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RIZENI A GEOMONITORING RAZEB TUNELU STAVBY 513
SILNICNIHO OKRUHU KOLEM PRAHY

EXCAVATION CONTROL AND MONITORING OVER TUNNELS
IN CONSTRUCTION LOT 513 OF THE PRAGUE CITY RING ROAD
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Stavba 513 Silni¢niho okruhu okolo Prahy (SOKP) patfi k nejvyznam-
néj§im dopravnim stavbam budovanym v sougasnosti na tizemi Ceské
republiky. Po svém dokonceni, spolu se sousednimi stavbami 512 (pro-
pojujicimi jizni ¢ast okruhu s délnici D1) a 514 (jizni ¢ast okruhu na
levém biehu Vltavy, smér letisté Ruzyné a ddlnice D5), pomiZe vyznam-
né sniZit dopravni zatiZeni jizni ¢4sti hlavniho meésta v oblasti Jizn{ spoj-
ky, Barrandovského mostu a Barrandovské radidly.

Nejvétsim objektem stavby 513 je silni¢ni tunel délky 1935 m.

PROJEKT TUNELU

Nové budovany silni¢ni tunel razeny Novou rakouskou tunelovaci
metodou (NRTM) je tvofen dvéma paralelnimi tubusy propojenymi osmi
tunelovymi propojkami.

Jizni tiipruhovy (stoupajici) tunel prevadejici dopravu smérem od dél-
nice D5 k ddlnici D1 je tvoren tfemi stavebnimi objekty — SO 608 hlou-
beny usek u cholupického portdlu, SO 603 razend ¢ast tunelu a SO 606
hloubeny dsek u komoranského portédlu. Celkovd délka tunelu je 1935 m,
z toho razend st 1678 m. Délka hloubenych tseku je 257 m (173 m
Komorany a 84 m Cholupice).

Objektové Clenéni severniho dvoupruhového (klesajiciho) tunelu je
obdobné objektovému sloZeni jizntho tunelu — SO 607 hloubeny usek
u cholupického portdlu, SO 602 razend ¢ést tunelu a SO 605 hloubeny
usek u komoranského portdlu. Razend ¢ast tunelu ma délku 1677 m,
hloubené udseky 248 m (171 m Komorany a 77 m Cholupice).

Délka tunelovych propojek (SO 604) se meni v zdvislosti na jejich polo-
ze. K tunelu také patif vydechovy a nasévaci objekt Nouzov (SO 609).
V ramci tohoto objektu byla vyhloubena 45 m hlubokd vzduchotechnicka
Sachta a v soucasnosti je razena obchozi vzduchotechnicka Stola.

Ve dvoupruhovém tunelu budou provedeny dva odstavné zdlivy délky
60 m (obr. 1).

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Horninovy masiv v trase tunelu tvori dva statigrafické celky ordovik
a proterozoikum.

Ordovické vrstvy jsou zastoupeny pevnymi horninami letenského sou-
vrstvi, které je charakteristické flySovym vyvojem. Souvrstvi je tvofeno

Obr. 1 Posledni zdbér v odstavném zdlivu dvoupruhového tunelu pri razbé od
Cholupic
Fig. 1 The last excavation round at the lay-by in the double-lane tunnel

during the excavation from the Cholupice portal

INTRODUCTION

Construction lot 513 of the Prague City Ring Road (PCRR) pro-
ject belongs among the most important transport-related construc-
tions which are currently being implemented in the Czech
Republic. Once it has been completed, it will, together with the
neighbouring construction lots 512 (a connection between the
southern part of the Ring Road to the D1 motorway) and 514 (the
southern part of the Ring Road found on the left bank of the VItava
River, heading toward the Ruzyn¢ airport and the D5 motorway),
help to significantly reduce the traffic volume in the southern sec-
tor of the capital, in the area of the Southern Connection Road, the
Barrandov Bridge and Barrandov Radial Road.

The largest structure in construction lot 513 is a 1935m long
tunnel.

TUNNEL DESIGN

The new road tunnel, which is being built using the New
Austrian Tunnelling Method (NATM), consists of two parallel tun-
nel tubes, which are interconnected by eight cross passages.

The southern triple-lane (ascending) tunnel tube, which carries
traffic in the direction from the D5 motorway toward the DI
motorway, comprises three sub-structures, i.e. SO 608 ( the cut and
cover section at the Cholupice portal), SO 603 (the mined section
of the tunnel) and SO 606 (the cut-and-cover section at the
Komorany portal). The tunnel is 1935m long in total, with the
mined part 678m long. The cut and cover sections are 257m long
in total (173m on the Komorany side and 84m on the Cholupice
side).

The division of the northern double-lane (descending) tunnel
tube into sub-structures is similar to that of the southern tube:
SO 607 — the cut and cover section at the Cholupice portal, SO 602
— the mined tunnel section and SO 605 — the cut and cover section
at the Komorany portal. The mined part of the tunnel tube is
1677m long; the aggregate length of the cut and cover sections is
248m (Komorany side - 171m; Cholupice side - 77m).

The length of the cross passages (SO 604) varies depending on
their locations. The Nouzov exhaust and intake ventilation structu-
re (SO 609) is also part of the tunnel. A 45m deep ventilation shaft
was sunk within the framework of this sub-structure and
a diversion ventilation adit is being excavated.

Two lay-bys will be provided in the double-lane tunnel, each of
them 60m long. (Fig. 1).

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The rock mass the tunnel route passes through consists of two
stratigraphical units: the Ordovician and Proterozoic.

The Ordovician measures are represented by massive rocks for-
ming the Letnd Member, which is characterised by the flysh backg-
round. The Letnd Member consists mainly of siltstone and silty
shale, with a smaller proportion of quartzite. In an unweathered
condition, the colours of the rocks are mostly grey to black-grey.
These rocks can be classified as sound, slightly weathered in the
vicinity of faults, locally even weathered. The massif is heavily
tectonised. (Fig. 2).

The Proterozoic rocks, which are represented by silty shale,
sandy shale, greywacke to quartziferous shale and greywacke,
form the Pre-Quaternary bedrock throughout approximately a half
of the route length. In an unweathered condition, the rocks are
mostly grey to grey-black; the slightly weathered rocks are usual-
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prevazné prachovci a prachovitymi bridlicemi, méné jsou zastoupeny
kfemence. V nezvétralém stavu maji horniny vétSinou Sedou az ¢ernose-
dou barvu. Tyto horniny lze klasifikovat jako zdravé, v okoli poruch
navétralé, misty az zvétralé. Masiv je silné tektonicky porusen (obr. 2).

Proterozoické horniny zastoupené siltovymi, piscitymi, drobovymi az
kfemitymi bridlicemi a drobami buduji pfedkvartérni podklad zhruba
v poloving trasy. V nezvétralém stavu maji horniny vétSinou Sedou az Cer-
noSedou barvu, navétralé horniny mivaji nazelenalé odstiny a zvétralé hor-
niny jsou hnédé az okrové barvy. Horniny byvaji rezavé a hnéd¢ laminova-
né, deskovité vrstevnaté a na vrstevnych plochdch limonitizované (obr. 3).

Celkové vykazuje horninovy masiv vysoky stupen stability. Vyjimku
tvori priportdlovd ¢ast u cholupického portdlu tunelu (do vzdélenosti cca
150 m od razeného portélu). Z hlediska geotechnického zatridéni vyrubu
neni mezi obéma celky Zadny rozdil. Hranice mezi nimi je velmi obtizné
rozeznatelnd a bude upresnéna na zéakladé petrografickych rozbort vzor-
ku odebranych z vyrubu.

Z hydrogeologického hlediska lze v prostoru trasy vydélit tfi typy
kolektorti. Prvnim je svrchni zvodnéni, které je vdzéno na piipovrchovou
vrstvu navétrani a rozvolnéni ordovickych a proterozoickych skalnich
hornin. Kolektorem ¢asto jsou i nadloZn{ kvartérn{ deluvidln{ sedimenty.
Jedna se o prulinopuklinové zvodnéni vétSinou s volnou hladinou pod-
zemni vody, kterd je pouze lokdln€, pod spraSovymi polohami, napjata.
Hloubkovy dosah zvodné je do cca 30 m.

Ve vétsich hloubkéch hydrogeologického masivu, tvofeného skalnimi
horninami ordoviku a proterozoika, je vyvinuto puklinové zvodnéni.
Hydraulickd vodivost je po téchto, pro vodu predisponovanych cestdch,
vyS$§i nez v nadloZnim piipovrchovém kolektoru.

Tretim typem kolektoru jsou hrubozrnné pisky a misty Stérky
v pleistocénni vltavské terase, kterou prochdzi predportdlovy zdrez
u komoranskych portdld. Jedna se o prulinové zvodnéni s dobrou pro-
pustnosti a s volnou hladinou podzemni vody.

Vyrub i Celba kaloty jsou béhem raZeb prevazné suché. Pouze ve sta-
ni¢eni TM 780 a TM 1060 tifpruhového tunelu dochdzelo k vétSim
av TM 920 a TM 1190 k mens§im vyronim podzemni vody, s postupem
razby ve dné kaloty a nédsledné po dobirce lavice i v po¢vé tunelu. Po
celou dobu razby tifpruhového tunelu se projevoval vyrazny drendzni
u¢inek pruzkumné $toly.

ZPUSOB ZADANI STAVBY

Stejné jako u stavby 514 ovlivnila vznik modelu fizeni (zpusob klasi-
fikace, zatfidovani, ocefiovani a fakturace) pouZitého pro razby tunell
zadavaci dokumentace stavby. Zaddvaci dokumentace tunelu stavby 513
SOKP byla zpracovdna podle stejnych zdsad jako dokumentace stavby
514. Tato problematika je velmi dobfe popsdna v ¢lanku (M. Srb) ktery
vysel v ¢asopise Tunel 2/2008. Nebudeme zde proto opakovat podrobny
popis zaddni, ale uvedeme pouze informace rozhodujici pro vytvoreny
model fizeni razeb.

Pro udcely ocenéni a dhrady razby 1 m tunelu (a samoziejmé i pred-
chézejici nabidky) byly vytvofeny agregované polozky pro jednotlivé
technologické tiidy vyrubu (TTV). Tato agregovand polozka pro 1 m
razeného tunelu se sklddd z jednotlivych ocenénych dil¢ich polozek praci

ly greenish and weathered rocks are brown to ochre. The rocks are
often rusty and brown laminated, heavy-bedded and limonitised on
bedding planes. (Fig. 3)

On the whole, the rock mass exhibits a high degree of stability.
The Cholupice portal part of the tunnel (up to the distance of about
150m from the mined portal) is an exception. In terms of the geo-
technical categorisation of the excavation, there is nearly no diffe-
rence between the two geological units there. The boundary bet-
ween them is very difficult to recognise; it will be adjusted on the
basis of petrographical analyses of the samples taken from the
excavation.

From the hydrological point of view, three types of aquifers can
be found in the area along the route. The first of them is a sub-sur-
face saturated zone, which is bound to the surface layer of the
Ordovician and Proterozoic rocks affected by slight weathering
and loosening. Overlying Quaternary deluvial sediments also often
form an aquifer. It is a combined interstitial-fissure type of aquifer,
mostly with a phreatic surface of ground water, which is confined
only locally, under loess layers. This type of aquifer does not reach
deeper than about 30m under the surface.

At greater depths of the hydrogeological massif, which consists
of the Ordovician and Proterozoic rocks, we can encounter the fis-
sure type of aquifer. The hydraulic conductivity along fissures,
which are predisposed to form paths for water, is higher than that
in the upper sub-surface aquifer.

The third type of aquifer is formed by coarse-grained sands and
locally by gravel in the Pleistocene Vltava River terrace through
which the Komorany-side pre-portal construction trench cuts. It is
an interstitial ground water body with good permeability and
a phreatic surface.

The excavated opening and the excavation face are mostly dry
during excavation. Exceptions were encountered at chainages of
780m and 1060m, where rather major inflows of ground water
appeared, and chainages of 920m and 1190m, where minor inflows
had to be coped with during the excavation of the bottom of the top
heading and the subsequent excavation of the bench and tunnel
invert. The drainage effect of the exploration gallery was obvious
throughout the period of the triple-lane tunnel excavation.

THE DEFINITION OF TENDER CONDITIONS

The development of the tunnel excavation control model (the
method of classification, categorisation, pricing and invoicing)
was influenced by the tender conditions, in the same way as in the
case of the construction lot 514. The tender documents for con-
struction lot 513 of the PCRR were developed following the same
principles as those for construction lot 514. This problem is very
well described in the paper (M. Srb, 1) which was published in
Tunel 2/2008. Therefore, we are not going to describe it repeated-
ly. Instead, we will present only the information which is crucial
for the excavation control model which was developed for lot 513.

Obr. 2 Typickd éelba v priportdlové oblasti dvoupruhového tunelu u Komo-
Fanského portdlu

Fig. 2 Typical excavation face in the portal area of the double-lane tunnel at
the Komorany portal

Obr. 3 Typickd ¢&elba v priportdlové oblasti dvoupruhového tunelu
u Cholupického portdlu
Fig. 3 Typical excavation face in the portal area of the double-lane tunnel at

the Cholupice portal



pii razbé a navrZenych prostiedku zajisténi. Prostfedkem zajisténi se
rozum{ stiikany beton se siti, svorniky (kotvy), prihradové rdmy, jehly
atd.

Délka zdbéru je v kazdé TTV udéna rozsahem OD — DO. Se zménou
délky zdbéru se méni skutecny rozsah provedenych praci i mnoZstvi
zabudovanych prostfedkl zaji§téni vyrubu na bézny metr. Zaddvaci
dokumentace proto stanovuje hodnotu + 20 % jako rozsah intervalu, ve
kterém je umoznéno toto mnozstvi ménit bez vlivu na Gétovanou cenu za
metr razby tunelu.

Obdobny zpusob pouzivd rovnéz u nékterych poloZzek zadéni geotech-
nického monitoringu, napf. pii méfeni deformaci primédrniho osténi
v tunelu jsou agregovédny vSechny polozky do dvou (doddvka a osazeni
méficiho bodu a poctu mérenti). Tato ¢innost je odménovéna pausalne za
Casovou jednotku (napf. mesic) pii definovani celkového poctu méfic-
skych profilt a max. po¢tu méfeni béhem celého provadéni monitoringu.

Toto opatreni zjednoduSuje ocenovani a tihradu praci. Zaroven se zvy-
Suje vyuziti flexibility NRTM v Ceskych podminkéch. To prispivd
k efektivnimu provadéni razi¢skych praci.

NADVYLOMY BEHEM RAZEB

V zaddvaci dokumentaci jsou samoziejmé uvedeny i zdsady pro dhra-
du nadvylomu vzniklych béhem raZeb tuneld. Hranice nezavinéné-
ho (technologického) nadvylomu je urena kfivkou rovnobéZnou
s hranicf teoretického lice vyrubu ve vzdalenosti 250 mm. V dané plose
jsou zahrnuty i radidlni deformace do vyrubu a nutné zvétSeni profilu
z divodu smérového vedeni a omezené presnosti razby. Odvoz rubaniny
a zaplnéni tohoto prostoru SB je hrazeno pausdlné a kompenzuje zhoto-
viteli vykony, které musi v ur¢itm rozsahu provést vidy z tech-
nologickych duvodu.

Sanace nadvylomu mezi 250 mm a 500 mm radidlné nad teoretickym
licem vyrubu (tj. odvoz rubaniny z nadvylomu a zaplnéni nadvylomu
SB) nenf hrazena nikdy.

Geologicky podminény nezavinény nadvylom je objednatelem hrazen
az pri prekroCeni hranice 500 mm, pokud je v kazdém jednotlivém pii-
padé vési nez 1 m.

ZPUSOB RIZENI RAZEB

Zadévaci podminky popsané vySe v kapitole Zpusob zaddni stavby
umoznily soucasné se zahdjenim raZeb zavést denni schuzky raZeb.
Denni schuizka predstavuje pravidelné setkdni odpovédnych zdstupct
zadavatele, zhotovitele a kanceldre geotechnického monitoringu.
Schuzka je svoldna i operativné, na zdkladé zastizenych geotechnickych
podminek a podle potieb stavby. Na strané zadavatele se schuzky dcast-
ni i zastupce odborného konzultanta. Denni schuzky nenahrazuji jednén{
rady monitoringu a technické rady (RAMO). V piipadé tunelt stavby 513
SOKP denni schizky dopliiuji radu monitoringu a rozd€luji tak fidici
strukturu na &ést operativni (provozni) a ¢ést kontrolni a ridici.

Denni schuizky se zabyvaji pouze razbou tunela. Vysledkem jednani
schiizky je rozhodnuti o zatfidéni razby do prislusné technologické tiidy
vyrubu (TTV), rozhodnuti o délce zabéru, mnozstvi vystrojovacich pro-
stiedkt a napiiklad v piipadé€ jehel a svornika i o jejich rozmisténi, délce
apod. Toto rozhodnuti je, na zakladé shody zicastnénych, potvrzeno jako
schéma vystrojeni vyrubu na pristi obdobi. Pokud nedojde ke shodg, je
rozhodnuti o dal§im postupu zavislé na jednéni mimorddné rady monito-
ringu svolané vedoucim kanceldre monitoringu.

RAMO tak vzhledem k razbé tunelu pIni hlavné kontroln{ funkci, pro-
vddénou v pravidelnych intervalech. Rada je sezndmena se zastiZzenymi
geotechnickymi podminkami, vysledky kontrolnich méfeni geotechnic-
kého monitoringu a odpovidajicim zatfidénim razeb do technologickych
tfid vyrubu.

Toto usporadéni radé umoZnuje vénovat vetsi pozornost dal§im pro-
blémim spojenym s vystavbou rozsdhlého podzemniho dila. Jednd se
o kontrolu plnéni pribéznych termini praci, koordinaci praci na reali-
za¢ni dokumentaci stavby, atd.

Pracovni ndpln odborného konzultanta investora, jako zaméstnance
nezdvislé konzultacni firmy pracujici pro investora stavby, se pak oproti
puvodnim predpokladim bliZi vice tloze kompetentniho pracovnika
investora ve funkci stavebniho dozoru ¢i supervize razeb nebo geotech-
nika (tzv. Engineer podle FIDIC) podilejictho se na rozhodnutich
o geotechnickém zatridéni, systému vystrojeni a o zpusobu postupu razby
pfimo na stavbé v souladu s principy observaéni metody. Tento pracov-
nik vykondva i odborny dozor nad provadénym geotechnickym monito-
ringem stavby a podili se na upfestiovani programu jednotlivych mefeni
na pristi obdobt.
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Aggregated items were developed for individual excavation sup-
port classes (ESC) for the purpose of the pricing and payment for
Irunning meter of the tunnel (of course even for the preceding bid-
ding purposes). An aggregated item for Im of the mined tunnel
comprises costs of individual partial items of operations carried
out during the construction and the means designed for the exca-
vation support. The means of the excavation support comprise
shotcrete, steel mesh, rock bolts (anchors), lattice girders, dowels
etc.

The excavation round length is specified for each ESC by
arange FROM — TO. The actual amount of work and of the means
of excavation support to be installed per a running metre of the
tunnel changes with the changing round length. For that reason, the
tender documents stipulate a value of + 20 % to be the range of the
interval within which this amount can vary without an impact on
the invoiced cost per metre of the tunnel excavation.

A similar approach is adopted in the cases of some items of the
specifications for the geotechnical monitoring; for example, all
items of the measurement of deformations of the primary lining in
the tunnel are aggregated into only two items (the supply and
installation of a measurement point and the number of measure-
ments). This activity is paid for by a lump price for a unit of time
(e.g. for a month); the total number of the measurement stations
and maximum number of measurements throughout the monitoring
operation is defined.

This approach simplifies the pricing and payment for the work.
At the same time, the exploitation of the flexibility of the New
Austrian Tunnelling Method in Czech conditions is increased. It
contributes to the effectiveness of the tunnel excavation.

OVERBREAKS DURING THE EXCAVATION

Of course, the tender documents even contain principles dealing
with the payment for the overbreaks which will originate during
the tunnel excavation. The boundary of an unavoidable overbreak
is determined by a curve which is parallel with the theoretical con-
tour of the excavated opening, drawn at a distance of 250mm.
Radial deformations toward the excavation and the enlargement of
the profile which is necessary for the purpose of the directional
guidance and because of the limited accuracy of the excavation are
included in the area determined by this boundary. The removal of
muck and filling of the overbreak with shotcrete is paid for by
a lump sum, which compensates the contractor for the operations
which must be always (to a certain extent) carried out for techni-
cal reasons.

The treatment of an overbreak reaching 250mm to 500mm bey-
ond the theoretical excavation contour (i.e. the removal of muck
attributable to the overbreak and filling of the overbreak with
shotcrete) is never paid for.

A geologically conditioned, unavoidable overbreak is paid for
by the client only when the 500mm boundary is crossed and each
particular overbreak is larger than 1 m?.

EXCAVATION CONTROL SYSTEM

The tender conditions described above in chapter “The definiti-
on of tender conditions” made it possible to establish a system of
“Daily Excavation Meetings”, starting concurrently with the
beginning of the tunnel excavation. The Daily Meeting represents
a regular meeting of responsible representatives of the client, con-
tractor and the geotechnical monitoring office. The meeting is cal-
led even operatively, on the basis of the encountered geotechnical
conditions and if needed by the construction. A representative of
the technical consultant for the client is another member who
attends the meeting. The daily meetings do not substitute the mee-
tings of the “Monitoring Board and Technical Board” (MOBO).
Regarding the tunnels of the construction lot 513 of the Prague
City Ring Road, the daily meetings are a supplement to the
Monitoring Board meetings; thus the management structure is
divided into an operative (operating) part and control and manage-
ment part.

The Daily Meetings deal only with the tunnel excavation. The
meeting result has the form of a decision on the determination of
the relevant excavation support class, decision on the round length,
the amount of the means of support and, in the case of dowels and
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Obr. 4 Formuldi — Schéma vystrojeni a zpusob razby
Fig. 4 Form — Excavation Support Scheme and Excavation Procedure

Technicky dozor investora miZe vénovat vet$i pozornost spravnému
provadeni a kvalit¢ vSech praci.

ZATRIDENI DO TECHNOLOGICKYCH TRID VYRUBU
A SCHEMATA VYSTROJENI

Jak jiz bylo popséno vyse, zatfidén{ razby tunelt do konkrétn{ techno-
logické tridy vyrubu a stanoveni prislusného schématu zajisténi provadi
skupina pracovnika G¢astnicich se dennich schuzek razeb. Rozhodnuti
o0 dalsim postupu (vyhotoveni schématu zajistén) je podloZeno denni pii-
tomnosti jednotlivych pracovniki na &elbdch raZeb obou tuneld
i propojek a vyuzivanim informaci o vysledcich provadénych kontrolnich
méfeni v rdmci monitoringu. Pro raZzbu dvoupruhového tunelu jsou velmi
dulezitym podkladem pro dal§f rozhodnuti dostupnd data z razby pru-
zkumné $toly i zkuSenost s odezvou horninového masivu pfi razbé tif-
pruhového tunelu.

Rozhodovani o vystrojeni a dal§im postupu razby probiha ve dvou kro-
cich. Nejdiive je prijato rozhodnuti o technologické tfidé vyrubu, kde je
zékladnim kritériem prislu$nd mozné délka zdbéru. Druhym krokem je
moZna dprava mnoZzstvi jednotlivych vystrojovacich prvki v dané tech-
nologické tfidé (svorniky, jehlovani, bezpe¢nostni ndstfik Celby a vyrubu,
zajisténi Celby kotvenim atd.) a pripadné i zpusobu pobirani jednotlivych
dil&ich vyruba.

Po ziskdn{ shody je vypInén formuldf Schizka raZeb tunelt SOKP 513
— Schéma vystrojeni a zptisob razby (obr. 4). Uastnici schiizky potvrdi
vyplnény formuldf svymi podpisy. Kazdy z ucastniki obdrzi kopii.
Origindl je uloZen v kanceldri vedouciho monitoringu. Jednotlivd sché-
mata jsou ¢islovdna prabéZné pro kazdy tunel. Jednotlivé razby jsou pro
vetsi prehlednost odliseny barevné. Na schématu zajisténi je vyznaceno
od kdy (tj. od kterého zdbéru) schéma plati. Schéma zlstdva v platnosti
do vyvoléni dalsi zmény.

Na kone¢nou podobu vystrojeni vyrubu mohou mit vyrazny vliv i jiné
nez geotechnické podminky. Jako priklad uvadime cca 150 m dlouhy pii-
portdlovy tsek dvoupruhového tunelu na komoranské strané. V této
oblasti odpovidala kvalita zastiZeného horninového masivu technologic-
ké tiide€ vyrubu 3. Zhotovitel v§ak nebyl schopen oteviit vyrub na poZa-
dovanou délku vzhledem k urceni maximdlni mezni ndloZe na Casovy
stupen ani v délce minimélniho zdbéru v této tfidé. Razba zde proto pro-
bihala v TTV 4 s vyraznym sniZenim mnozstvi pouZitych vystrojovacich
prostredka.

Dulezitou roli pfi rozhodovéni o jednotlivych schématech zajisténi
hraje i spolupréice se zpracovatelem realizacni dokumentace stavby.

GEOTECHNICKY MONITORING RAZBY TUNELU

Razba tunelt je provddéna jako konvencni, cyklickd, podle zdsad
NRTM. Nedilnou souddsti takto provddénych razeb je vzdy
i geotechnicky monitoring jako soubor pozorovéni a méreni hornino-
vého prostiedi a jeho odezvy na razbu podzemniho dila. Samoziejme Ze
podle podobnych principi je navrZen i monitoring stavebnich jam
hloubenych &ésti tunelu. V nasem ¢ldnku se blize zminime o méfenich
provddénych v rdmci razeb, kterd jsou duleZitd pro rozhodovani
o zatfidéni.

rock bolts, on the installation pattern, their lengths etc. This deci-
sion is confirmed on the basis of mutual agreement of the partici-
pants to be the specification of the excavation support system to be
used in the subsequent period. If the agreement is not achieved, the
decision on the procedure to be further used depends on an extra-
ordinary meeting of the Monitoring Board, which is called by the
head of the monitoring office.

Thus the MOBO mainly fulfils the checking function in relation
to the tunnel excavation, which is exercised at regular intervals.
The board is acquainted with the encountered geotechnical condi-
tions, results of the checking measurements performed by the geo-
technical monitoring and the respective excavation support classi-
fication.

This system allows the Board to pay higher attention to other
problems associated with the implementation of the extensive
underground construction, namely the checking whether running
deadlines are met, the coordination of the work on the detailed
design etc.

The work load on the technical consultant for the client, who is
an employee of an independent consultancy firm employed by the
client, is then, in contrast with the original assumptions, closer to
the role of a competent employee of the client in the function of
client's supervision engineer or an excavation supervisor (the
Enginner according to the FIDIC), who participates in the making
of decisions on the geotechnical classification, the excavation sup-
port system and the excavation procedure directly in situ, in com-
pliance with the observational method principles. This person car-
ries out even the professional supervision over the performance of
the geotechnical monitoring and participates in the adjustment of
the programme of individual measurements for the subsequent
period.

Client's supervision engineer can pay more attention to the pro-
per execution and quality of all operations.

DETERMINATION OF EXCAVATION SUPPORT CLASSES
AND SUPPORT SCHEMES

As described above, the determination of particular excavation
support classes and respective support schemes is carried out by
a group of workers who attend “Daily Excavation Meetings”. The
decision on the further procedure (the preparation of the support
scheme) is based on the daily presence of individual workers at the
excavation faces of the two tunnels and cross passages and the
exploitation of the information about the results of the checking
measurements which are carried out within the framework of the
monitoring. A source of information which is very important for
the excavation of the double-lane tunnel is the available data which
was obtained during the excavation of the exploratory gallery and
the experience of the rock mass response obtained during the exca-
vation of the triple-lane tunnel.

The process of deciding on the support and subsequent procedu-
re is divided into two steps. First, the decision on the excavation
support class is adopted; the basic criterion is the respective pos-
sible round length. The second step is the possible modification of
the amount of individual support elements required for the parti-
cular excavation support class (rock bolts, dowels, shotcrete to the
excavation face and walls, support of the face by anchors etc.) and,
if necessary, a change in the excavation sequence.

When the mutual agreement is achieved, the format “PCRR
513 Tunnel Excavation Meeting — Excavation Support Scheme
and Excavation Procedure” (Fig. 4) is filled. The participants in
the meeting confirm the filled format by their signatures. Each of
the participants receives a copy. The original copy is deposited in
the office of the head of the monitoring. Individual schemes are
numbered consecutively for each of the tunnels. Individual hea-
dings are distinguished in colours for better lucidity. The excava-
tion round from which the support scheme is applicable is mar-
ked in the drawing. The scheme remains valid until a change is
necessary.

The final solution to the excavation support can even be signifi-
cantly affected by other than geotechnical conditions. As an exam-
ple, we present the about 150m long portal section on the
Komorany side of the double-lane tunnel. In this area, the encoun-
tered quality of the rock mass corresponded to excavation support
class 3. Nevertheless, the contractor was not able to maintain the




Obr. 5 Vstupni dialog systému Cubula
Fig. 5 Entering dialogue of the CUBULA system

Cilem provadéného monitoringu je:

o ziskani informaci o deforma¢nim a stabilitnim chovdnim masivu pro

zajisténi bezpecnosti prace;

o ziskéni podkladu pro klasifikaci masivu a optimalizaci navrzeného

zajisténi vyrubu (primarniho osténi);

o ziskdn{ podkladd pro ndvrh sekunddrniho osténi;

o plnéni poZadavku pro zajisténi bezpecnosti préce;

o ziskdni dostate¢nych informaci pro fizeni geotechnickych rizik vzni-

kajicich béhem provadéni razeb.

Provddény monitoring se sklada z téchto kontrolni méfeni a po-
zorovdni:

Geotechnické sledovani raZeb: Dokumentaci eleb provadi odborny
geolog pro kazdy zdbér do specidlniho formuldfe. Ve skalnich
a poloskalnich hornindch ordoviku a proterotoika geolog predné sleduje
a vyhodnocuje tektonickou situaci lice vyrubu ve vztahu k moznym pro-
jevam strukturni nestability vyrubu. Na zdkladé tohoto pozorovani
a dokumentace se geologickd sluzba podili na vypracovani prognéz geo-
logickych podminek pro dalsi razbu. K tomu vyuziva i informaci ziska-
nych z predchozich razeb (prazkumnd §tola, tiipruhovy tunel).

Konvergen¢ni mérfeni priméarniho osténi: Jedna se geodetické, tri-
gonometrické méfeni lice primarniho osténi v jednotlivych profilech.
Razba tuneld je provddéna s horizontdlnim ¢lenénim elby. Vyrub tune-
lu je rozdélen na kalotu a lavici, resp. kalotu, lavici a dno. Kazdy profil
se sklddd z péti bodu, tri v kaloté a dvou v lavici. V pifpadé nutnosti je
osazen mimorddny méri¢sky profil.

Pfi geodetickych méfenich deformaci primérniho osténi jsou v nasem
piipadé méfeny velmi malé deformace primérniho osténi. Hodnoty svis-
lych i vodorovnych deformaci jsou neobvykle malé. Po pruchodu kaloty
obvykle dosahuji hodnot do 5 mm. Svislé deformace po pruchodu lavice
nepresahuji 20 mm.

Extenzometrické méreni (hloubkovd nivelace): Jedni se o méfeni
vertikdlnich posunu v libovolnych hloubkovych tirovnich pod povrchem
terénu. Cilem extenzometrického mefeni z povrchu terénu je objektivné
stanovit v predstihu pred razbou deformace horninového masivu
v riznych hloubkovych trovnich pod terénem. A nasledné stanovit hra-
nici ovlivnéni horninového masivu vzhledem k vyrubu. Casové rezerva
umoznuje zhotoviteli v€as reagovat na pripadné anomadlie deformacniho
procesu v prabéhu razby.

Na povrchu terénu jsme nad obéma tunelovymi tubusy osadili exten-
zometricky profil, v misté nad druhym odstavnym zdlivem ve dvoupru-
hovém tunelu. Intenzivni sledovani profilu v dobé prochézeni jednotli-
vych razeb potvrdilo velmi malou odezvu horninového masivu na probi-
hajici razby.

Geodetické sledovani povrchu terénu (nivelace): Slouzi ke zjistén{
odezvy razby tunelt na povrch terénu nad tunelem a k ovéfen{ exkluziv-
ni zény (projektem stanovené tzemi dotéené razicimi pracemi).
Vysledky méreni jsou interpretovany jako grafy ¢asového vyvoje poklesu
povrchu a jako pri¢né profily poklesové kotliny. Celkem je osazeno
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required round length with respect to the prescribed maximum
charge weight per delay limit; even the minimum round length spe-
cified for this class could not be achieved. For that reason, the
excavation was carried out as if the excavation support class 4 had
been determined, whereas the amount of the means of support was
significantly reduced.

The collaboration with the author of the detailed design plays
also an important role in the process of the deciding on individual
support schemes.

GEOTECHNICAL MONITORING OF THE TUNNEL
EXCAVATION

The tunnels are excavated conventionally, in excavation cycles,
following the NATM principles. Inseparable part of the excavation
is always geotechnical monitoring as a set of observations and
measurements of the rock environment and its response to the
underground excavation. Of course, the monitoring over the con-
struction trenches in the cut and cover sections of the tunnel was
designed according to similar principles. In our paper, we mention
in more detail the measurements which are conducted within the
framework of the tunnel excavation and which are important in
terms of the determination of the excavation support classes.

The objective of the monitoring is as follows:

e to obtain information about the deformational and stability-
related behaviour of the rock mass which are significant for the
assurance of safety at work

e to obtain basic data for the rock mass classification and opti-
misation of the excavation support design (the primary lining)

e to obtain basic data for the secondary lining design

e to meet requirements for the assurance of safety at work

e to obtain sufficient information for the control of the risks
which originate during the tunnel excavation

The monitoring which is being carried out consists of the follo-
wing checking measurements and observations:

Geotechnical monitoring of the tunnel excavation: The docu-
mentation of the headings is maintained by a professional geolo-
gist, who fills special formats for each excavation round.
Regarding the Ordovician and Proterozoic rock and semi-rock, the
geologist follows and assesses the tectonic condition of the exca-
vation face in relation to potential manifestations of structural
instability of the excavated opening. On the basis of this observa-
tion and documentation, the geological service participates on the
development of prognoses for the subsequent excavation. In doing
s0, it uses the information obtained during the previous excavation
(the exploration gallery, the triple-lane tunnel).

Primary lining convergence measurements: They comprise
the geodetic survey, trigonometric survey of the primary lining in
individual measurement stations. The tunnel excavation sequence
consists of a top heading and bench or a top heading, bench and
bottom. There are five points in each measurement station: three in
the top heading and two in the bench. An extraordinary measure-
ment station is installed if necessary.

In our case, very small deformations of the primary lining are
found by the geodetic survey. The values of vertical and horizon-
tal deformations are unusually small. They usually reach the valu-
es smaller than Smm after the passage of the top heading. After the
passage of the bench excavation face, vertical deformations do not
exceed 20mm.

Extensometer measurements (the deep levelling): This is the
measurement of vertical displacements at arbitrary depths under
the ground surface. The objective of extensometer measurements
is to objectively determine deformations of the rock mass ahead of
the excavation, at various depth levels under the terrain; subsequ-
ently, to determine the limit of the effect on the rock mass relative
to the excavated opening. The time reserve allows the contractor to
timely respond to contingent the anomalies in the deformation pro-
cess which occur during the course of the excavation.

We established an extensometer measurement station above both
tunnel tubes, at the location of the second lay-by in the double-lane
tunnel. The intense observation of the measurement station during
the passage of individual excavation faces confirmed that the res-
ponse of the rock mass to the progressing excavation was very
small.
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Obr. 6 RaZba tunelu z vyhybny pruzkumné stoly
Fig. 6 Tunnel excavation from the passing bay in the exploration gallery

a méfeno osm profild. Profily u komoranského portdlu dosahuji maxi-
médlnich poklesi do 20 mm. Profily u cholupického portdlu dosahuji
poklest do 10 mm. U ostatnich, mezilehlych profilt je naméfeno sedéni
povrchu do 3 mm.

Dalsi provadéna méfeni slouzi v§em Gcastnikam vystavby jednak pro
vlastn{ kontrolu zatiZen{ okolf stavbou, ale také jako podklad pro pfipad-
né pravni jedndn{ se tfetimi fyzickymi nebo pravnickymi osobami dotée-
nymi stavbou tunelu. V nasem pripade se jednd o:

e méreni nivelace na objektech SO 609-Nouzov;

o dynamickd a akustickd méfeni v objektech;

e hydrogeologicky monitoring;

o geoelektrickd korozni méfent;

o kontrolni rozbory dulnich vod a méfeni mnoZstvi ¢erpanych dilnich

vod.

SYSTEM CUBULA

K dobré informovanosti viech Gcastnika vystavby a efektivnimu vyu-
Zivani namérenych hodnot a ostatnich dat ziskanych provddénim geo-
technického monitoringu slouZi interaktivni databazovy systém CUBU-
LA provozovany SdruZenim Mott-geodet. Tento systém slouZzi pro ukla-
ddni, vyhodnocovani méreni a dokumentaci jednotlivych Celeb, stejné tak
sdileni datovych soubora.

V3echny informace jsou tak dostupné kompetentnim pracovnikiim ,,on
line*. Systém pro svoji praci vyuzivd webové rozhrani, dostupné pro-
stiednictvim béznych webovych prohlizeta (obr. 5). Na stran€ uZivatele
tak neni potieba provadeét dalsi instalace.

Vnitini struktura systému je feSena pomoci jednotlivych databdzi (tj.
schranek rozdélenych podle prislusnych témat), ve kterych jsou uloZzeny
jednotlivé dokumenty a graficka data.

Dostupné soubory jsou dvojtho druhu. Pevné soubory (situace, polo-
hopis, projekt, letecké snimky atd.) jsou ¢lenény do jednotlivych vrstev.
Jejich zobrazeni ovlada kazdy uZivatel vybérem v prislusné zaloZce podle
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Chart 1 Excavation sequence at the top heading of the triple-lane tunnel

Tuel

Geodetic monitoring of the ground surface (levelling): It is
used for the determination of the response of the terrain surface
above the tunnel to the excavation and for the verification of the
exclusive zone (the zone affected by the excavation operations
which is determined by the design). The results of the measure-
ments are interpreted in the form of time-settlement curves and
cross sections of the settlement trough. There are eight measure-
ment profiles installed and measured in total. The maximum sett-
lement values measured at the stations at the Komorany portal do
not exceed 20mm. The settlement values at the Cholupice portal
are less than 10mm. At the other stations, the measured surface
settlement is up to 3mm.

The results of the other measurements which are conducted are
used by all participants in the construction both for the checking of
the construction induced loads acting on the surroundings and
provide a base for contingent legal negotiations with third parties
— physical persons or corporations — affected by the tunnel con-
struction. In our case, the following measurements are conducted:

e levelling on the SO 609 Nouzov structures

e dynamic and acoustic measurements in buildings

e hydrogeological monitoring

e geoelectric corrosion measurements

e check analyses of mine water and measurement of the amount

of mine water being pumped

CUBULA SYSTEM

CUBULA, an interactive database system which is operated by
the SdruZeni Mott-Geodet consortium, serves as a source of infor-
mation for all participants in the construction and as a tool allo-
wing the effective use of the measured quantities and other data
obtained during the geotechnical monitoring. This system is used
for the storage and assessment of the measurements and documen-
tation of individual headings, and allows the sharing of data files.

All information is thus available on line to all competent per-
sons. The system uses a web interface for its work which is acces-
sible by means of common web explorers (Fig. 5). Thus there is no
need for the user to carry out other installations.

The internal structure of the system is solved by means of indi-
vidual databases (i.e. boxes divided according to respective the-
mes) which contain individual documents and graphical data.

There are two types of the accessible files. The permanent files
(the layout, topographical plan, design, aerial photos etc.) are divi-
ded into individual storeys. Each user controls the imaging of the
files by selecting in the particular book-mark according to his/her
needs and requirements. These files are used as preliminary infor-
mation source. They are prepared at the beginning of the construc-
tion (when the design is being carried out). Inserted files fulfil
their information role. They contain concrete information on the
measured values of various monitored quantities, documentation
of individual headings etc.

The scope of the data to be displayed is defined within the fra-
mework of each project, according to client requirements (in this
particular case the client/owner is the Directorate of Roads and
Motorways of the Czech Republic). Owing to the system, the aut-
horised user has always access to all available data on the particu-
lar project, throughout the whole scope of time. Thus there is no
need for the user to distribute the data and ensure the complicated
archiving of the data. The system stores the information about the
person who inserted a particular document or updated it and
records the time of the operation. The system is continually upgra-
ded on the basis of the experience of its use, with the aim of achi-
eving as good end-use properties as possible.

WORKS PROGRESS

The commencement and initial speed of the construction was
significantly affected by various external circumstances (the com-
plementary exploration which was underway etc.). A long delay
developed, most of all at the Komorany portal. In the effort to pre-
vent a more serious delay, based on a joint proposal of the con-
tractor and author of the detailed design, the uphill excavation star-
ted from a point of attack at chainage 238.1m, i.e. the location of
the first completed passing bay in the exploration gallery (Fig. 6).
The uphill excavation of the triple-lane tunnel from the Komorany
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Chart 2 Distribution of individual excavation support classes — assumptions
and reality

svych potieb a pozadavki. Tyto soubory slouZi jako orientadni podklad.
Jsou zpracovdny pri zahdjeni stavby (tvorbé projektu). Vklddané soubo-
ry plni svoji informacni tlohu. Jsou v nich uloZeny konkrétni informace
o naméfenych hodnotdch riznych monitorovanych veli¢in, dokumentace
Celeb jednotlivych razeb atd.

Rozsah zobrazovanych dat je definovdn v rdmci kazdého projektu
podle pozadavku zadavatele (v tomto piipadé Reditelstvi silnic a dalnic
Ceské republiky). VyuZitim systému jsou pro oprdvnéného uZivatele
vzdy pristupnd veskerd dostupnd data daného projektu v celém ¢asovém
rozsahu. Odpadd tak potreba distribuce dat a jejich sloZitd archivace na
stran¢ uZivatele. V systému jsou uloZeny i informace o pracovnikovi,
ktery prislusny dokument vloZil nebo provedl jeho aktualizaci a o Case
provedené operace. Na zdkladé zkuSenosti s dennim pouzivdnim je
systém stdle vylepsovéan tak, aby bylo dosaZeno co moznd nejlepsich
uzitnych vlastnosti.

POSTUP PRACI

Na zahdjeni a pocate¢ni rychlost vystavby mély velky vliv razné vnéj-
§1 okolnosti (probihajici dopruzkum atd.). Velké zdrZeni vzniklo zejména
na komoranském portéle tunelu.

Ve snaze zabranit vét$simu zdrZeni byla 2. 4. 2007 na spole¢ny ndvrh
zhotovitele a zpracovatele realizani dokumentace zahdjena dovrchni
razba rozrazkou z prvni realizované vyhybny prazkumné Stoly
v tunelmetru TM 238,1 (obr. 6). Dovrchni razba tfipruhového tunelu od
komoranského portdlu tak pokradovala az do 12. 1. 2008. OdtéZzovéni
rubaniny a doprava materidlu probihaly pristupovou Stolou délky
cca 250 m. Navzdory tomuto vyznamnému omezeni bylo dosahovano
trvale dobrych vykonu. K akceleraci rychlosti razby jizniho tunelu doslo
19.9.2007 zahdjenim dpadni razby z cholupického portdlu.

Zatimco stavebni jdma hloubenych tuneld u Cholupic byla témér
dokoncena pred zahdjenim razeb, komoransky portdl byl hlouben béhem
jiz probihajici razby. Béhem hloubeni byla postupné odhalovana kon-
strukce pristupové Stoly (obr. 7 a 8). Razba tfipruhového tunelu piimo od
komoranského portdlu byla zahdjena po dokonceni mikropilotového
destniku (obr. 9) 16. 1. 2008. Prordzka tunelu probéhla 18. 3. 2008. Po
prorazce tunelu byla plnym profilem dobirdna lavice tunelu. Prordzka
pIného profilu probéhla 14. 5. 2008 (graf 1).

Dvoupruhovy, severni tunel za¢al zhotovitel razit dpadné 23. 11.2008.
Dovrchni razba byla zahdjena 30. 11. 2008. Od zahdjeni razby severniho
tunelu jsou ve velké mife vyuZivany informace o chovéani horninového
masivu ziskané béhem razeb tiipruhového tunelu, i kdyZ pritomnost jiz
vyraZené prazkumné Stoly mé velky dopad na chovéni otevieného vyru-
bu a stejné tak na rozpojitelnost masivu. K 30. 5. 2008 je v kaloté vyra-
7eno 635 m od komoranského portdlu a 675 m od portélu cholupického
v&etné obou odstavnych zélivi. Dorazit zbyva 366 m. V dobé uverejné-
ni ¢lanku bude jiz kalota tunelu s velkou pravdépodobnosti proraZena.

VYSLEDKY ZATRIDENI VYRUBU A MONITORINGU

Razba tunelt probihd od po&atku ve skalnich hornindch ordoviku, resp.
proterozoika. Masiv je tektonicky porusen, jednotlivé fragmenty horniny
jsou vSak pevné, pevnosti odpovidaji tfiddm R2 a R3. Diskontinuity jsou

Skutecnost
Reality '
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Obr. 7 Odhalend pristupovd $tola v ose tripruhového tunelu
Fig. 7 The exposed access adit on the axis of the triple-lane tunnel

portal continued till 12.1.2008. The muck was removed and mate-
rials were transported through an about 250m long access adit.
Permanently good outputs were achieved despite this significant
restriction. The advance of the excavation of the southern tunnel
was accelerated on 19.9.2007, when the downhill excavation from
the Cholupice portal started.

Whereas the construction trench for the cut and cover tunnels on
the Cholupice side had been nearly completed before the commen-
cement of the tunnel excavation, the trench at the Komorany por-
tal was dug later, during the course of the tunnel excavation. The
access adit lining structure was gradually exposed during the dig-
ging (Figures 7 and 8). The excavation of the triple-lane tunnel
directly from the Komorany portal started on 16.1.2008, after the
completion of the canopy tube pre-support (Fig. 9). The tunnel bre-
akthrough took place on 18.3.2008. After the breakthrough, the
full-face excavation of the bench was carried out. The full-profile
breakthrough took place on 14.5.2008 (Chart 1).

The contractor started to drive the double-lane northern tunnel
on a down gradient on 23.11.2008. The uphill excavation started
on 30.11.2008. Since the commencement of the excavation of
the northern tunnel, the information about the rock mass behavi-
our which had been obtained during the excavation of the triple-
lane tunnel has been exploited to a large extent despite the fact
that the presence of the previously excavated exploration gallery
significantly affects the behaviour of the opened excavation and
the breaking characteristic of the rock mass. As of 30.5.2005,
635m of the top heading excavation from the Komorany portal
and 675m from the Cholupice portal were finished, including
both lay-bys. A length of 366m of the excavation remains to be
completed. At the time of the publication of this paper, the tunnel
top heading breakthrough is highly likely to have been comple-
ted.

RESULTS OF THE EXCAVATION SUPPORT
CLASSIFICATION AND MONITORING

The excavation of the tunnels has been passing through
Ordovician or Proterozoic rocks since the beginning. The massif is
faulted but individual fragments of the rock mass are sound, with
the strengths corresponding to classes R2 and R3. Discontinuities
are mostly closed, without any clayey fill. The shear strength is
reduced at the discontinuities only exceptionally. The encountered
rock mass behaves as a brittle material. The rock mass deforms
only to a minimum extent. Excavation stability problems are limi-
ted to local structural manifestations of instability, mostly up to
Im3. The consistent use of the information provided by the geo-
technical monitoring and daily observation of individual headings
and the use of the information obtained during the previous
excavation renders a sensitive response to the encountered
geotechnical conditions possible. We present a comparison of the
anticipated classification specified in the tender documents and the
detailed design with reality in Chart 2.
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Obr. 8 Postupné bourdni osteni pristupové $toly
Fig. 8 Gradual demolition of the lining of the access adit

prevazné seviené, bez jilovité vyplné. K poklesu smykové pevnosti na
diskontinuitdch dochdzi pouze vyjime¢né. Zastizena hornina se chovd
jako krehky materidl. Horninovy masiv se minimdln¢ deformuje.
Problémy se stabilitou vyrubu se omezuji na lokdln{ strukturni projevy
nestability, prevaZzné do 1 m*. Dusledné vyuZivani informaci geotechnic-
kého monitoringu a denntho pozorovani jednotlivych celeb tunelu
a vyuzivani informaci z predchozich razeb umoznuje citlivé reagovat na
zastizené geotechnické podminky. Porovnéni predpoklddaného zatridéni
vyrubu tunelu v zaddvaci dokumentaci, dokumentaci realizacni se sku-
te¢nosti uvadime v grafu 2.

Béhem vlastni razby prakticky nedochazi zavinénym nadvylomum.
Piiznivy dopad na uplatiiovdni ndrokd ma presné definovéni hranic pro
jednotlivé typy nadvylomu a jejich snadné odméfeni a posouzeni. Pro
uplatnéni ndroku je vyZadovdno zdokumentovdni geologem stavby
a odsouhlaseni namérfenych kubatur technickym dozorem investora.

Na zdkladé doporuceni denni schiizky raZeb nebyl dodavatelem pre-
strojovan pokusny vyrub kaloty realizovany v prazkumné Stole.
ZAVER

Pouzivany systém fizeni raZeb tuneld predpoklddd a umoziiuje efek-
tivni spoluprdci odpovédnych a odborné kompetentnich pracovniku
zadavatele a zhotovitele v tésné spolupraci s dusledné provadénym geo-
monitoringem. V konkrétnich podminkdch razby tuneli stavby 513
SOKP se systém osvédCuje.

Diisledné zatfidovéni vyrubu do technologickych tf{d vyrubu je opti-
malizovano mnoZstvi zabudovdvanych vystrojnych prostredku. Systém
usnadiiuje aplikaci mimorddnych ¢i doplnkovych opatreni. Jako priklad
muZe slouzit systémové zvySeni potu svorniku v oblastech tunelovych
propojek.

Pracovnici obou firem podilejicich se na razbach tuneli (Skanska BS,
Subterra) prijali béhem kritké doby denni schuzky raZeb jako nedilnou
a pozitivn{ souddst rozhodovacich procesa o dalsim postupu.

Na viech Celbach je dosahovéno velmi dobrych vykont i kvalita pro-
vadénych praci je dobra.

VyraZena prazkumna §tola zlepsila stabilitu Celby i vyrubu tfipruhové-
ho tunelu a zajistila prubézné vétrani jizni tunelové roury.
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Obr. 9 Vrtdni a osazovdni mikropilotového destniku na komoranském portd-
lu tripruhového tunelu

Fig. 9 Drilling and installation of the canopy tube pre-support at the
Komorany portal of the triple-lane tunnel

Avoidable overbreaks virtually have not occurred during the
excavation itself. The accurate definition of the limits for indivi-
dual types of overbreaks and the easy method for their measure-
ment and assessment have an favourable impact on the calculation
and submission of claims. The documentation of the overbreak by
a site geologist and confirmation of the measured volumes by cli-
ent's supervision engineer is a condition for the submission of
a claim.

On the basis of a recommendation of the Daily Excavation
Meeting, the contractor did not replace the support of the trial top
heading excavation which had been carried out in the exploration
gallery.

CONCLUSION

The tunnel excavation control system which is being used assu-
mes and enables effective collaboration among responsible and
professionally competent employees of the client and contractor, in
close cooperation with the consistently performed geomonitoring.
In the particular conditions of the excavation of tunnels of the
PCRR construction lot 513, the system has acquitted itself.

Owing to the consistent determination of the excavation support
classes, the amount of support elements which are installed is
duly optimised. The system facilitates the application of extra-
ordinary or supplementary measures. The systematic increase in
the number of rock bolts in the areas of cross passages can be used
as an example.

Employees of the companies participating in the construction of
the tunnels (Skanska BS, Subterra) accepted the Daily Excavation
Meetings as an inseparable and positive part of the decision-
making processes dealing with the further procedure.

Very good outputs are achieved at all headings and even the qua-
lity of the works is good. The completed exploration gallery
improved the stability of the excavation face and the excavated
opening of the triple-lane tunnel and allowed the continuous ven-
tilation of the southern tunnel tube.
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