce pokracoval Ing. Josef Malknecht (Metrostav a.s.,
Divize 5) tématem Islandské vyzvy. Posluchace seznamil s pro-
jekty spoleCnosti Metrostav a.s. na Islandu. Prvni vyzvou byly tu-
nely Hédinsjordur. Jednalo se o prvni velky infrastrukturni projekt
v zahrani¢i v pozici generdlniho dodavatele. Razby se provadély
metodou Drill&Blast. Jednalo se o dva tunely — tunel Siglufjordur
(délka 3650 m) a tunel Olafsfjordur (délka 6925 m). Druhou vy-
zvou byl tunel Nordfjordur, ktery je nejdelSim islandskym dvou-
pruhovym tunelem a zaroven nejdel$sim silni¢nim tunelem realizo-
vanym Metrostavem a.s. v jeho celé historii (délka 7566 m). Treti
vyzvou byl tunel Dyrafjordur, ktery je nejodlehlejsim islandskym
silni¢nim tunelem (délka 5301 m).

Dalsi prednaska byla nazvand Tunely a most na lososi cesté
u Trondheimu. Ing. Robert Broz, Ph.D. (Metrostav a.s., Divize
5) pohovoril nejdfive o vystavbé tunelu Mjgnes s délkou raZzeb
698 m a tunelu Slgrdal (2566 m). Pak se jiZ vé€noval vystavbé mos-
tu Astfjorbrua s délkou 735 m. K jeho realizaci doslo v roce 2018.
Nejprve byly zhotoveny studny (hmotnost 2200 t, hloubka ponoru
7 m). Most je v misté, kde prekondva more, zaloZen na vySe zming-
nych studnach, na bfehu na pilotich (14 ks /zaklad, celkova délka
1621 m, nejdelsi pilota 47 m). Most je ocelobetonovy — sklada se
z betonovych pilifi, nosnd konstrukce mostu je z oceli — komorovy
tram a deska mostu a fimsy jsou opét betonové. Nakonec autor
prednasky zduraznil, Ze u takto sloZitého projektu je dulezité vse,
ale nejdulezitéjsi jsou lidé, jejich spoluprace. Také ocenil dobrou
soucinnost mezi zhotovitelem a klientem.

Posledni prednasku pfipravil Ing. Ondfej Kostohryz. Jeji na-
zev byl ponékud atypicky — Vysokorychlostni dozorovani tune-
li v Ciné. Prednaska se vénovala nové budované Zelezni¢ni trati
z Ceng-Cou do Wan-¢ou (celkova délka trati 801 km, navrhova
rychlost 350 km/h, doba vystavby 2016-2022, celkové investice
118 mld. jii-nant), tseku Chu-pej, kde se jedna o 10 stavebnich
usekd, tfi useky stavebniho dozoru, buduje se 65 mostt a 33 tuneld
(celkem 167,6 km) a Sest nadraZi, celkova investice v tomto tseku je
planovéana na 43 mld. jii-nant. Autor prednasky popsal stru¢né ne-
jen technickou stranku projektu, ale vénoval se i lidskému pohledu.

Podékovani patii vS§em prednasejicim, dale Ing. Vaclavu Souku-
povi (Metrostav a.s.) a prof. Ing. Matousi Hilarovi, M.Sc., Ph.D.
(3G Consulting Engineers s.r.0.) za zajisténi prednisek a modero-
vani a Ing. Liboru Marikovi za organizacni zajiSténi pomoci pro-
gramu MS Teams. Zijem o prednasky byl velky, celkem se pfipoji-
lo pfes 100 posluchacii, z nichZ néktefi po skonceni akce vyslovili
velkou spokojenost se zajimavym tématem. Vybrané prezentace
1ze nalézt na www.ita-aites.cz. Doufejme, Ze pristi Tunelarské od-
poledne se jiZ uskutecni prezen¢ni formou, aby si lidé po prednas-
kach mohli sdélit i své dojmy.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES, 7. s.
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CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D - NOVA LINKA PRAZSKEHO METRA

Konecné, zd4 se, Ze den D pro projekt metra D je tady! Na prelo-
mu Cervna a ¢ervence totiz padlo kratce po sobé nékolik prekazek,
jez dokonceni dlouho pfipravované trasy, ktera ma spojit stanici
Pankréc na trase C s Pisnici na jihozapadnim okraji metropole, bra-
nily. Antimonopolni iifad (UOHS) po vice neZ ro¢nim prosetfovani
dovolil Dopravnimu podniku uzavfit smlouvu na prvni dsek stavby
a Ministerstvo dopravy zamitlo ndmitku na podjatost prazskych
urednikd, ktefi rozhodovali o stavebnim povoleni.

Tak tedy na z4kladé rozhodnuti UOHS o spravném postupu za-
davatele v soutézi doslo pocatkem cervence tohoto roku k obou-
strannému podpisu smlouvy s uchazecem, ktery podal nejvyhod-
z Pankrace na stanici Olbrachtova. Nositelem nejvyhodnéjsi na-
bidky a zhotovitelem stavby tseku Pankrdc — Olbrachtova se tak
stalo Sdruzeni Metro I. D se spolecniky: Subterra a.s., Hochtief CZ
a.s., Hochtief Infrastructure GmbH, Strabag a.s. a Ziiblin Aktien-
gesellschaft.

Na zakladé usneseni Ministerstva dopravy o nepodjatosti konani
ufedniktl prazského magistratu mohlo dojit dne 30. 6. 2021 k vy-
dani hlavniho stavebniho povoleni (SP) na tusek Pankrac — Nové
Dvory a zaroven k vydani SP na vybudovéani zafizeni stavenist
v useku Pankrac — Olbrachtova mimo zafizeni staveniSté ¢asti sta-
nice Olbrachtova, kde jeSté probihaji jednani s ucastniky staveb-
niho fizeni, ktefi svymi obstrukcemi zdrzovali a stédle jesté proces
stavebniho fizeni zdrZuji.

Realizovany, resp. dokoncovany, inZenyrskogeologicky priizkum
projektu metro D jde v tuto chvili dél svoji cestou k vytéenému cili,
posledni metry raZeb jsou dokoncovany a konecné zpravy vypra-
covavany. Novou vyzvou zejména pro lokality PAD1b a OL1 se
pak jesté muze stit vydani pokynu k zahdjeni repasportizace, ktera
ve svém disledku mize vygenerovat nové pozadavky na tpravu
plnéni predmétu dila stavajiciho prizkumu.

Za soucasné situace se pro projekt metra D stava také jiz vel-
mi aktudlni moznost prfipravy dalSiho tendru navazujiciho tseku
Olbrachtova — Nové Dvory s razbami trafovych tuneld z Pisnice
(obr. 1). Vérme tedy, Ze aktudlné stavajici pozitivni trend vyvoje
projektu setrvd i pro dalsi obdobi, a Ze v priStich aktualitich se
budeme moci napriklad dozvédét, Ze stavba prvniho useku jiz byla
zahdjena a Ze ptiprava druhého tseku dal uspéSné pokracuje.

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

NOVE ZELEZNICNi TUNELY
NA IV. ZELEZNICNIiM KORIDORU

Soucasti stavby ,,Modernizace trati Sudoméfice — Votice™ je
mimo jiné vystavba dvou novych Zelezni¢nich tunell. Tunel Mez-
no (obr. 2) je raZeny Zeleznicni dvoukolejny tunel celkové délky
840 m, z toho raZena cast tvofi 768 m, navazujici hloubena cast
u vjezdového portalu ma délku 48 m a u vyjezdového portdlu 24 m.
Tunel Deborec (obr. 3) je razeny Zelezni¢ni dvoukolejny tunel cel-

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

Finally, the D-Day for the Metro D line project seems to be here!
At the turn of June and July, several obstacles, which prevented
the completion of the long-planned route, which is to connect the
Pankrac station on Metro line C with Pisnice on the southwestern
edge of the metropolis, fell shortly after that time. After more than a
year-long investigation, the Office for the Protection of Competition
allowed the Prague Public Transit Company Inc. to conclude a
contract for the first section of the construction, and the Ministry of
Transport rejected the objection to the bias of Prague officials who
decided on the building permit.

Thus, on the basis of the decision of the Office for the Protection of
Competition on the correct procedure of the contracting authority in
the competition, the contract was mutually signed at the beginning of
July this year with the tenderer who submitted the most advantageous
bid. The most difficult kilometre-long section from Pankrac to the
Olbrachtova station is to be brought under construction. The Metro I.
D Consortium consisting of Subterra a.s., Hochtief CZ a.s., Hochtief
Infrastructure GmbH, Strabag a.s. and Ziiblin Aktiengesellschaft
thus became the bidder with the most advantageous offer and the
contractor for the construction of the Pankrac — Olbrachtova section.

Based on the resolution of the Ministry of Transport on the
impartiality of the Prague City Hall officials, the main building
permit for the Pankrac — Nové Dvory section could be issued on
30 June 2021 and the building permit for the construction of the
construction site arrangement in the Pankrac — Olbrachtova section
outside the construction site part of the Olbrachtova station, where
negotiations are still underway with the participants in the building
permission proceedings, who have delayed with their obstructions
and are still delaying the building permission process.

The completed, respectively under completion engineering
geological survey of the metro D line project is currently on its
way heading to the set goal, the last meters of excavation are being
completed and the final reports are being prepared. A new challenge,
especially for the PAD1b and OL1 localities, may be the issuance
of an instruction to start the repeated condition survey of buildings,
which in turn may generate new requirements for changing the
subject of the current contract for the survey.

Obr. 1 Vizualizace stanice Nové Dvory
Fig. 1 Visualisation of Nové Dvory station




Tuel

Obr. 2 Tunel Mezno, pohled na vyjezdovy portdl
Fig. 2 Mezno tunnel, view of exit portal

kové délky 660 m, z toho raZzend ¢ést tvoii 562 m a navazujici hlou-
bené Casti u obou portalt maji délku 49 m. K 15. 7. 2021 jsou oba
tunely stavebné dokonceny a pfipraveny pro montaz Zelezni¢niho
svrsku, trakéniho vedeni, nouzového osvétleni a dal$iho drazniho
vybaveni. Aktudlné se jesté dokoncuji zasypy stavebnich jam a de-
montaz zafizeni stavenisté. ZkuSebni provoz na modernizovaném
dseku by mél byt spustén 30. 6. 2022. Investorem stavby je Sprava
Zeleznic, statni organizace a zhotovitelem stavby spole¢nost OHL
7S, a.s.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

ZELEZNICNIi TUNEL ZVEROTICE

Dvoukolejny Zelezni¢ni tunel Zvérotice délky 370 m na trato-
vém tseku Sobéslav — Doubi je soucasti IV. Zelezni¢niho koridoru
spojujiciho po dokonéeni Prahu s Ceskymi Budg&jovicemi a déle
s rakouskym Lincem (obr. 4). Stavba se nachézi v tésné blizkosti
meésta Sobéslav a trasy délnice D3.

Hlavni ¢innosti pii vystavbé tunelu je betonaZ osténi, kterd po-
stupuje po blocich délky 10 m a k 13. 7. 2021 (termin pfispév-
ku) bylo vybetonovano 260 m horni klenby (obr. 5). Zakladové
konstrukce jsou vybetonované v celé délce tunelu. Tunelové osténi

Fig. 4 Incorporation of Zvérotice tunnel into landscape and the streamlined construction process
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Obr. 3 Tunel Deborec, pohled na vjezdovy portdl
Fig. 3 Deborec tunnel, view of entrance portal

In the current situation, the possibility of preparing another tender
for the following section, the Olbrachtova — Nové Dvory section
containing the excavation of running tunnels from Pisnice is also
becoming very topical for the metro D line project (see Fig. 1).
Therefore, let us believe that the current positive trend of the project
development will continue for the next period, and that in the future
news we will be able to learn, for example, that the construction of
the first section has already begun and that the preparation of the
second section proceeds successfully.

Ing. BORIS SEBESTA, borissebesta61@gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

NEW RAILWAY TUNNELS ON RAILWAY
CORRIDOR IV

The construction of two new railway tunnels is one of the parts
of the “Modernisation of the Sudoméfice — Votice Track “ project.
The Mezno tunnel (see Fig. 2) is a mined double-track railway
tunnel with a total length of 840m, of which the tunnelled part
forms 768m; the adjoining cut-and-cover parts are 48m long at the
entrance portal and 24m long at the exit portal. The Deborec tunnel
(Fig. 3) is a mined double-track railway tunnel with a total length
of 660m, of which the tunnelled part
forms 562 m and the adjoining cut-
and-cover parts at both portals are
49 m long each. As of 15 July 2021,
both tunnels have been completed
and prepared for the installation of
the railway superstructure, overhead
catenary, emergency lighting and
other railway equipment. Currently,
the backfilling of construction pits
and the dismantling of construction
site  facilities are still being
completed. Trial operation on the
modernised section should start on
June 30, 2022. The project owner
is the Railway Administration, state
organisation, and the construction
contractor is OHL ZS, a.s.

Ing. TOMAS JUST,
tjust@ohlzs.cz, OHL ZS, a.s.
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proslo usekem stavebni jamy zajisténé pilotovymi sténami, kde
byly zastiZeny nejhorsi geotechnické podminky, a konstrukce byla
zaloZena na spodni klenbé€. Od stanic¢eni tunelu TM 240 pieSel typ
konstrukce opét na zaloZeni klenby tunelu na zdkladovych pasech.
Paralelné s betondZi osténi probihd instalace bo¢nich tunelovych
drenazi, izolovéani tunelu féliovou izolaci a zpétné zasypy az na
urovenl piivodniho terénu. V dobé zpracovéni piispévku byl prove-
den zasyp 120 m tunelu a zatim nepostoupil do stisnénych prostora
mezi pilotovymi sténami. Hydroizola¢ni f6lie je chrdanéna geotex-
tilif a vrstvou jemnozrnného materialu o tloustce 1 m.

Pro omezeni prusaku srdzkové vody do zasypového télesa je cca
1 m nad vrcholem klenby tunelu provadéna tésnici jilova vrstva
o tloustce 0,5 m, ktera je po obou stranach chranéna proti vyplavo-
véani jemnych ¢astic opét vrstvou geotextilie. Toto opatfeni by mélo
zmirnit filtracni funkci tunelu a zlepsit podminky pro vegetaci na
povrchu tzemi po uvedeni tunelu do provozu.

Charakteru provadénych praci je pfizptisobeno i provadéni geo-
technického monitoringu. Méfeni byla ze sledovani chovéni svahii
stavebni jamy a pilotovych stén jesté nezasypanych tsekd tunelu
roz§ifena o méreni deformaci osténi jako reakce na provadéni za-
sypu. Pfi kazdém méfeni deformace osténi je zaznamendna tro-
ven zasypu na pravé i levé strané tunelu, aby bylo mozné vysledky
méfeni spravné interpretovat. Vysledky se pohybuji v o¢ekdvanych
hodnotach a diky precizni praci zhotovitele, ktery dodrzuje limit
urovné zasypu na levé a pravé strané tunelu, nedochazi ve fazi vy-
stavby k nadmérnému namahani konstrukce.

Kromé hlavnich nosnych konstrukci probihaji prace i na vniti-
nim vybaveni tunelu. Na levé stran€ tunelu je pod sluZzebnim chod-
nikem vybetonovano 100 m kabelovodu. Betondz kabelovodu na
pravé stran€, podél kterého je vedeno potrubi pozarniho vodovodu,
je zatim pozastavena s ohledem na nutnost dokonceni revize pozar-
nébezpecnostniho feseni tunelu a koordinace s technickym feSenim
mimo objekt tunelu.

Na vyjezdovém portéle je jiz provedeno rozsifeni zarezu trati
a vytvoren prostor pro demontdz bedniciho vozu osténi tunelu.

Stavbu tunelu provadi subdodavkou firma HOCHTIEF CZ a.s.
pro ,,SdruZeni Sobéslav — Doubi* tvofené firmami STRABAG a.s.,
EUROVIA CS, a.s. a Metrostay a.s. Autorem realizacni dokumen-
tace tunelu je firma SAGASTA s.r.o.

Ing. LIBOR MARIK, SAGASTA s.r.o.

Obr. 5 Betondz osténi ve svahovaném tseku stavebni jamy Zveérotice (stav k 16. 7. 2021)
Fig. 5 Concreting the lining in the sloped section of the Zvérotice construction pit (state as of 16 July 2021)

ZVEROTICE RAIL TUNNEL

The 370m long double-track rail tunnel in the Sobé&slav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Budg&jovice and further with
Linz, Austria (see Fig. 4). The construction is located near the town of
Sobéslav and the D3 motorway route.

The main activity in the construction of the tunnel is concreting of
the lining, which proceeds in 10m-long blocks, and as of 13 July 2021
(the deadline for submitting this contribution), concreting of 260m
of the upper vault has been finished (see Fig. 5). Concreting of the
foundation structures has been finished along the entire tunnel length.
The tunnel lining passed through the section of the construction pit
stabilised by pile walls, where the worst geotechnical conditions
were encountered, and the structure was founded on the invert. From
the tunnel chainage m TM240, the type of construction was again
changed to the foundation of the tunnel vault on foundation strips.
In parallel with concreting the lining, side tunnel drains are being
installed, the tunnel is being provided with a waterproofing membrane
and is being backfilled up to the level of the original terrain. At the
time of preparing this paper, a 120m long tunnel section had been
backfilled and has not yet advanced into the cramped spaces between
the pile walls. The waterproofing membrane is protected by geotextile
and a one metre thick layer of fine-grained material.

To reduce the leakage of rainwater into the backfill, a sealing clay
layer 0.5m thick is carried out about 1m above the top of the tunnel
vault. This layer is again protected on both sides against washing out
of fine particles by a layer of geotextile. This measure should mitigate
the filtration function of the tunnel and improve the conditions for
vegetation on the surface of the area after the tunnel is brought into
service.

The geotechnical monitoring process is also adapted to the character
of the work being performed. The measurements adopted from the
monitoring of the behaviour of the construction pit slopes and the pile
walls of the still not-backfilled sections of the tunnel were extended
by the measurement of deformations of the lining as a response to
the backfilling. Each time the lining deformation is measured, the
backfill level is recorded on the right side and left side of the tunnel so
that the measurement results can be interpreted correctly. The results
vary within the expected values and thanks to the precise work of the
contractor, who adheres to the limits of the level of backfill on the left
and right sides of the tunnel. Owing to this fact, there is no excessive
stress exerted on the structure during
the construction phase.

In addition to the main load-bearing
structures, work is also underway
on the interior of the tunnel. On the
left side of the tunnel, concreting of
a 100m-long cable duct under the
service walkway has been finished.
Concreting of the cable duct on the
right side, along which the fire main
runs, is currently suspended due to
the need for completing the review
of the tunnel fire safety solution and
coordinating it with the technical
solution outside the tunnel.

At the exit portal, the cutting for the
track has already been widened and
space has been created for dismantling
the travelling formwork for the tunnel
lining.
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STAVBA 1/42 BRNO - VMO ZABOVRESKA | -
ETAPAII

Stavba prelozky tramvajové trati a nové ¢asti silnicniho méstské-
ho okruhu v Brné je realizovana sdruzenim firem Eurovia CS a.s.,
HOCHTIEF CZ a.s. a Subterra a.s. Byly fakticky dokonceny za-
jistovaci prace skalniho masivu na severnim i jiznim portalu, kde
je jiz i pro potieby razeb tunelu vybudovan mikropilotovy deStnik
(obr. 6). Vlastni razba tunelu postupuje podle moZnosti ovlivnénych
predevsim geologickymi podminkami pro razby. Stav prochazeného
masivu je oproti pfedpokladiim z geologického prizkumu horsi, nez
se v jeho zavérech predpokladalo.

Na stavbé tramvajového tunelu byly dokonceny préice na zaklado-
vych pasech a vypliovych betonech hloubeného tunelu piesypané
Casti sever. Byla dokon¢ena montaz formy s kontra bednénim pro
betondz kaloty hloubeného tunelu (obr. 7). BetondZ prvniho bloku je
naplanovana na 20. 7. 2021, ukonceni betonaZi se predpoklada v fij-
nu 2021. Razba 333 m dlouhé razené ¢asti tunelu NRTM byla zaha-
jena 7. 5. 2021 pomoci trhacich praci a strojniho rozpojovéani. Dne
10. 6. 2021 byla slavnostné umisténa do severniho portdlu sv. Bar-
borka (viz fotoreportaZ). Vyrub tunelu je ¢lenén na kalotu a opéfi.
Ke konci ¢ervna 2021 bylo vyrazeno 138 m na kaloté a 64 m v opéfi.
Z geologického hlediska je hornina pevna, ale tektonicky porusena
a jeji kvalita velmi proménliva. V soucasnosti jsou na celbé tunelu
(obr. 8) zastiZzeny granodiority a metadiority s vertikdlnimi a sub-
horizontalnimi puklinami, obtizné tézitelné a oddélené mezi sebou
poruchovymi pasmy tvofenymi napf. metadiority silné tektonicky
namoZenymi a podrcenymi. Razba tak probiha neustale ve III. tech-

2 Nz

nologické tridé, oproti predpokladiim razby v I. technologické tridé

Obr. 6 Pohled na predpoli severniho portdlu tunelu
Fig. 6 View of the area in front of the northern portal of the tunnel
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The tunnel construction is being carried out by HOCHTIEF CZ,

a sub-contractor for the ,,Sdruzeni Sobéslav — Doubi* consortium,

consisting of the companies of STRABAG, a.s., EUROVIA CS,

A.S., and Metrostav a.s. The company of SAGASTA is the author

of the design of means and methods for the tunnel (the so-called
execution design).

Ing. LIBOR MARIK, SAGASTA s.r.o.

ROAD 1/42 BRNO - LARGE CITY CIRCLE ROAD
ZABOVRESKA |1 - STAGE I

The contractor for the construction of the tram line diversion and
the new part of the Large City Circle Ring in Brno is a consortium
of companies formed by Eurovia CS a.s., HOCHTIEF CZ a.s. and
Subterra a.s. The stabilisation of the rock massif at the northern
and southern portals has been factually completed, with the canopy
tube pre-support required for the needs of tunnel excavation also
finished (see Fig. 6). The tunnel excavation proceeds according to the
possibilities allowed mainly by geological conditions for excavation.
Compared to the assumptions from the geological survey, the
condition of the massif being passed through is worse than expected
in its conclusions.

At the construction site of the tram tunnel, work has been
completed on the foundation strips and mass fill concrete of the cut-
and-cover tunnel of the earth-covered part north. The assembly of the
formwork with counter formwork for concreting the top heading of
the cut-and-cover tunnel has been completed (Fig. 7). Concreting of
the first block is scheduled for 20 July
2021. It is expected to end in October
2021. The excavation of the 333m
long mined part of the NATM tunnel
by means of blasting and mechanical
breaking started on 7 May 2021.
On June 10, 2021a statuette of St.
Barbara was ceremonially installed
at the northern portal of the tunnel
(see Picture Report). The tunnel
excavation sequence is divided into
top heading and bench. As of the end
of July, 138m of excavation have been
finished in the top heading and 64m in
the bench. From a geological point of
view, the rock is hard but tectonically
disturbed and its quality is very
variable. At present, granodiorite and

Obr. 7 Pohled na formu pro betond? sekunddrniho osténi na severnim portdlu
Fig. 7 View of formwork for concreting secondary lining at the northern portal

metadiorite with vertical and sub-
horizontal cracks are found at the
excavation face of the tunnel (see
Fig. 8). They are difficult to excavate
and are separated from each other by
fault zones formed by e.g. strongly
tectonically stressed and crushed
metadiorite. The excavation thus takes
place constantly in excavation support
class III, compared to the assumptions
of excavation in the excavation support
class I encountered in the middle part
of the tunnel. The official completion
of the excavation is planned for
September 12, 2021. Work on the
mined and cut-and-cover sections of
the tunnel will continue until the end
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ve stiedni Casti tunelu. Oficidlni dokonceni razeb je planovano na
12. 9. 2021. Préace na razeném a hloubeném dseku tunelu budou po-
kracovat do konce roku, kdy je predpoklad dokonceni praci betonazi
sekundérniho osténi a celkové praci na tomto osténi.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel PreSov

Tunel Presov je dialni¢ny tunel vo vystavbe na Slovensku a na-
chéadza sa na tseku dialnice D1 PreSov zapad — Presov juh. Trasa tu-
nelovej Casti juhozdpadného obchvatu PreSova bude tvorena dvoma
nezavislymi tunelovymi ridrami, severna tunelova rira bude dizky
2 230,5 m a juzna tunelova rura bude diiky 22440 m.

V uplynulom obdobi postupili prace na tuneli PreSov do findlneho
Stadia. Zo stavebného hladiska je tunel prakticky dokonceny a po-
zostava dokoncit detaily, ako su zalievky dilatacnych Skar okolo po-
klopov kéblovych $acht, oznacovanie SOS vyklenkov a nidzovych
zalivov a chodniky na portaloch tunela.

V tuneli sa aktudlne dokoncuje instaldcia technologickych celkov
a prebiehaju individualne skusky jednotlivych zariadeni. Prebieha
kontrola kablovych $acht a postupne st jednotlivé Sachty uzatvarané
vratane vyplnenia Skar tmelom proti prieniku vody z umyvania tunela
do ich vnitra. Portalové objekty su na vychodnom portali dokoncené
vratane terénnych tprav, ktoré boli na strmych svahoch Malkovske;j
horky velmi niro¢né na realizaciu. Na zdpadnom portéli prebiehaji
prace na dokonceni zdsypov portdlu a terénnych tpravach, pricom
zasypy st dokoncené na 80 %. Doposial neboli realizované sadové
upravy na oboch portaloch tunela. V predportalovych oblastiach pre-
bieha pokladka asfaltovych zmesi na pristupovych cestach rovnako
ako aj na hlavnej trase. Postupne je vdaka tomu obmedzovana do-
prava v jednej alebo druhej tunelovej rire tak, aby vzdy jeden tubus
bol prejazdny a mohol slizit pocas vystavby ako komunikacna tepna
pre dopravu materidlu a pracovnikov po trase realizovanej dialnice.

Zhotovitel' zapocal v druhom kvartdli tohto roka prebieracie ko-
nania jednotlivych stavebnych objektov. Do konca jtina sa podarilo
odovzdat objednavatelovi tri stavebné objekty z celkom dvanastich,
ktoré su sucastou tunela PreSov. Zhotovitel planuje odovzdat vset-
ky objekty objedndvatelovi do konca augusta. Spolu s obyvatelmi
Presova a Slovenskej republiky sa teSime na sprevadzkovanie tohto
dialni¢ného tseku do konca roka 2021.

Celu stavbu juhovychodného obchvatu mesta PreSova realizuje
Zdruzenie D1 Presov (EUROVIA SK a.s., EUROVIA CS a.s., Do-
prastav a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov
realizuje spolo¢nost Metrostav a.s.

Tunel Bikos

Vystavba tunela Biko$ dizky 1155 m pokracovala aj v lete roku
2021. Tunel Bikos s dvomi rdrami je stiastou 4,3 km dlhého tseku
rychlostnej cesty R4 PreSov, severny obchvat, 1. etapa.

Razenie oboch tunelovych rir od severného portalu tunela sa za-
¢alo v maji 2020. Ako prva bola prerazend zapadna tunelova rira
27. maja 2021. Prerazka druhej, vychodnej tunelovej riry sa konala
30. juna 2021. V letnych mesiacoch prebiehaju betondze sekundar-
neho ostenia v zdpadnej tunelovej rire, pricom 9. jila je hotovych 35
blokov hornej klenby s pravidelnou dikou bloku 12,5 m. Prebiehaji
tieZ prace na zakladovych konstrukciach hibenych tunelov a prace na
budove technologickej centraly.

Jfoto Ing. J. Frantl photo courtesy of Ing. J. Frantl
Obr. 8 Celba tunelu
Fig. 8 Tunnel excavation face

of the year, when the work is expected to be completed by concreting
the secondary lining and the overall work on the final lining.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Presov tunnel

The PreSov tunnel is a motorway tunnel under construction in
Slovakia. It is located in the PreSov West — PreSov South section of
the D1 motorway. The route of the tunnelled part of the southwestern
by-pass of PreSov will be formed by two independent tunnel tubes —
the 2230.5m long northern tunnel tube and 2244.0m long southern
tunnel tube.

In the past period, work on the PreSov tunnel has progressed
to the final stage. From a construction point of view, the tunnel is
practically completed. Only details such as grouting of expansion
joints around the covers of cable manholes, marking of emergency
call niches and emergency bays and walkways at the portals of the
tunnel remain to be completed.

The installation of equipment units in the tunnel is currently
being completed and tests of individual facilities are underway. The
cable manholes are being inspected and the individual manholes
are gradually closed, including the filling of joints with sealant
preventing the penetration of tunnel washing water into their interior.
The portal structures are completed at the eastern portal, including
terrain finishing, which was very difficult to be carried out on the
steep slopes of Malkovska Horka hill. At the western portal, work
is underway to complete the portal backfills and ground shaping;
the backfills are 80% complete. So far, no ground shaping has been
carried out at both portals of the tunnel. In pre-portal areas, asphalt
mixtures are laid on access roads as well as on the main route. As a
result, traffic in one or the other tunnel tube is gradually limited so
that one tube is always passable and can serve as a communication
artery for the transport of material and workers along the route
during construction of the motorway being completed. In the second
quarter of this year, the Contractor started the hand-over proceedings
for individual structures. By the end of June, we managed to hand
over to the project owner three structures out of a total of twelve,
which are part of the PreSov tunnel. The contractor plans to hand
over all structures to the customer by the end of August. Together
with residents of PreSov and the population of the Slovak Republic,
we are looking forward to putting of this motorway section into
service by the end of 2021.



TuNel

Zhotovitelom stavby je zdruZenie spolocnosti Vahostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej uve-
denie do prevadzky sa oakava na jar 2023.

Tunel Cebrat

Stcastou dialni¢ného tseku D1 Hubova — Ivachnova bude dvojru-
rovy tunel Cebrat s dikou 3 680 m. Potom, ako boli diagnostikované
rozsiahle problémy so stabilitou Gizemia na zdpadnom portéli tunela
Cebraf a nadvizujicom tseku dialnice, do§lo ku rozsiahlej zmene
trasy dialnice a tunela a tieZ k jeho prediZeniu z povodnej dizky pri-
blizne 2 km. Zmena trasy musela byt nanovo posudend v procese
posudzovania vplyvov na Zivotné prostredie a povolend v izemnom
a stavebnom konani v zmysle stavebného zakona.

Pripravné préace pre razenie tunelovych rir od zédpadného porta-
lu zacali na zaklade rozhodnutia o zmene stavby pred dokonc¢enim,
ktoré bolo Specidlnym stavebnym dradom vydané zaciatkom aprila
2021 a je pravoplatné od 24. maja 2021.

V jili 2021 je v pravej tunelovej rire vyrazenych 3 333 metrov
a v lavej 3 250 metrov. Podla sic¢asnych odhadov by mal byt dsek
dokonceny a odovzdany verejnosti na pouZivanie v druhej polovi-
ci roku 2023.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, a.s., a Va-
hostav-SK, a.s.

Tunel Visihoveé

Najdlhsim slovenskym dialni¢nym tunelom bude tunel Vistiové
s dizkou 7,5 km na useku dialnice D1 Lietavska Licka — Vistiové —
Dubné Skala. Histéria jeho pripravy a vystavby je dlhsia a kompliko-
vanejsia nez ktorehokolvek iného dialni¢ného tseku na Slovensku.
Stavebné prace v priestore budiceho tunela zacali uz v roku 1998 ra-
zenim prieskumnej Stdlne. V rokoch 2009 az 2010 bol v ramci prip-
ravnych prac PPP projektu vybudovany zapadny portdl tunela, ktory
po pred¢asnom ukonceni projektu zostal niekolko rokov bez zmeny.
Vystavba tseku zacala opdtovne v juni 2014, pricom obe riry tunela
Visiové boli prerazené v auguste 2018. V polovici roku 2019 boli
prace na dialni¢nom tuseku vratane tunela pred¢asne ukoncené na
zaklade dohody medzi objedndvatelom, Néarodnou dialni¢nou spo-
lo¢nostou a zhotovitelom, zdruZenim Salini Impregilo — Duha.

Po ukonceni nového verejného obstardvania, ktoré prebiehalo
v pocas roku 2020, bolo vo februari 2021 vydané oznamenie, Ze vi-
tazom sutaze sa stala spolocnost Skanska SK, a.s. Zmluva o dielo
bola obomi stranami podpisana 23. aprila 2021. V stcasnosti v tu-
neli prebiehaji prace na reprofilacii primarneho ostenia a betonazi
zakladovych pasov.

Pre uvedenie dialnice do prevadzky bude okrem stavebnej Casti
potrebné dokoncit aj technologicku cast tunela, kde ale verejné ob-
stardvanie eSte nebolo zacaté.

Ing. JIRI BRICHNAC, Metrostay a.s.,
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia

TUNELY NA ZELEZNICNEJ SIETI

Zeleznicny tunel Milochov

Na preklenutie dpétia vrchu Stavna, juZzne od miestnej Casti Horny
Milochov mesta Povazskd Bystrica, je navrhnuty novy tunel Milo-
chov. Projektovana dizka tunela je 1861 m. Tunel m4 jednu tnikovi
$toliu, ktora vyustuje v obci Horny Milochov.

Koncom juina 2021 sa v tunelovej rire ukoncili betonarske prace
sekundarneho ostenia. V sticasnosti prebieha kontrola kvality povr-
chu ostenia a realizuji sa vyspravky. Bezpec¢nostné chodniky spolu
s kdblovodmi, ktoré st umiestnené pod nimi, su zhotovené po uniko-
vi $tdlnu a pokracuje sa v pracach na nich v druhej polovici tunela.
V dne tunela sa dokoncuji prace na odvodneni pre zvrSok a nasledne
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The contractor for the construction of the southeastern by-pass
of the town of PreSov is the Zdruzenie D1 PreSov consortium
(EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s., Metrostav
a.s., Metrostav Slovakia a.s.), with Metrostav a.s. in the position of
the contractor for construction of the PreSov tunnel.

Biko$ tunnel

The construction of the 1155m long Biko$ tunnel continued in the
summer of 2021. The twin-tube Biko$ tunnel is part of the 4.3km
long section of the R4 PresSov fast highway, northern bypass, stage .

The excavation of both tunnel tubes from the northern portal of
the tunnel began in May 2020. The western tunnel tube was broken
through first, on 27 May 2021. The breakthrough of the second,
eastern tunnel tube took place on 30 June. In the summer months,
concreting of the secondary lining takes place in the western tunnel
tube, while as of July 9, 35 blocks of the upper vault with a regular
block length of 12.5m have been completed. Work is also underway
on the foundation structures of cut-and-cover tunnels and on the
technical centre building.

The contractor for the construction is a consortium formed by the
companies of Vahostav-SK, a.s. and TuCon, a.s. The completion of
the fast highway and its opening to traffic is expected in spring 2023.

Cebrat tunnel

The 3680m long Cebrat double-tube tunnel will be part of the
Hubova — Ivachnova section of the D1 motorway. After extensive
problems with the stability of the area at the western portal of
the Cebrat tunnel and the linking sections of the motorway were
diagnosed; the route of the motorway and the tunnel was significantly
changed and the original length of approximately 2km was extended.

The change in route had to be re-assessed in the Environmental
Impact Assessment process and was permitted in the new zoning and
construction proceedings in accordance with the Building Act.

Preparatory work for the excavation of tunnel tubes from the
western portal began on the basis of a decision to change the
construction before completion, which was issued by a special
building authority in early April 2021 and is valid from 24 May
2021.

In July 2021, excavation of 3,333 metres has been finished in the
right tunnel tube and 3,250 meters in the left tube. According to
current estimates, the section should be completed and handed over
to the public for use in the second half of 2023.

A consortium formed by OHL 78S, a.s., and Vahostav — SK, a.s., is
the construction contractor.

Visnové tunnel

The 7.5km long Vistiové tunnel, which is part of the Lietavska
Lucka — Visiové — Dubna Skala section of the D1 motorway, leading
south of the regional capital Zilina, will be the longest motorway
tunnel in Slovakia. The history of its preparation and construction is
longer and more complicated than the history of any other motorway
section in Slovakia. Construction work in the area of the future
tunnel began in 1998 by the excavation of an exploratory gallery.
The western portal of the tunnel was built in the years 2009 to 2010,
as part of the preparatory work for the PPP project. It remained
unchanged for several years after the premature termination of the
project. The construction of the section re-started in June 2014. Both
tubes of the Visiové tunnel were broken through in August 2018. In
the middle of 2019, the work on the motorway section, including
the tunnel, was prematurely terminated on the basis of an agreement
between the project owner, the National Highway Company and the
contractor, the Salini Impregilo — Dtiha consortium.

After the completion of the new public procurement proceedings,
which took place during 2020, a notice was issued in February 2021



30. rocnik - €. 3/2021

Obr. 9 Bezpecnostné madlo v tuneli Milochov
Fig. 9 Safety handrail in Milochov tunnel

sa bude moct navazat samostatny zvrSok, ktory bude z lomového ka-
meniva. Tym, Ze tunel je dlhy 1861 metrov, elektrické kédble pre nu-
dzové osvetlenie a NN zasuvkové rozvody sa zatahuju na dve Casti.
Od vychodného portélu po tnikovu §toliiu uz prebieha zatahovanie.
PribliZzne v polovici tunela uz je nainStalované aj bezpecnostné mad-
lo (obr. 9). Z dalSich technolégii sa v tuneli vitaji tichyty na upevne-
nie konzol pre trak¢né vedenie.

V tinikovej Stolni (obr. 10) boli taktieZ dokoncené betondrske prace
na sekundarnom osteni. Pripravuje sa realizdcia pochddznej vrstvy,
buduju sa priecky, do ktorych sa namontujui dvere. Smerom od tune-
la sa osadia poZiarne dvere, smerom od portdlu technologické dvere
na vytvorenie pretlakovej vzduchovej komory. Na portali sa bude
realizovat prechodovy blok z razeného tunela do otvoreného priesto-
ru, ktory bude mat tvar zrezaného obdiznika. V styku so svahmi na
portéli bude tvorit pohladovy prvok nastupnej plochy pred Stoliiou.

Postup pod zemou v tuneli ¢i $tdlni sa da charakterizovat finaliza-
ciou stavebnych prac a rozbehom prac na technologickom vybaveni
tunela.

R e % g 1 e

Obr. 11 Vychodny portdl tunela Milochov
Fig. 11 Eastern portal of Milochov tunnel

Obr. 10 Unikovd §toliia tunela Milochov
Fig. 10 Escape gallery of Milochov tunnel

that the winner of the competition
was Skanska SK, a.s. The work
contract was signed by both parties
on April 23, 2021. Currently, work
is underway in the tunnel on the
reprofiling of the primary lining and
concreting of the strip footings.

In order to bring the motorway
into service, it will also be necessary
in addition to the completion of the
civil engineering part to complete the
tunnel equipment part of the tunnel.
However, the public procurement has
not yet begun.

Ing. JIRI BRICHNAC,
Metrostay a.s.,

Ing. MILOSLAV FRANKOVSKY,
Slovak Tunnelling Association

TUNNELS ON RAILWAY
NETWORK

Milochov railway tunnel

The new Milochov tunnel is
designed for overcoming the bottom
of Stavna hill south of the municipal
district of Horny Milochov of the
town of Povazska Bystrica. The
tunnel length design amounts to 1861 metres. The tunnel has one
escape gallery ending in the municipality of Horny Milochov.

At the end of June 2021, the concreting of the secondary lining
was completed in the tunnel tube. At present, the quality of the tunnel
lining surface is being checked and repairs are being carried out.
The safety walkways, together with the cable ducts located below
them, are finished up to the escape gallery and the work on them
continues in the second half of the tunnel. At the tunnel bottom, work
on the drainage for the ballasted trackwork is being completed, and
subsequently, it will be possible to bring the ballast made from rubble
stone. Because the tunnel is 1861 metres long, the electric cables for
emergency lighting and LV socket wiring are being installed in two
parts. From the eastern portal to the escape gallery, installation of
the cables is already underway. A safety handrail is already installed
approximately up to the tunnel midpoint (see Fig. 9). Of other
technologies, drilling for brackets proceeds in the tunnel to attach the
catenary. Concreting of the secondary lining has also been completed
in the escape gallery (see Fig. 10). Work on the walkable surface layer
is being prepared, the dividing walls into which doors will be mounted
are being built. Fire check doors will be installed in the direction from
the tunnel, in the direction from the portal, technology doors will be
installed to create a chamber with pressurised air. A transition block
from the mined tunnel to the open space, which will have the shape of
a rectangle with cut off corners, will be built at the portal. At contact
with the slopes at the portal, it will form an architectural element of
the mustering area in front of the gallery.

The progress of underground work in the tunnel or the gallery can
be characterised by the finalisation of civil engineering work and the
start of work on the tunnel equipment.

At the eastern portal of the tunnel (see Fig. 11), the cut-and-cover
tunnel was covered with earth, which enabled the construction of the
base layers for the local road running above the tunnel. Retaining



Tuel

Na vychodnom portli (obr. 11) tunela bol presypany hibeny tunel,
¢im sa umoznilo zrealizovanie podkladovych vrstiev pre miestnu
komunikéciu, ktora je vedend ponad tunel. K pohladovej vjazdovej
stene tunela boli z oboch stran dobudované oporné steny z beténo-
vych tvarnic a vytvorili tak celok okolo nastupnej plochy. V oblasti
portélu sa ukladaji vedenia inZinierskych sieti a kontrolné Sachty, po
stavebnej Casti sa finalizuje technologicky domcek s automatickou
tlakovou stanicou.

Na zdpadnom portdli sa finalizuju prace na konec¢nych terénnych
tpravéch. Bol dokonceny 3D systém Krismer ako ochrana povrchu,
ktory bol docasne zabezpeceny striekanym beténom. Okolo hibenej
Casti tunela sa vybudoval ,,sarkofdg® z vystuzenej zeminy a pohla-
dovych prvkov z gabiénov. V priestore portdlu prebiehaju price pre
ukladanie inZinierskych sieti a kontrolnych §acht.

Celu stavbu realizuje zdruZenie Nimnica zloZzené zo spolocnosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Milochov
realizuje spolo¢nost Subterra a.s. Generdlnym projektantom pre
investora Zeleznice Slovenskej republiky je spolo¢nost REMING
CONSULT a.s.

Ing. JAN KUSNIR, MDV SR, poradca ministra
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walls made of concrete blocks were carried out on both sides of
the facing entrance wall of the tunnel, thus creating a complete unit
around the entrance area. In the area of the portal, the engineering
network lines and manholes are being placed; after the civil
engineering part, a services building with an automatic water booster
pump station is being finalised.

The work on the final terrain trimming is being finalised at the
western portal. The 3D Krismer system was completed as protection
of the surface, which had been temporarily stabilised with shotcrete.
A ,,sarcophagus‘ made from reinforced earth and facing elements of
gabions was built around the cut-and-cover part of the tunnel. In the
portal area, work required for the placement of engineering networks
and manholes is underway.

The whole construction is carried out by the Nimnica consortium
consisting of the companies of Doprastav — TSS Grade - SUBTERRA
— EZ Praha. The Milochov tunnel is carried out by the company of
Subterraa.s. The general designer for Zeleznice Slovenskej Republiky
(Slovak Railways) is the company of REMING CONSULT a.s.

Ing. JAN KUSNIR, MDYV SR, adviser to the president

2 HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY V NEMECKU IlI

PICTURE POSTCARDS WITH TUNNELS IN GERMANY IiI

Germany is a promised country for picture postcard collectors.
Significant but also completely local monuments of nature, archi-
tecture, technology, various attractions, events and personalities are
shown on old as well as contemporary postcards ... Among them,
those with tunnels can also be seen. In this, yet not ending series on
postcards with tunnels, two parts exclusively with tunnels in Ger-
many were presented, as well as a number of postcards from this
country with the underground structures, in thematic groups (al-
pine, immersed, urban tunnels, etc.). In this part, mostly postcards
with German railway tunnels, but also with the oldest road tunnel
in Prussia (Engelslay tunnel) are newly introduced.

Némecko je zaslibenou zemi sbératelt pohlednic. Na starych,
ale i soucasnych postovnich pohlednicich jsou zde zobrazovany
vyznamné i zcela lokdlni pamatky piirody, architektury, techniky,
rizné zajimavosti, udélosti a osobnosti... Mezi tim jsou vidét i ty
s tunely. V tomto, zatim nekonc¢icim, seridlu o pohlednicich s tu-
nely byly tak uvedeny jiz dva dily vyhradn€ s tunely v Némecku
a také rada pohlednic z této zemé s predmétnymi podzemnimi ob-
jekty v tematickych skupinach (tunely alpské, podvodni, méstské
etc.). V tomto dilu jsou pak nové predstaveny prevazné pohlednice
s némeckymi Zelezni¢nimi tunely, ale také s nejstar$im vibec sil-
ni¢nim tunelem v Prusku (tunel Engelslay).

TUNELY V ALTENAHR

Vyznamné letovisko Altenahr leZi v udoli feky Ahr, pfi okraji
pohoti Eifel ve spolkové zemi Poryni — Falz. Nad obci se ty¢i oso-
bitd zficenina hradu Are. Skrze vyraznou prekazku skalniho os-
trohu Engelslay, obtékanou fekou Ahr a branici tak od pradavna
spojeni s dolni ¢asti idoli Ahrtal, byly vyrazeny tunely, ze kterych
je odvozené i viceméné vSeobecné znamé pojmenovani mista jako

, Udoli ti tuneld (obr. 1 aZ 3).

Obr. 1 Ahrtal. Podivand z vyhlidky Niickelchen na ziiceninu Are a na tunely.
Stard, silné retuSovand, fotografie. Nr. 10795. Pfed 1910. [sbirka autorii]

Na pohlednici jsou zdpadni portdly vSech tii tunelii, a to zleva: Severni a jizni
Zeleznicni tunel a tunel silnicni. Pohlednice na obr. 1 aZ 3 (viz) ilustruji postupu-
Jict urbanizaci této cdsti obce Altenahr.

Fig. 1 Ahrtal. A view from the Niickelchen lookout of the Are ruins and the
tunnels. Old, heavily retouched, photograph. Nr. 10795. before 1910. [authors’
collection]

On the postcard there are the western portals of all three tunnels, left to right:
the northern and southern tunnels and the road tunnel. Picture postcards in
Figures 1-3 illustrate the progressing urbanisation of this part of the Altenahr
municipality.

e Silni¢ni tunel Engelslay. Jeho stavba byla zahijena 1832,
prorazka (za ucasti pruského korunniho prince) pripadla na
19. 11. 1833 a do provozu byl uvedeny 25. 11. 1834. Jako vi-
bec prvni tunel v tehdej$im Prusku se stal dobové prvottidni
atrakci. Vzhledem k nartstajicim potfebam dopravy byl tunel
jiz roku 1867 reprofilovany. Jeho posledni velka tprava pak
probéhla pomérné nedavno, v letech 1969-1970. Nyni je 69 m
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Adrtal . ALTEYRIE, Basp=mpnr ber mil v § Tawnere

Obr. 2 Ahrtal. Altenahr, ziicenina hradu Are se 3 tunely. Ruina hradu Are,
postaveného zacdtkem 12. stoleti jako sidlo hrabat 7 Are-Hochstadenu. Ze zri-
ceniny je nddherny vyhled do iidoli Ahrtal. Kolorovand fotografie. Ka-Ro-Ba-
-Ne-Gro verlag. Okolo 1910. [sbirka autori]

Silnicni tunel (vpravo) je na obrdzku dosud vybaveny piivodnim profilem z roku
1867.

Fig. 2 Ahrtal. Altenahr ruins of Are castle with 3 tunnels. Ruins of Are
castle built at the beginning of 12" century as a seat of the counts of Are-
Hochstaden. From the ruins there is a wonderful view of the Ahrtal valley.
Coloured photograph. Ka-Ro-Ba-Ne-Gro verlag. Around 1910. [authors’ col-
lection]

The road tunnel (for the right) is still equipped with the original profile from
1867.

dlouhy tunel na spolkové silnici B267 vybaveny dvéma jizdni-
mi pruhy + chodnikem pro pési.

o Zelezni¢ni tunely Engelslay. Driaha normalniho rozcho-
du tdolim feky Ahr (Ahrtalbahn) byla do Altenahru otevie-
nd 1. 12. 1886. Z dfive vyznamné se rozvijejici Zeleznice je
vSak nyni, po slozitych historickych a ekonomickych peripe-
tiich, v uZivani pouze torzo délky 29 km, spojujici Remagen

s Ahrbriickem. Nachazi se zde pét tunelt dlouhych od 66 do
384 m. Ze dvou jednokolejnych tunelii prochazejicich skalou
Engelslay — severniho (85 m) a jizniho (66 m, nejkratsi na dré-
ze) — zbyva dnes Zeleznici jen jizni. Opraveny severni tunel se
stal soucasti frekventované cyklostezky. Historicky zajimavé
je rovnéz to, Zze vSechny tunely trati byly za 2. sv. valky vyuZi-
vany pro potieby zbrojni vyroby. [1, 2, 3]

TUNELY NA HOLLENTALSKE DRAZE

Hollentalskou drahou je zvana Zelezni¢ni trat v jiznim Schwar-
zwaldu, z Freiburgu pfes Hollental do Donaueschingen, ve spol-
kové zemi Badensko-Wirtembersko. Je prevazné jednokolejna
a je povazovana za nejstrmé&j$i hlavni trat v SRN (se sklonem az
57,14 %o). Vystavba trati probihala s prestivkami od roku 1882
do otevreni 20. 8. 1901. V roce 1936 byla elektrifikovana. Nazev

Obr. 3 Altenahr se ziiceninou Are a se 3 tunely. Hotel — Restaurace — Domdci
hamburgery 5481 Altenahr/Ahrtal, Bernhard Grosse-Gorgemann. Aufnahme
und Verlag F. G. Zeitz KG., Konigssee (Obb.). 1991. [sbirka autorii]

Severni Zeleznicni tunel (vlevo) je jiz bez koleje, pro Zeleznicni dopravu tak zbyvd
Jen jizni z obou tunelit (na pohlednici prostiedni). Silnicni tunel (vpravo) je jiZ
v rozSireném profilu z rekonstrukce 1969—1970.

Fig. 3. Altenahr with Are ruins and 3 tunnels. Hotel — Restaurant — Home-
made hamburgers 5481 Altenahr/Ahrtal, Bernhard Grosse-Gorgemann.
Aufnahme und Verlag F. G. Zeitz KG., Konigssee (Obb.). 1991. [authors’ col-
lection]

The northern railway tunnel (for the left) is no longer with a track, so only the
southern one of the two tunnels (on the middle of the postcard) remains for rail
transport. The road tunnel (for the right) is already in the extended profile from
the reconstruction of 1969—1970.

Obr. 4 Cesta umélcii (Kunststrasse) a Hollentalskd drdha (Hollentalbahn).
Pozdrav ze Schwarzwaldu. Barevnd kresba. Stengel & Co., Dresden u. Berlin
15851. Okolo 1910. [sbirka autorii]

Vyichodni portdl krdtkého tunelu Ravena z vyhlidky Breitnau. Za tunelem je videt
plivodni most Ravena z roku 1887. Vlevo se tdhne tidoli potoka Rotbach a vpravo
se nad trati a silnickou tyci skdly Kreuzfelsen. Misto mélo, a dodnes md vyznam-
ny rekreacni charakter.

Fig. 4 Artists‘ Path (Kunststrasse) and Hollentalrail line (Hollentalbahn).
Greetings from Schwarzwald. Colour drawing. Stengel & Co., Dresden
u. Berlin 15851. Around 1910. [authors’ collection]

The eastern portal of the short Ravetunnel from the Breitnau lookout. Behind
the tunnel you can see the original Raven Bridge from 1887. The valley of the
Rotbach stream stretches to the left, and to the right, the Kreuzfelsen rocks rise
above the track and road. The place had, and still has, a significant recreational
character.




TuNel

(Hollental — ,,Pekelné udoli*) dali cesté udajné v roce 1796 prcha-
jici Napoleonovi vojaci. Jedna pohlednice s tunelem ,,Ravena“ byla
v wtomto seridlu ostatné uvetejnéna jiz v Tunelu ¢. 4/2016.

Na trase Zeleznice je 15 tuneld, délky od 15 do 535 m — sumarné
2908 m [4, 5, 6]. Z téchto objektli jsou na pohlednicich v tomto
prispévku prezentované tfi.

* Tunel Ravena — druhy nejkratsi tunel drahy. Mél pivodné

85 m, ale po rekonstrukci navazujiciho viaduktu ,,Ravena‘
v roce 1927 (obr. 4) byl zkraceny na pouhych 47 m.

e Dolni tunel Hirschsprung (obr. 5). Je dnes dlouhy 121 m
a spolecné s Hornim tunelem Hirschsprung (viz dale) privadi
Zeleznici do zastavky, pojmenované, jak jinak, Hirschsprung
(,,Jeleni skok®). Lokalita je tak od stfedovéku zvana podle
uniknuti jelena lovcim skokem pfes mistni, a ptivodné jen
9 m Sirokou, skalni prarvu (udélost je pfipominana sochou

Obr. 5 Hollenthal. U tunelu Hirschsprung (,,Jeleni skok*). Kolorovand foto-
grafie. 1142 Auto-Chrom. Louis Glaser, Leipzig. 1903. [sbirka autori]

Na pohlednici je vychodni portdl Dolniho tunelu Hirschsprung. Oba portdly
tohoto tunelu byly vybavené charakteristickou kaskddovitou rimsou. Tato je
dnes zakrytd predstavenou krdtkou galerii pro ochranu pred padajicimi kame-
ny. Vlevo, soubézné s Zeleznici, je vedend silnice B31 Hirschsprung.

Fig. 5 Hollenthal. At the Hirschsprung tunnel (,,Deer Jump). Coloured
photograph. 1142 Auto-Chrom. Louis Glaser, Leipzig. 1903. [authors’
collection]

The postcard shows the eastern portal of the Lower Hirschsprung tunnel. Both
portals of this tunnel were provided with a characteristic cascading ledge.
Today, the ledge is covered by a short gallery built in front of the ledge for
protection against falling stones. For the left, parallel to the railway, is the
B31 Hirschsprung road.
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Obr. 6 Hollental. Zeleznice, silnice, ,,Pekelny potok* (Héllenbach) a ,,Jeleni pé-
Sina“ (Jagerpfad). Verlag Paul Hinsche, Freiburg i. Br. Aufn. E. Baumgartner.
Okolo 1930 (?). [sbirka autorii]

Zdpadni portdl Horniho tunelu Hirschsprung. V iizkém iidoli jsou (odleva) cha-
rakteristicky sméstnané: Zeleznice, silnicka, bystfina a stezka pro pési.

Fig. 6 Hollental. Railway, road, “Hellish Stream” (Hollenbach) and
“Deer Path” (Jdgerpfad). Verlag Paul Hinsche, Freiburg i. Br. Aufn.
E. Baumgartner. Around 1930 (?). [authors’ collection]

Western portal of the Upper Hirschsprung . In the narrow valley there are (from
the left) characteristically crammed: railway, road, stream and footpath.

z roku 1907). Tento dboc¢ni tunel byl 23. 4. 1945 znic¢eny
Wermachtem; ndklady na celkovou rekonstrukei byly nasledné
v roce 1947 vycisleny na 250 tis. RM. Pfed vychodnim por-
talem tunelu byla v 60. letech 20. stol. dobudovana kritkd ga-
lerie.

e Horni tunel Hirschsprung (obr. 6). Je dnes dlouhy 69 m. Ob-
dobné, jako u Dolniho tunelu Hirschsprung, je rovnéz na vy-
chodnim portélu od 60. let 20. stol. doplnény kritkou galerii.

DRAHA NA WENDELSTEIN

Po jedné pohlednici s tunelem Wendelsteinské drahy se Ctenari
tohoto seridlu setkali jiZ v Tunelu ¢. 4/2016 a 4/2018. Jen pro pfi-
pomenuti.

Wendelstein (1 838 m n. m.) je turisticky mimofadné expono-
vanou horou v bavorskych Alpach. Na vrchol (se zndmym kos-
telem) vede pamatkové chrdnénd zubacka, jiz jen jedna ze Ctyf,
které v Némecku zbyvaji. Jeji stavba byla zahdjena 29. 3. 1910,
slavnostni otevfeni pfipadlo na 25. 5. 1912. Prace v extrémnich
podminkéch byla dilem pfedevSim Itald a Bosiaku, kterych zde
pracovalo az okolo 800.

Trat, vedena prevazné€ po vychodni strané hory, ma rozchod
1 000 mm, max. sklon 237 %o a jeji puvodni délka byla 9,95 km;
v 60. letech 20. stol. byla zkracend na dneSnich 7,66 km. 1987—
1991 zde probéhla zasadni modernizace. Nachazi se zde osm ga-
lerii a sedm tuneld, dlélky od 16 do 119 m (X 324 m) (obr. 7). [7]

TUNEL BRANDLEITE

Jedna pohlednice s Zelezni¢nim tunelem Brandleite byla uvede-
na jiz v Tunelu 4/2018, proto jen stru¢nd rekapitulace.

Dvoukolejny tunel Brandleite je na trati Neudietendorf — Rit-
schenhausen, mezi stanicemi Gehlberg a Oberhof. Nejdelsi Zelez-
ni¢ni tunel nejen v Duryiisku, ale i v byvalé NDR (3 039 m) je
pojmenovany podle jim pfekondvaného hiebene Durynského lesa.

Stavba byla zahdjend v roce 1881, prorazka pripadla na 7. 2.
1883 a slavnostni otevieni provozu probéhlo 1. 8. 1884. Zajima-

vosti bylo pouziti tzv. Belgické tunelovaci metody pifi stavbé. Bé-
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Obr. 7 Wendelsteinskd drdha. Schwalgerwandtunnel (,,Tunel ve vlastovci ste-
né“) pod kostelem Wendelstein. Nr. 1012 Gebirgskarten-Verlag H. Birkmeyer,
Brannenburg a. Inn. 1942. [sbirka autorii]

Vjezdovy portdl vicholového tunelu 7 (35 m) pod kostelem je fotografovany z vy-
Jjezdového portdlu tunelu 6 (119 m). Za pozornost stoji origindlni konstrukce za-
veéSenti troleje. Tunely nejsou dodnes vyzdéné. Pohlednice z vyletu na Wendelstein
byla odesland 16. 8. 1942, uprostied vdlky, do protektordtu Bohmen u. Mchren.
Fig. 7 Wendelstein railway. Schwalgerwand tunnel (,,Tunnel in Swal-
low Wall“) under Wendelstein church. Nr. 1012 Gebirgskarten-Verlag
H. Birkmeyer, Brannenburg a. Inn. 1942. [authors’ collection]

Entrance portal of summit tunnel 7 (35m) under the church is photographed
from the exit portal of tunnel 6 (119 m). The original design of the overhead
catenary suspension is worth attention. The tunnels are not provided with
masonry lining to this day. A postcard from a trip to Wendelstein was sent to

the Protectorate of Bohemia and Moravia on August 16, 1942, in the middle of

the war.

hem praci pfislo v disledku nehod o Zivot 5 tuneldrd a cca dalSich
100 zemftelo na riizné nemoci.

Ve 30. letech 20. stol. byla obezdivka tunelu zesilovana, 2004—
2005 byla proveden celkové rekonstrukce. Asi 350 m od zépadni-
ho portélu (obr. 8) kiiZuje tento Zeleznicni tunel novy silni¢ni tunel
Rennsteig (otevieny 2003); ten je vedeny pouze 5 az 6,5 m nad
jeho zaklenkem.

Tunelem Brandleite Casto projizdéji vyletni vlaky taZené parni
trakci a dnes jde tak o nejdelsi usek pary v tunelu klasického profilu
u DB. [8]

doc. Ing. VLADISLAV HORAK, CSc.
Ing. RICHARD SVOBODA, Ph.D.

Obr. 8 Pozdrav z Oberhofu v Duryrisku. NddraZi. Verlag R. Braune, Arnstadt.
1901. [sbirka autorii]

Na pohlednici je vidét standardni nddraZi budova RiSskych drah ve zndmém
stredisku zimnich sportii. Bezprostiedné za nddraZim je zdpadni portdl tunelu
Brandleite.

Fig. 8 P Greetings from Oberhof in Thuringia. Railway station. Verlag
R. Braune, Arnstadt. 1901. [authors’ collection]

The postcard shows the standard railway station building of the Imperial
Railways in the famous winter sports centre. The western portal of the Brandleite
tunnel is immediately behind the station.
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2 CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

NOVINKY Z PRACOVNI SKUPINY CZTA_YOUNG MEMBERS
NEWS FROM YOUNG MEMBERS WORKING GROUP OF THE CZTA

Obr. 1 Exkurze skupiny do Obristvi
Fig. 1 WG excursion to Obristvi

The new Working Group “Young Tunnellers” organised the first
larger event in the spring. It was an excursion to the excavation of a
water supply pipeline under the Elbe using the controlled MMS AVN
microtunnel boring machine in Obfistvi u Mélnika. The working group
also informs that a general meeting of the Young Members took place
within the framework of the International Tunnelling Association
(ITA) on 29 June. The ITA_ym chairwoman Jasmin Amberg informed
member organisations about the group’s activities over the past year.
An election of one of the six members of the organisation’s presidium
also took place during the assembly. However, no candidate was
elected, as none received more than half the number of votes required
according to the ITA rules. Finally, Eydbjgrg Petersen from the
Danish Tunnelling Society informed about the preparation of the
World Tunnel Congress WTC 2022 in Copenhagen.

Na sklonku minulého roku byla zaloZena nové pracovni skupina
»Mladi tunelari. I pres panujici protiepidemicka opatfeni v uply-
nulém pilroce se skupina snazila byt co nejvice aktivni.

Na jafe se ndm podarilo usporadat prvni exkurzi skupiny. Jed-
nalo se o exkurzi na razbu vodovodu fizenym mikrotunelovacim
strojem MMS AVN pod Labem v Obfistvi u Mélnika. Exkurze se
ucastnilo celkem 18 ¢lentt CZTA_ym (obr. 1), véetné stavbyvedou-
ciho a operétora raziciho stroje Jana Brabce z HYDROTECHNIK
PRAHA spol. s r.0. Pravé Jan Brabec umoZznil CzTA_ym exkurzi
zorganizovat a provadél skupinu celou stavbou. Pred samotnym
vstupem na stavenisté byla skupina teoreticky seznamena s prin-
cipem protlacovani (fungovanim razictho stroje, instalaci osténi
i geologickymi poméry stavby). Poté se skupina presunula na sta-
venisté, kde ¢lenové mohli sestoupit pfimo do startovaci Sachty, ze
které razba probiha (obr. 2). Dale méli ticastnici pristup do velina,
kde mohli sledovat operatora, ktery v tu chvili navadél razici Stit,
upravoval pratoky vyplachovych Cerpadel nebo rychlost tlacnych
pisti. Nakonec jim byla ukdzana separacni jednotka, ke které je do-
pravovana vytéZend rubanina z Celby, aby mohla byt separovana od
transportniho média. Celd akce byla aspésné zakoncena prohlidkou
mésta Mélnik a nav§tévou mistniho mikropivovaru.

Dne 29. ¢ervna probéhlo valné shromaz-
déni Young Members v rdmci Mezinarodni
tunelarské asociace (ITA). Valné shroméz-
déni probéhlo opét on-line. Predsedkyné
ITA_ym, Jasmin Amberg, informovala
Clenské organizace o Cinnosti skupiny za
uplynuly rok. Bé&hem shromaZzdéni dale
probéhla volba na jedno volné misto ze Ses-
ti ¢len predsednictva organizace. O toto
volné misto se uchédzelo 13 kandidatu, kte-
i v ramci zaseddni prezentovali své vize
ohledné dalsiho rozvoje organizace. Na-
vzdory tomu, Ze volba probéhla tiikolove,
nebyl zvolen Zadny kandidat, jelikoZ Zadny
z kandidatd neobdrzel podle reguli ITA po-
tfebny nadpolovi¢ni pocet hlasii. Zavérem
informovala Eydbjgrg Petersen z Dénské
asociace o pripraveé svétového tunelarského
kongresu WTC 2022 v Kodani.

V pfipadé zdjmu o ucast na budoucich akcich skupiny ne-
vahejte skupinu kontaktovat prostfednictvim emailu na adrese
cztaym @seznam.cz.

Dr.-Ing. ZDENEK ZIZKA,
zdenek.zizka@metroprojekt.cz,
METROPROJEKT Praha a. s.

Obr. 2 Mikrotunelovacti stroj
Fig. 2 Mikrotunel boring machine
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GEOZest

GEOtest, a.s.

priklady soucasnych aktivit spole¢nosti
pfi pfipravé a vystavbé podzemnich staveb

v Ceské republice.

Praha - Metro I. D,
geologicky priizkum v tseku
Pankrac - Olbrachtova

Realizace série velkorozmérovych
geotechnickych zkousek

v prizkumné stole. Pohled na
provadéni vodorovné smykové
zkousky horninového masivu

s patrnym svislym normalovym
pFitizenim.

Brno - Prodlouzeni
tramvajové trati z ulice
Osova do Kampusu,
geotechnicky monitoring

Inklinometrické méfeni deformace
za rubem milanskych zdi
hloubeného tramvajového tunelu.

Dolni RoZinka

Vyzkum zaméreny na ovéreni
vhodnych geotechnickych

a geofyzikalnich metod, které
prispéji k dokonalejSimu popsani
geologické stavby horninového
masivu a jeho vlastnosti v okoli
podzemniho dila v souvislosti

s planovanou vystavbou trvalého
ulozisté jaderného dopadu na tuzemi
Ceské republiky.

www.geotest.cz

Brno - tunel VMO Vinohrady,
geotechnicky pruzkum
Predbézna etapa geotechnického
prizkumu pro vystavbu silniéniho
tunelu v prostoru sidlisté Vinohrady

v rdmci dobudovani Velkého méstského

okruhu. Pfiklad vystupu priizkumnych
praci v podobé 3D modelu interakce
horninového masivu s tunelovymi
troubami.

Brno - tunel VMO Zabovieska

Geologicky sled a geotechnicky
monitoring vystavby razeného
tramvajového tunelu v ramci
zkapacitnéni silnicniho okruhu
v Useku Brno - Zabovieska.





