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RAZENE TUNELY JAKO SOUCAST TUNELOVEHO KOMPLEXU BLANKA
MINED TUNNELS ON THE BLANKA COMPLEX OF TUNNELS

JAN KVAS, MILOSLAV ZELENKA, MILOSLAV SALAC

TUNEL KRALOVSKA OBORA
Uvod

Razené tunely useku Kralovska obora jako soucdsti dopravni stavby
tunelového komplexu Blanka na méstském okruhu v Praze propojuji-
cf ¢ast mezi razenym portdlem na Letné a v Troji patii svou délkou
pres 2,2 km mezi nejdel§i razené dopravni stavby v Ceské republice.
Prochédzeji pod tzemim s mestskou zdstavbou na Letné, parkem
Stromovka, plavebnim kandlem, Cisafskym ostrovem a pod fe¢istém
Vltavy. Soucdsti dseku je i raZeny podzemni komplex vzduchotech-
nickych a technologickych objektl pod zdstavbou na Letné se Sachta-
mi vydstujicimi v oblasti nad Kralovskou oborou.

Zakiadni informace o tunelech

Razeny tunel Kréalovskd obora je tvoren dvéma tunelovymi trouba-
mi: severni tunelovou troubou (STT) délky 2231 m a jizni tunelovou
troubou (JTT) délky 2224 m. Kazdd z téchto trub md dva zékladn{ pro-
fily — dvoupruhovy a tfipruhovy. Délka dvoupruhu v STT je 1662,5 m,
v JTT 1791 m, délka tifpruhu v STT je 568.5 m, v JTT 433 m. Tyto
zdkladni typy tunelovych trub jsou doplnény dal$imi, pro provoz tune-
Iu nezbytnymi profily — nouzové zdlivy ve dvoupruhovych ¢astech
velikosti cca tfipruhového tunelu, VZT kanély pro pozarni vzducho-
techniku, navySené ¢asti v tiipruhovych tunelech pro tcely provozni
vzduchotechniky, SOS vyklenky atd. Obé tunelové trouby jsou propo-
jeny 8 tunelovymi propojkami urenymi pro bezpecnost a provoz
tunelu a jednou technologickou propojkou pro tcely vystavby.
Soucdsti celého tseku raZzeného tunelu Kralovskd obora jsou i razené
vzduchotechnické objekty s kavernou strojovny s nejveét§im razenym
profilem 286 m? a déle s komplikovanym propojenim vzduchotech-
nického kandlu s tffpruhovymi tunely.

Geologické a hydrogeologické poméry

Tunel Kralovska obora je razen v ordovickych souvrstvich klasic-
kého geologického ttvaru — Barrandienu. Tyto ordovické horniny jsou
tvofené pisCitymi a jilovitymi bridlicemi, ddle pak jemnozrnnymi kie-
menci a kfemennymi piskovci. Béhem razeb, tak jak bylo predpokla-
déno, bylo zastizeno nejprve souvrstvi dobrotivské, ndsledné liberiské
a letenské. Dobrotivské souvrstvi bylo reprezentovano nejprve piscity-
mi bfidlicemi s ojedinélymi lavicemi jemnozrnnych kiemencua
a kfemennych piskovel (v dseku od trojského portdlu aZ cca po trat’
CD Praha—Kralupy ve Stromovce), déle jilovitymi aZ prachovitojilovi-
tymi bridlicemi. Toto celé souvrstvi bylo dominantni pri razbé
z trojského portdlu jednak pod VItavou a plavebnim kandlem a déle

Obr. 1 Bednéni sekunddrniho osténi zdlivu
Fig. 1 Formwork for secondary lining of the emergency parking bay

KRALOVSKA OBORA TUNNEL

Introduction

The Krdlovskd Obora mined twin-tube tunnel, forming a part of the
Blanka complex of tunnels, a transport-related project between the Letnd
portal and the portal in Troja on the City Circle Road in Prague, ranks
through its length of over 2.2km among the longest mined transport tunnels
in the Czech Republic. It passes under a developed urban area in Letnd, the
Stromovka Park, a shipping canal, Cisarsky Island and the Vltava River bed.
A complex of mined ventilation structures and service spaces under existing
buildings in Letnd with shafts ending in the area above Krdlovskd Obora
park is also part of this tunnel section.

Basic information on the tunnel

The Kralovska Obora mined tunnel consists of two tunnel tubes, i.e. the
2231m long northern tunnel tube (NTT) and 2224m long southern tunnel
tube (STT). Each of the two tubes has two basic profiles — double-lane and
triple-lane ones. The double-lane sections of the NTT and STT are 1662.5m
and 1791m long respectively, whereas the respective lengths of the triple-
lane parts of the NTT and STT are 568.5 and 433m. These basic types of
tunnel tubes are supplemented with other profiles necessary for the tunnel
operation, i.e. emergency parking bays in the double-lane parts with the
cross section size roughly of the three-lane tunnel, ventilation tunnels for
fire ventilation purposes, sections of triple-lane tunnels with enlarged
height for operating ventilation purposes, SOS niches etc. The two tunnel
tubes are interconnected by 8 cross passages for the tunnel safety and ope-
rating purposes and one technological cross passage for the tunnel con-
struction purposes. In addition, part of the entire Krdlovskd Obora tunnel
complex are mined ventilation structures comprising a ventilation plant
cavern with the excavated cross-sectional area of 286m? and a complicated
system connecting the ventilation tunnel to the triple-lane tunnels.

Geological and hydrogeological conditions

The Krilovskd Obora tunnel has been driven through the Ordovician lay-
ers of the Barrandian formation. These Ordovician rocks comprise sandy
and clayey shales, fine-grained quartzite and quartzose sandstone. As antici-
pated, the Dobrotiv Member was encountered during the course of the exca-
vation, followed by the Liben and Letnd Members. The Dobrotiv Member
was represented by sandy shales with beds of fine-grained quartzite and
quartzose sandstone (within the section from the Troja portal up to, appro-
ximately, the Prague-Kralupy Czech Railways’ track in the Stromovka
Park), followed by clayey to silty-clayey shales and Skalec quartzite. This
formation dominated during the excavation from the Troja portal, passing
under the Vltava River, the shipping canal and the Stromovka Park, up to the
Slechta’s Restaurant. The tunnels were driven through 10 — 15m thick, hard
to weakly weathered rock layers (for example under the Vltava riverbed),
but also through tectonically strained (locally significantly broken) layers,
with the minimum rock cover height ranging from several metres to the
extreme of 1.5m (in the Stromovka Park). This rock formation was frequ-
ently tectonically affected, with fault zones containing tectonically affected
layers which often critically worsened quality of the rock environment. The
Dobrotiv formation is found on the tunnel route passing under the Vltava
River bed and under a Vltava River terrace with beds of gravel deposits,
which is supplied with water from the Vltava River. Water percolating along
fissures significantly affected the behaviour of the rock environment. This
effect manifested itself first of all in layers with a shallower rock cover, tec-
tonically faulted layers, but also in a significant way in Revnice quartzites,
where the fissure system allowed ground water to flow to a great extent to
the excavated opening. The total inflows of water from both tunnel tubes
passing through the Dobrotiv beds (from the Troja portal approx. up to the
Slechta’s Restaurant) reached up to 120 litre per second in this relatively
long tunnel section. Despite the fact that an exploratory gallery, generally
diagnosing the rock environment, had been driven in advance throughout
the length of the STT and partly also the NTT tunnel sections formed by the
Dobrotiv formation, it could not, because of the size of its cross-section,



19. rocnik - €. 2/2010

Obr. 2 Priprava k odstrelu
Fig. 2 Preparation for blasting

pak pod Stromovkou aZ pred Slechtovu restauraci. Razba probihala ve
zdravych a7 navétralych polohdch s mocnosti 10~15 m (napiiklad pod
Vltavou), ale také ve vrstvdch tektonicky namoZenych (misty vyrazné
podrcenych) s minimdlnim skalnim nadloZim od nékolika metra po
extrém cca 1,5 m (ve Stromovce). Toto souvrstvi bylo ¢asto postiZzeno
zlomovou tektonikou, kterd se projevovala poruchovymi pdsmy
s tektonicky postizenymi polohami a kterd mnohdy zdsadnim zpuso-
bem zhorSovala kvalitu horninového prostedi. Dobrotivské souvrstvi
se v trase tunelu nachdzi pod vodote¢i Vltavy a pod tdolni vitavskou
terasou, jejiz Stérky jsou vyrazné dotovany vodou z Vltavy. Podzemn{
voda, kterd prosakovala ze zvodnélé terasy do puklinového systému
skalntho podloZi vyraznym zpusobem ovliviiovala chovani horninové-
ho prostfedi pfi razbé. Projevovalo se to predev§im v polohach
s niz§m skalnim nadlozim, ddle v polohéch intenzivniho tektonického
poruseni horninového masivu, ale i velmi vyznamnym zpUsobem
v fevnickych kfemencich, kde puklinovy systém umoznoval vyraznéj-
§i proudeéni podzemni vody do vyrubu. Celkové pritoky vody z obou
tunelovych trub v rozsahu dobrotivskych vrstev (tedy od trojského
portdlu cca pred Slechtovu restauraci ve Stromovce) dosahovaly za
tento pomémné dlouhy vyraZzeny dsek tuneld hodnot do 120 1/sec.
PrestoZe v celém rozsahu dobrotivskych vrstev byla v trase JTT
a CasteCné i v STT v predstihu vyraZena prazkumnd $tola, kterd gene-
relné diagnostikovala horninové prostiedi, velikosti svého profilu
nemohla ddt v nékterych polohdch skute¢nou predstavu o chovdn{ vice
nez 10-15krat vétsich profild v daném geologickém prostredi.

Libeniské souvrstvi bylo béhem raZeb tvoreno nejprve revnickymi
kfemenci a po té jilovitymi aZ prachovitojilovitymi bridlicemi, pre-
véazné zdravymi aZz navétralymi, pouze na prechodu do vrstev leten-
skych (v oblasti pod velvyslanectvim Ruské federace) se projevila
vyraznd tektonika vyskytem poruchového pasma. Souddsti libenského
souvrstvi byla i poloha fevnickych kfemencu, navazujici na dobrotiv-
ské souvrstvi z predchézejiciho tseku razeb. Libenské bridlice, jako
soucdst byvalého letenského brehu Vltavy, byly na rozdil od vrstev
dobrotivskych kvalitnéj$i a pro razbu vesmés bezproblémové. Béhem
razeb nebyla v tomto souvrstvi zastizena podzemni voda vyraznéjsi
vydatnosti, nebot’razba v libenskych bridlicich probihala pod okrajem
udolnf terasy a nésledné pod svahem Letné, kde jiZ v nadloZi nebyla
zvodnéld ddolnf terasa.

Letenské souvrstvi v monoténnim vyvoji, jako skalni podloZi leten-
ské plosiny, tvori prevazné piscité bridlice s mistnimi vlozkami jem-
nozrnnych kfemenca. Jednd se o nejkvalitnéj§i horninové prostiedi
z celé trasy tunelu Kralovskd obora s minimélnimi pritoky podzemni
vody po puklinovém systému do vyrubu, pouze mistni tektonika
vytvorila v nékterych mistech oslabend pdsma, zv14sté pak v Gvodnich
metrech razby z portdlu Letnd.

Razba tuneld

Pavodni predpoklad raZeb podle Dokumentace pro stavebni povole-
ni (DSP) a Dokumentace pro zadéni stavby (ZDS) byl, Ze dvoupruho-
vé tunely se budou razit z portdlu v Troji (STT délky 1649 m, JTT
délky 1791 m) a tifpruhové tunely z portdlu Letnd (STT délky 582 m,
JTT délky 433 m). Priblizné pul roku po zahdjeni raZeb se zhotovitel

Tuel

allow developing of a complete conception of the behaviour of the more
than 10- to 15-times larger profiles in the given rock environment.

The Liben formation encountered during the excavation consisted first of
the Revnice Quartzite and then clayey to silty-clayey shales, which were
mostly hard to slightly weathered (with the exception of the transition to the
Letnd formation, where shear zones appeared under the Russian Federation
Embassy). Part of the Liben formation was a zone of the Revnice Quartzite,
linking to the Dobrotiv formation which had been found in the preceding
excavation section. In contrast with the Dobrotiv formation, quality of the
Liben Shale layers, which were parts of the former Letnd bank of the Vltava
River, was higher, mostly posing no problems to the excavation. No signifi-
cant ground water yield was encountered while excavating through this rock
formation because the excavation through the Liben shale ran under the
edge of a flood-plain terrace and, subsequently, under the slope of the Letnd
hill, where there was no water-bearing terrace in the overburden.

The monotonous background Letnd formation forming the Letnd plain
bedrock consists mainly of sandy shale with local interlayers of fine-grai-
ned quartzite. This is the highest quality rock environment on the entire
Kralovskd Obora tunnel route, displaying only minimum ground water
inflows to the excavation through the fissure system; weakness zones were
created only in some places by local tectonics (especially in the initial met-
res of the excavation from the Letnd portal).

Tunnel excavation

The original assumption about the excavation according to the final
design was that the double-lane tunnels would be driven from the portal in
Troja (the length of 1649m for the NTT and 1791m for the STT), whilst the
triple-lane tunnels would be excavated from the Letnd portal (582m on the
NTT and 433m on the STT). Approximately half a year after the commen-
cement of the tunnel excavation, the contractor decided that all excavation
would be carried out solely from the Troja portal, abandoning the idea of
the counter-heading from Letnd. This decision was motivated first of all by
savings in costs, above all as far as the area of numbers of workers and
mechanical equipment is concerned, and by the effort to alleviate the nui-
sance caused by transportation of muck through the Letnd portal to resi-
dents of the districts of Prague 6 and 7. But the newly developed works pro-
gramme assumed that maximum performance results would be reached in
individual tunnel tubes, without encountering more significant geological
anomalies, without need for additional, time demanding measures. During
2008, the tunnel excavation entered the water-bearing Vltava River’s terra-
ce, passing through extremely difficult geological conditions, under a mini-
mum rock cover. It gradually became more and more difficult.
Subsequently, two collapses of the overburden happened. Liquidation of
these emergencies and subsequent stabilisation measures during the tunnel
excavation resulted in a significant time losses compared with the pro-
gramme (about one year). The advance rates of excavation under the enti-
re area of the Stromovka Park, requiring many stabilisation and technolo-
gical measures, significantly contributed to this time loss. They dropped
from the originally assumed 50 — 90m per month to a half. This fact called
for reassessing of the existing programme; the decision was made at the
beginning of 2009 that the counter-heading from the Letnd portal would
commence, as anticipated at the beginning.

The NTT excavation from the Troja portal started at the beginning of
July 2007, followed by the STT excavation a month later. The NTT coun-
ter-heading from the portal in Letnd commenced in the second half of
2009, whilst the counter-heading of the STT started in the second half of
August 2009.

At the beginning, the excavation from the Troja portal proceeded without
bigger problems, both in terms of the stability of the excavation environment
at the heading and in terms of both the deformations of the primary lining
and the terrain settlement. The excavation under the Vltava River bed and
the shipping canal, as well as the embankment of the Prague — Kralupy nad
Vltavou rail line, was successfully accomplished. Problems appeared when
the headings arrived at the area under the Stromovka Park, where the rock-
head started to descend, reducing the cover thickness to less than 10m, and
tectonically strained Dobrotiv shales layers, degraded by tectonic faulting,
gradually started to extend to the upper parts of the excavated cross-section.
Seemingly stable layers of the rock massif with blocky, often uncontrollab-
le, jointing started to appear in the excavation face. Once excavated, the
blocks disintegrated into plates similar to roofing slates. This fact started to
seriously influence the stability conditions at the headings of the tunnel
tubes. The round length was reduced up to 1m and forepoling started to be
installed to support the excavation roof. A rock block fell uncontrollably
from the NTT top heading face on 20 May 2008. Subsequently a chimney
with dimensions of 3 x 3m developed, with shale plates falling from it.
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rozhodl, Ze veSkeré razby probéhnou pouze z portdlu v Troji Because of the thin rock cover, the chimney quickly reached the Quaternary
a protirazbu z Letné realizovat nebude. Toto rozhodnuti bylo motivo- water-bearing sediments, which, owing to the saturation, easily caved in,
vdno hlavné dsporami ndkladi predev§im v persondlni oblasti a ve forming a crater about 15m in diameter on the surface. In addition to the
strojnim vybaveni a také omezenim negativnich d&inki od dopravy sediments in the form of mud, water from the terrace started to flow into the
vyrubaného materidlu z portdlu Letnd na obyvatele Prahy 6 a 7. Nové tunnel at the rate of several tens of litres per second. The main stabilisation
zpracovany harmonogram vSak predpoklddal maximdlni vykonnosti and technological measures which were used during the liquidation of the
razeb v jednotlivych TT bez vétsich geologickych anomdlii a bez emergency comprised: the creation of a concrete plug filling the free space
vyznamnéjsich doplriujicich a ¢asové ndroénych opatieni. V prubéhu in the rock mass, low-pressure cementitious grout injection filling remaining
roku 2008 se razba tuneltu dostala do extrémnich geologickych podmi- cavities, high-pressure cementitious grout injection sealing the space above
nek s minimédlnim nadloZim pod zvodnélou vltavskou terasou, kde the future excavation and in the front zone, and chemical grouting sealing
razba se stivala stdle obtiZn&jif a kde ndsledné doslo ke dvéma mimo- the space in the surroundings from which water flew to the sinkhole, cano-
fadnym uddlostem. Jejich likvidace a ndslednd sanalni opatfeni{ béhem py tube pre-support installed from inside the tunnel, stabilising the overbur-
razby zplisobily v harmonogramu velkou &asovou ztritu (asi rok). den and protecting the roof of the future top heading and strict application
Velky podil na této Easové ztrité méla vykonnost raZeb s mnoha sanad- of a vertical top heading excavation sequence (dividing it into two parts),
nimi a technologickymi opatfenimi pod celym tzemim parku which was subsequently applied even to the STT top heading excavation
Stromovka, kde z pivodné uvaZovanych 50-90 m za mésic klesla na and predetermined the introduction of a new excavation support class even
polovinu. Tato skute¢nost si vynutila pfehodnocen{ stivajictho harmo- for the subsequent excavation, i.e. Sa modified class (5 am).
nogramu a poatkem roku 2009 bylo rozhodnuto o protirazbé z portalu The final design (design for tendering) for the area of driving under the
Letn4 tak, jak se ptivodné predpokladalo. shalll(')w rock cover in the Str.omovka Park expected.th.at stabilisation apd
Razba STT z portdlu v Troji zatala po&atkem &ervence 2007 a JTT add}tlon_al measures would be 1mplemen_ted only from inside tl_le.tpnnel (mlg—
o mésic pozd&ji. Protirazba STT z portdlu na Letné byla zahdjena rpplles, Jet grouting). When the excavation had starte.d,apomblhty of stabi-
v druhé poloving Cervence 2009 a JTT pak v druhé poloving srpna lising this area from the surface during 2007/2008 winter months was nego-

2009. tiated and agreed by authorities. The stabilisation comprised jet-grouted
columns above the NTT and STT, along the length of 150 — 160m, including
micropile rows straddling the tunnels. The scope of the works was limited by
the decision of the MHMP-OOP, defining the conditions for operations to be
carried out in the Stromovka park. Unfortunately, this scope did not cover the
entire area with extreme geological conditions. According to the constructi-
on safety concept, emergency parking bays with the sizes corresponding to
the triple-lane tunnel were designed to be carried out in the NTT and STT in
the given geological environment, in the location which was optimal from an
operational point of view. The excavation for the bays changed the double-
lane cross-section to triple-lane, with the upper vault height increased by app-
roximately 1.2m. The design did not require the jet grouting over this enlar-
gement. From the point at which the 1st collapse happened, the NTT was dri-
ven through excavation support class 5 am, with canopy tube pre-support,
mostly using IBO anchors 32mm in diameter, later SImm diameter, with a
vertical excavation sequence to be used for the top heading. The same pro-
cedure was applied to the STT, which followed with an approximately one-
month delay. Pre-excavation high-pressure grouting was carried out from
both exploratory galleries with the aim of increasing the excavation stability
first of all through reducing ground water inflows. A vertical sequence con-
sisting of 3 steps was designed for the emergency parking bay top heading
excavation in the NTT and STT. In the emergency parking bay in the NTT,

Razba z portalu v Troji z pocétku probihala bez vétsich problémd,
a to jak z hlediska stability horninového prostiedi ve vyrubu, tak
i z hlediska deformaci jak primdrniho osténi, tak i poklest na povr-
chu. Uspésné probéhla razba pod korytem Vltavy a plavebniho kana-
lu a také pod télesem Zelezni¢ni drahy Praha—Kralupy nad Vltavou.
Problémy zacaly pri vstupu razeb do tizemi{ pod parkem Stromovka,
kde skalni nadlozi zaCalo klesat pod 10 m a do vyrubu se postupné
z hornich partif nasouvaly polohy tektonicky namozZenych dobrotiv-
skych bridlic, degradovanych vlivem tektonického poruseni. Ve
vyrubu se zacaly objevovat na pohled zdanlivé stabilni polohy hor-
ninového masivu s blokovitou, ¢asto nekontrolovatelnou odlu¢nosti,
avSak po rozpojeni se bloky rozsypaly na desti¢ky pripominajici
stie$ni bridlicovou krytinu. To zaCalo velmi vyrazné ovliviiovat sta-
bilitni poméry ve vyrubu kalot tunelovych trub. Zkratila se délka
zabéru az na 1 m, zaCalo se s jehlovdnim pro ochranu stropu vyrubu.
Dne 20. 5. 2008 doslo na kaloté STT k nekontrolovatelnému vypad-
nuti bloku z Celby a k ndslednému vzniku kominu cca 3x3 m
s vypadavanim desti¢ek bridlice. Vzhledem k nizkému skalnimu
nadloZi se komin rychle pribliZil az ke kvartérnim zvodnélym sedi-
mentum, které se kvuli nasyceni vodou snadno propadly a doSlo na

poyrchu lfe Vzmkuv krteru O prumeru cca 15 m. Do tunelu kromé excavation steps 1 and 2 were successfully completed throughout the length
5¢ dlrvnent'u ve f(zrme bahna Zacala’pr'oudlt Z tizra'sy VOd? ve deatnos— of the bay, while less than a half of the bay length in the STT had the steps 1
u nel?()h%( <.ie51tekv v ,sec.. vaI.lav.mrr.u po uZ{tymvl, sa{lacm,ml a tech- and 2 finished. On 12 October 2008, the 3rd step work started in the NTT,
nologlck}’/ml opat{emml pfi likvidaci ,mlm(’)radne ud,aloStl byly: enlarging the emergency bay excavation to the full width. An opening drift
vytvore.mv betonové pl/orpby J%lfo pryotm uc’pavky VOlneth, prostf)ru was excavated to the side at the length corresponding to two excavation
v hornin€, cementové injektdZe nizkotlaké pro vyplnéni zbylych rounds (2.0m). Despite all measures which were possible at that time, a col-
d}mn’ ’Cementove mnje ktaze,tlakove pro lftesnenl prpstf)r}l pad Rudou- lapse developed while installing the primary support and remedial measures
cim vyrubem a v predpoli budouci razby, chemické injektdze pro from the underground failed to succeed. Then the Quaternary sediments rus-
utesnent prostoru s’prusaky vody v okolf propadu, rrvllk’ropllotove hed into the excavation. The assessment of subsequent remedial measures
destniky provedené z tunel}l pro stabilizaci ?adlozmc,h vrstev revealed that the thickness of the rock cover over the emergency bay vault
a ochranu stropu budouciho vyrubu kaloty, striktni zavedent svislého was a mere 4.0m instead of the original approximately 6 metres. This reality

fv:leném’ kaloty tunelu na dvé Cdsti, ktervé bylo. ndsledné uplatnéno had not been identified by a cored borehole which had been carried out from
1pro razbu kg}oty JTT a pro dal3i razbu predur¢ilo zavedeni nové TT the ground surface about 15m from the collapse location. This emergency
jako 5a modifikovand (5am). manifested itself on the surface by a crater with the average diameter of up to
V ZDS bylo pro ol?last raiveb.pod .Stmn}OVkO‘.l s nizk}':m na.dloil’m 30m. The excavation work was immediately suspended in both tunnels. The
pocitdno se sanaénimi a dopliujicimi opatrenimi provadénymi pouze | (echnological principles of the procedure used for the liquidation of the col-
z tunelu (mikropiloty, tryskovd injektdz). Po zahdjeni raZeb byla lapse was similar to the procedure applied to the 15t emergency event. The
dohodnuta a ndsledné projedndna moZnost sanovat toto dzemf{ lining in the tunnel location being enlarged to the emergency parking bay, in
z povrchu v zimnich mésicich na pfelomu 2007/2008. Tato sanace spo- which the collapse originated, was reinstated to the original state existing
¢ivala v provedeni sloupi tryskové injektdZe v rozsahu 150-160 m nad after the 1st and 2nd step of the bay top heading enlargement during 1.5
STT a JTT v€etné tunely obkracujicich mikropilotovych fad. Rozsah month. It was obvious, with respect to the fact that the most complicated sec-
téchto praci byl limitovédn rozhodnutim MHMP — OOP definujici pod- tion of the excavation in the extremely difficult geological conditions with
minky pro price provddéné v parku Stromovka a bohuZel nepokry- the thickness of the rock cover continually diminishing up to a mere about
val celou oblast s extrémnimi geologickymi podminkami. Na zdkladé 1.5m was still ahead, that the absolute safety during the tunnelling work
bezpecnosti dokumentace stavby byly v daném geologickém prostie- could not be secured without additional measures.
di, z provozniho pohledu v optimalnim misté, navrzeny v STT a JTT When the 2nd emergency event had been overcome, the following prin-
nouzové zdlivy o velikosti tfipruhového tunelu. cipal decisions were adopted, solving the aspects of the design, construc-
Od mista 1. mimofddné uddlosti byla STT razena v TT S5am tion work and checking of the stabilisation operations:
s ochrannymi deStniky vesmés s pouZitim IBO kotev ¢ 32 mm — Modified excavation support class Sa (Sam) with the round length of
a pozdéji ¢ 51 mm a se svisle ¢lenenou Eelbou kaloty, stejnym zptiso- 0.8m was prescribed for the entire length of the section found in the
bem byla razena i JTT s odstupem cca 1 mésice. Z obou pruzkumnych extreme geological conditions.
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Stol byly v predstihu provedeny sanacni vysokotlaké injektdZe pro — The excavation in excavation support class Sam was carried out using
zvyseni stability vyrubu pfedevsim formou omezeni pritokt podzem- a vertical sequence in the top heading and protective umbrellas con-
ni vody. Nouzovy zdliv v STT a JTT byl navrzen pro razbu kaloty na sisting mostly of R 51 L IBO anchors.

tfi ¢asti svislého rozélenéni. V nouzovém zalivu v STT byla vyrazena — The scope of jet grouting from the surface was extended to cover the
kalota ¢. 1 a 2 na celou délku zédlivu a v JTT ¢ast 1 a 2 na necelou polo- entire zone in which the excavation support class Sam was introduced
vinu délky zalivu. Dne 12. 10. 2008 bylo prikro¢eno v STT k rozsiten{ after the 2nd collapse, and the original scope was extended so that the
kaloty na nouzovy zdliv bo¢ni zardzkou 3. Césti v rozsahu dvou zdbé- potential risks during the subsequent excavation in the extreme con-
ra (2 m). Béhem instalace primérniho osténi doslo i pres veskerd, v t€ ditions with the minimum rock cover (up to 1.5m thick) were elimi-
dobé moznd, opatfeni ke vzniku nadvylomu, ktery se nepodarilo nated.

z podzemi zajistit, a néslednému priniku kvarternich sedimentt do — The safety concept of the construction defining the number and loca-
vyrubu. Dle vyhodnoceni naslednych sanaénich opatieni bylo zjisténo, tions of emergency parking bays was updated so that conditions of the
Ze skalnf nadloZ{ nad klenbou nouzového zdlivu bylo misto piivodnich reviewed standard CSN 73 7507/2006 were met. As the result of this
cca 6 metrll pouze cca 4 m. Tuto skute¢nost neodhalil ani jadrovy vrt reconsideration, the emergency parking bays in the NTT and STT
provedeny z povrchu terénu cca 15 m od mista mimorddné udélosti. which had originally been designed to be built in the extreme geolo-
Na povrchu se tato mimof4dnd udalost projevila kraterem o priméru gical conditions under the Stromovka Park, were moved to a location
a7 30 m. Razba na STT a JTT byla okam?Zité zastavena. Vlastni likvi- beyond the Slechta’s Restaurant, which location was less convenient
dace probéhla principidlné technologicky v podobném duchu jako in.termsof the final operation of the tunne]Z where the rock. cover
u prvni mimorddné udélosti. V misté roz§ifovani na nouzovy zdliv, kde thlcknes_'s rose to 11 —24m, .\&{here arock environment categorised as
doslo k zdvalu, se podafilo béhem 1,5 mésice nainstalovat osténi do excavation class 4 was specified. )
plvodniho tvaru po vyrazeni 1 a 2 &asti kaloty zdlivu. Vzhledem — The parts of the emergency bays in the NTT and STT which had been

k tomu, 7e nejsloZit&jsi dsek raZeb v extrémnich geologickych pod- completed before were redesigned and reconstructed to the form of
minkdch a se stdle se sniZujicim skalnim nadloZim aZ na pouhych cca double-l;me tunqels. ) . ‘ ‘
1,5 m se teprve otekdval, bylo zfejmé, Ze bez dalsich dopliujicich - The detailed design (design of means and methods, 1n4clud1ng mqnlto—
opatfeni nelze zajistit absolutni bezpe&nost pii provadéni raziéskych ring) was supplementeq by gddmg a system of checking of quality of
praci. all §tab1llsat19n opergtlons, ie. chegk core boreholes both from the
Po zdolani druhé mimorddné udalosti byla pfijata tato zdsadni roz- surface and from inside the tunnel, including laboratory tests, check
hodnuti, a to jak po strance projekéni, realizatni, tak také po strénce pressuremeter measurements, determnpatlon of llr.mts. on the rates Qf
kontroly sana&nich praci: gro_und water inflows to the excavation, determination of zones in
—V celém rozsahu extrémnich geologickych podminek byla stano- which all of the prescribed check tests, measurements etc. were to be

vena pro dal$i razbu v obou tunelovych troubdch technologickd summfirily assessed.. . . . .
tfida 5a modifikovand (Sam), délka zéb&ru 0,8 — 1,0 m. Chemical grout was injected to the interface between the jet grouting

—Razba v TT S5am byla realizovdna se svisle &lenénou kalotou and the rockhead and chemical grouting with two-component resins
a s ochrannymi destniky prevazné z IBO kotev R 51 L was carried out to fill fissures with the aim of eliminating inflows and

PR (1% . > ducing geotechnical parameters of the rock environment in the loca-
— Rozsah tryskovych injektdzi provddénych z povrchu byl rozsiten re . o
Ty Y J P Y P y tions where the risk of reduced stability of the rock mass due to larger

na celou zénu zavedeni TT 5am po 2. mimorddné uddlosti vCetné . . . . . . >
inflows of ground water into the excavation existed and locations with

roz$iteni puvodniho rozsahu tak, aby byla eliminovdna moZnd S
rizika pfi nasledné razbé v extrémnich podminkdch s minimélnim unfavourable jointing.
The NTT top heading excavation resumed in March 2009, after nearly
S-month preparation. The excavation after the 2nd collapse behind the

nadlozim (az pouze 1,5 m).
—Byla aktualizovina - bezpecnostni dokumentace stavby, kterd Slechta’s Restaurant proceeded without more significant dramatic situati-
ons. All of the stabilisation and technological measures used had reasons

definovala pocet a umisténi nouzovych zélivu tak, aby byly
dodrzeny podminky novelizované CSN 73 75 07/2006. Na and unquestionable importance. It has shown up first of all in the advance
rates of excavation through excavation support class Sam. The rate of 34

zékladé tohoto prehodnoceni byly v STT a JTT puvodné navrze-
né nouzové zilivy v extrémnich geologickych podminkich pod metres per month was originally set for the top heading excavation. The
actually achieved average excavation rates in class Sam were 41.5 metre

Stromovkou posunuty do polohy za Slechtovu restauraci

s nadloZ{m cea 11-24 m do .k\fa.hty hornmoveho’prost}‘eiil s TT per month and 37.8 metre per month in the NTT and STT respectively,
4, tedy do mist z pohledu definitivntho provozu dfla méné vhod- which meant savings in time of 28 days and 18 days on the NTT and STT
respectively.

ného.
— Vyrazené Easti nouzovych zdliva v STT a JTT byly projekéné Immediately after the excavation of both tunnel tubes passed behind
the Slechta’s Restaurant and left the 5am class zone, entering the Liben

a realizaéné upraveny na dvoupruhové tunely.
—Do Reallzac?l dokumentace_stavby )(l%D’S)va monlts)rl’ngu byl formation area with continually increasing height of the rock cover,
zaveden systém kontroly kvality provadent vsech sanacnich opat- there was no need for solving any crucial stability problems. The exca-
vation proceeded using a standard horizontal sequence (top heading,

feni — kontroln{ odvrty jak z povrchu, tak z podzemi v&etné labo-
bench and invert), with the exception of the shifted emergency bays,

ratornich zkousek, kontrolni presiometrickd meéreni, stanoven{
where the top heading excavation was divided into two sequences. The

limita pritokt podzemni vody do vyrubu, stanoveni z6n se sumér-

nimwvylllodnocenl’m vSech predepsanych kontrolnich zkousek double-lane tunnels were successfully driven from the Troja portal using

a méfenf atd. o - ) ) this procedure.
-V mistech s moin(gstl’ rolllka sniZeni stability horninového masivu The excavation of the triple-lane tunnels commenced by a counter-hea-
vlivem vétSich prinikii podzemni vody do vyrubu a v mistech ding from the Letnd portal. In contrast with the final design, where a ver-
s nepfiznivou puklinatosti byly pouZity chemické injektdze tical excavation sequence (side drifts and central pillar) was planned, both
z podzemi na kontakt mezi tryskovymi injektdZemi a skalni bazi tunnel tubes driving started using a horizontal sequence, assuming that if
a také chemické injektdZe dvouslozkovymi pryskyficemi pro the deformational response exceeded specified limits, it would be swit-
vyplnéni puklin s cilem eliminovat piitoky a zlepsit geotechnické ched to the vertical sequence. This requirement was strictly prescribed
parametry horninového prostfedi. first of all for the passage under the residential complex in Marie
Po asi Smési¢ni pfipravé byla razba na kaloté STT znovu zahdjena | Hordkové Street, known as Molochov. In this location, deformation limits
v bfeznu 2009. RaZba po 2. mimorddné uddlosti za Slechtovu restau- for the excavation of both double-lane tunnels were set at the insurmoun-
raci probéhla bez vétSich dramatickych situaci. VeSkerd pouzitd table maximum of 60mm (settlement) and 1 : 800 (slope of the settlement
sanaéni a technologickd opatfeni méla své opodstatnéni a svij trough). The Letné formation within a section reaching about 200 — 250m
nezpochybnitelny vyznam. To se projevilo pfedev§im na vykonnosti from the portal were frequently interspersed with tectonic faults and fre-
razeb v TT 5am, kdy ptvodné stanoveny vykon na kalot¢ 34 m/més. quent changes in the bedding, which reduced the ground mass quality and
byl pro cely rozsah TT 5am na STT dosazen v ¢ 41,5 m/més. a JTT led to overbreaks and instable excavation in the cases of greater round
v ¢ 37,8 m/més., coz znamenalo na STT dsporu v ase 28 dni a na lengths. Combined with problems with blasting operations under existing
JTT 18 dni. . buildings, this meant that the originally planned round lengths within the
Jakmile raZba na obou tunelovych troubdch prosla za Slechtovu res- range of 2 — 2.5m had to be reduced to 1.3 — 1.8m. This measure affected

tauraci a opustila zénu TT 5am a predevsim vstoupila do libenskych the total time of the triple-lane tunnels excavation. Fortunately, the Letnd
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vrstev se stdle se zvySujicim nadloZim, nebylo nutno feSit zasadni Member rocks behaved very well as far as deformations were concerned.
stabilitni problémy. Razba probihala se standardnim horizontdlnim Deformation responses at the NTT top heading and, subsequently, the STT
¢lenénim, pouze v posunutych zélivech se kalota ¢lenila na 2 &dsti. top heading allowed the excavation to pass under Molochov using a hori-
Uspéiné tak byly vyraZeny dvoupruhové tunely z trojského portalu. zontal sequence without substantial measures. Vibrations and noise gene-
Razba tfipruhovych tuneli zacala protiraZbou z portdlu Letna. rated by the drill-and-blast operations during the excavation of triple-lane
Oproti ZDS, kde bylo pocitdno s vertikdlnim ¢lenénim, byly razby na tunnels under existing buildings induced negative reactions of inhabitants,
obou troubdch zahdjeny s horizontdlnim ¢lenénim s tim, Ze pokud posing a serious problem. It was necessary to avoid blasting operations at
deformacni odezva prekro¢i stanovené limity, zméni se ¢lenéni na ver- night and seismic effects had to be regulated through choosing modified
tikdlni. Tento poZadavek byl striktné predepsdn predev§im pro pod- blasting technologies. It was probably for the first time in the Czech
chod obytné zdstavby v ulici Milady Hordkové zndmou jako Republic that programmable electronic detonators were used to such a
Molochov. Zde deformaéni limity po vyraZeni obou tfipruhti max. great extent. It was impossible for the reason of keeping to seismic para-
pokles 60 mm a sklon poklesové kotliny 1:800 byly stanoveny jako meters to excavate longer rounds than 1.8m even in better rock conditions.
neprekrocitelné. Letenské vrstvy v délce cca 200-250 m od portdlu Taking into consideration the fact that it was impossible to meet the origi-
byly Casto prostoupeny tektonickymi poruchami a astou zménou vrs- nal requirements for the advance rate in triple-lane tunnels and with res-
tevnatosti, které sniZovaly jejich kvalitu projevujici se nadvylomy pect to time savings in the excavation of the double-lane tunnels, the deci-
a nestabilitou vyrubu pii delSich zdb&rech. V kombinaci s problémy sion was made that the NTT excavation would continue from the Troja
s trhacimi pracemi pod zdstavbou to znamenalo ptivodné uvazované portal further to the triple-lane tunnel section, at a length of 186m. The
z4béry v rozsahu 2-2.5 m upravit na 1,3-1,8, coz mélo dopad na cel- intgrest in timely commencing the excavation of the veptilation structures,
kovou dobu raZeb tifpruhovych tuneld. Na§tésti se zastizené letenské which depend on the completion of the NTT excavation, contributed to
vrstvy velmi dobfe chovaly z hlediska deformaci, deformaén{ odezvy this decision. o )
na kalotich STT a nasledné i JTT umoZnily podchod Molochova .The excavation for ventilation structures has and will have several tech-
s horizontdlnim ¢lenénim bez vyraznych opatfeni. Velkym problémem nical and time-related aspects: ) )
pii razbé tipruhovych tuneld pod zdstavbou byly odezvy trhacich — The decision from November 2009 on the excavation for all ventila-

praci a hluku s negativnim ohlasem u obyvatel nadzemni zédstavby. tion structures (apart from shafts) solely through the NTT brings
Bylo nutné vylougit trhacf prace v no¢nich hodindch a regulovat seis- about serious problems in terms of time relationships between mined

mické G¢inky volbou upravovanych technologii trhacich praci. Zrejmé Elnneils and cut-and-cover structures in the construction trench in
etnd.

poprvé v Ceské republice byly v tak velkém méfitku pouZity progra- : . o
movatelné elektronické rozbusky. Nebylo mozné z divodu dodrzeni — This decision puts heavy demands on the organisation of the excava-
tion between individual structures and the Kralovskd Obora mined

seismickych parametrii pouZivat i v lep§ich horninovych podminkéch . . : . : . L
del§{ zdbéry nez max. 1,8 m. Vzhledem k tomu, Ze nebylo mozné plnit tunnels, 1nclgd1ng the 1nstallat1f)n of the final lining L
— The completion of the excavation of the largest profile, i.e. the 123m

predem stanovenou vykonnost pfi razbédch tfipruhovych tuneld I for th lation ol b onal ¢
a vzhledem k Casové tspore na razbach dvoupruhovych tuneld, bylo ong cavernz or the ventilation plant with the cross-sectional area o
about 286m~ is ahead of us.

rozhodnuto, Ze razba na STT bude pokraCovat z trojského portalu i do . . o
P ) P — The excavation of a ventilation tunnel under the beforehand excava-

tifpruhu, a to v délce 186 m. K tomuto rozhodnut{ prispél i zdjem na . . . .
v&asném zahdjeni razeb vzduchotechnickych objektu, které jsou zdvis- ted NTT and STT.’ Wlth. t_echmcally complicated connections to the
two tunnel tubes, is awaiting us.

1€ na dokoncenf{ razeb na STT. . . . . . .
S - S e o PR . — Permanent dialogue with the public during the excavation under exis-
Razba vzduchotechnickych objektu md a bude mit nékolik technic- . o i o . . .
ting buildings will have to be maintained, with possible additional

kythE(l);l?Z(c)l\Ill}:l(t:? ;Slli):tl:)tu; du 2009 o vyrazenf viech vzduchotechnic- restrictions, the results of which may crucially affect the overall final
P yrazenl vacch vze completion date.

my v casovych vazbiach mezi razenymi tunely a hloubenymi conclusion

%bjekty Ejame ’Llfltna. Iké nérok o . The top heading breakthroughs on the NTT and STT took place on
— Toto rozhodnuti klade velké ndroky na organizaci raZeb mezi jed- | 1712010 and 16/02/2100 respectively. The completion of excavation

notlivymi objekty a raZenymi tunely Krdlovskd obora véetné rea- operations, including the ventilation structures, is scheduled for

1vizac’e d’efinitivvm’hf) Os,téflfv' . . . 15/01/2011; the completion of principal civil works on the mined tunnels
— Cekd nds doraZeni nejvétsiho profilu — strojovny vzduchotechni- and structures is expected in March 2012.

ky dl. 123 m a profil cca 286 m”.
— Ceka nds razba vzduchotechnického kandlu pod jiz vyraZenymi BRUSNICE TUNNEL
STT a JTT s technicky ndroénym propojenim s obéma tunelovymi

troubami. Introduction

— Cekd nds permanentn{ dialog s vefejnosti pii razbé pod zdstavbou The Brusnice mined tunnel section, as a part of the Blanka complex of
a's moznymi dalifmi omezenfmi, kterd mohou ve svém diisledku tunnels, provides the interconnection between portals located in the con-
mit zdsadni vliv na termin celkového dokonceni stavby. struction trenches Myslbekova and PraSny Most. The mined tunnels are

constructed using the NATM. On the one hand, they pass under a relati-

ZaverN . vely little developed area. On the other hand, they run under historic
Prordzka kalot na STT probéhla 12. 1. 2010 a na JTT 16. 2. 2010. Prague bastions of a Baroque fortification system, sensible utility net-

Ukonenf razeb véetné vzduchotechnickych objekti je pldnovano 15. works, a tram track and near the building of the Ministry of Culture and
1. 2011, ukonCeni hlavnich stavebnich praci na raZenych tunelech historic buildings in Jelen{ Street. After the final design (tender documen-
a objektech se pfedpokldda v bfeznu 2012. tation) was issued and during the work on the detailed design, significant

development took place with the aim of eliminating risks as much as pos-
TUNEL BRUSNICE sible as far as the excavation stability and, above all, deformational effects

of the excavation on existing buildings are concerned. The deciding argu-

Uvod ment for the modifications was new information on geological and geo-
Razeny tunelovy tsek Brusnice jako soucdst tunelového komplexu technical conditions in which the tunnel tubes are driven. During the pre-

Blanka propojuje ¢dst mezi portdly umisténymi do stavebnich hlou- paration, even the construction organisation was changed, with respect to

benych jam Myslbekova a Prasny most. Tunelové trouby jsou reali- the time-related development of the excavation of construction trenches.

zovény jako raZzené pomoci NRTM pod tzemim s relativné fidkou
zédstavbou, avSak pod historickymi bastiony barokniho praZského Basic information on the tunnels

opevnéni, choulostivymi inZenyrskymi sitémi, tramvajovym tlesem The mined tunnel tubes are designed and built as triple-lane structures
a také pobliZ objektu Ministerstva kultury CR a historickych objektu with the common excavated profile area of 168 — 175m?2, which increases
v ul. Jeleni. Od vydani ZDS doslo v pripravé tunela a pfi zpracovani to up to 206m?2 in ventilation tunnels. The mined parts of the Northern
RDS k vyznamnému vyvoji s cilem co nejvice eliminovat rizika jak Tunnel Tube (NTT) and the Southern Tunnel Tube (STT) are 534m and
stabilitni povahy, tak pfedevsim z pohledu deforma&nich d¢inka razeb 549m long, respectively. A vertical excavation sequence originally desig-
na povrchové objekty. Rozhodujicim argumentem pro tyto dpravy ned for the excavation of both tunnel tubes in the final design and detailed
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byly nové informace o geologickych a geotechnickych podminkéch,
ve kterych se tunelové trouby razi. Béhem této pripravy také doslo
k zdsadni zméné organizace vystavby s ohledem na ¢asovy vyvoj rea-
lizace stavebnich jam.

Zakladni informace o tunelech

Razené tunelové trouby jsou navrZeny a realizovény jako tfipruho-
vé 0 béZném profilu 168—175 m? ve vyrubu, ve vzduchotechnickych
kandlech jsou profily zvétSeny az na 206 m2. Severni tunelova trouba
(STT) je v razené Casti dlouhd 534 m a jizni tunelova trouba (JTT) pak
549 m. Puvodné byly obé trouby navrZeny v DSP a ZDS s vertikdlnim
¢lenénim. Na zdkladé sniZeni podélného vedeni trasy a vyhodnoceni
skute¢né zastiZenych geotechnickych podminek pfi hloubeni stavebn{
jdmy Myslbekova a na zdkladé permanentniho vyhodnocovéni skutec-
nych geotechnickych podminek béhem razby v rdimci geotechnického
monitoringu bylo postupné rozhodovdno o tom, ze STT v délce cca
366 m bude raZena s pouZitim horizontdlniho ¢lenéni. Také na JTT
doslo k dpravé v tom smyslu, ze kromé dvodnich 50 metrt od portalu
Myslbekova je dal$ich min. 200 m raZeno s horizontdlnim ¢lenénim.
Pavodné obé tunelové trouby spojovala jedna propojka, v bez-
pecnostni dokumentaci jsou navrZeny propojky dvé. Oproti DSP
a ZDS doslo béhem praci na RDS k zdsadni zmeéné vyskového veden{
trasy v oblasti tunelu Brusnice z duvodu novych informaci o sku-
te¢nych geologickych pomérech, a to na zdkladé vysledkt dopliujici-
ho geotechnického prazkumu z 4/2008. Obecné byly geotechnické
podminky podle tohoto prizkumu vyhodnoceny jako podstatné horsi,
neZ bylo v DSP a ZDS uvaZovdno, a to predev§im s ohledem na
vyznamné zastizené snizeni mocnosti skalntho nadloZ{ (max. z 12 m
na 3 m). Vzhledem k vysledkim tohoto dopliiujictho GP doslo i ke
zméné rozsahu technologickych tfid (TT) NRTM. V obou tunelovych
troubdch doslo ke sniZeni nivelety aZ o max. 5,6 m.

Velkou a zdsadni zménou oproti ZDS byla zména organizace vy-
stavby. Pivodné se uvazovalo s nasazenim raZeb vesmés z portdlu
Pras$ny most dovrchné a s pfedem zasanovanym tzemim za portdlem.
Vzhledem k tomu, Ze doSlo k vyznamnému ¢asovému posunu zacatku
praci na hloubené jamé Pras$ny most, byl zhotovitel nucen zacit razit
z portalu Myslbekova, a to dpadné a prostorové ve velmi stisnénych
podminkéch.

Soucasti razeb tunelu Brusnice je i razeny vzduchotechnicky kanal
o vyrubu cca 80 m2 dl. 145 m a zakonCeny vétraci Sachtou hloubky
40 m. Tento kandl bude raZen ze zdpadni stény stavebni jamy Mysl-
bekova opa¢nym smérem neZ vlastni tunelové trouby.

Geologické a hydrogeologické poméry

Vysledky vsech stupiii IGP potvrdily pavodni predpoklad, Ze geo-
logické a geotechnické poméry jsou znacné slozité a velmi proménli-
vé. Z hornin skalntho podloZi se v trase tunelu Brusnice vyskytuje
ordovické souvrstvi letenské v monoténnim vyvoji. Monoténni vyvoj
téchto bridlic je proti zvétrdvdni méné odolny, zvétralinovy horizont
md mocnost 3-5 m, v tektonickych poruchdch muZe byt i mocnost az
nékolikandsobné vétsi. U portdlu Pra$ny most razba STT zastihne svou
nejspi§ sprafemi a spraSovymi hlinami. Jejich kvalita je zdvisla prede-
v§im na pritomnosti vody. Generelné 1ze konstatovat, Ze razba od por-
tdlu Myslbekova probihd v pomérné dobrych geologickych podmin-
kéch, kde kromé krétkého priportdlového tseku s TT Sa je prevazné
zastoupena TT 4. Tyto podminky se méni pred a pod ulici U Brusnice
s postupnym, ale vyraznym sniZovanim mocnosti skalniho nadlozi
a s avizovanymi tektonicky poruSenymi pdsmy. V této oblasti se
vyskytuje TT 5a. Jako oblast s velmi obtiZnymi geologickymi pod-
minkami je avizovén tsek dl. cca 100 m pred portdlem Pras$ny most,
kde budou zastizeny zvétralé az rozlozené bridlice a v STT i prechod
do kvartérnich sedimentti s TT 5a a 5b.

Razba tuneld

Razba STT zacala 9. 10. 2009 a JTT 9. 1. 2010. STT je raZena na
predpoklddanou délku cca 366 m s horizontdlnim ¢lenénim. Razby na
zatdtku STT byly koncipovény tak, aby co nejdiive bylo uzavieno cca
30 m celého tunelu. Ddle razba probihd se soubéhem kaloty a opéfi
s odstupem cca 60—80 m. Pfi razbé se pouZivaji trhaci prace, ve zhor-
Senych podminkédch pouze strojni rozpojovéani. V dobé zahdjen{ razeb
STT na jeji kaloté a pozdéji i na opéfi byly zastiZeny nékteré portélo-
vé pramencové kotvy, které razbou byly vyfazeny z funkce. Portdlova
sténa vykdzala trigonometrii na geodetickych bodech pohyby

Tuel

design. On the basis of lowering of the tunnel alignment and assessing the
geotechnical conditions actually encountered during the excavation of the
Myslbekova construction trench, and on the basis of permanent assess-
ments of actual geotechnical conditions during the excavation within the
framework of the Geotechnical Monitoring, the decision was gradually
made that the NTT would be driven using a horizontal sequence in an app-
roximately 366m long section. Changes were made also in the STT. Apart
from the original 50 metre section behind the Myslbekova portal, additio-
nal 200m is driven using the horizontal sequence. Originally, the two tun-
nel tubes were interconnected by one cross passage. The safety design
requires two cross passages. Compared with the final design, the vertical
alignment was fundamentally changed in the detailed design in the
Brusnice tunnel area, taking into consideration new information about
actual geological conditions, based on results of the Supplementary
Survey from 04/2008. In general, the geotechnical conditions identified by
this survey were assessed as substantially worse than those assumed in the
final design and detailed design, first of all with respect to the significant-
ly reduced thickness of the rock cover which was identified (maximum
reduction from 12m to 3m). Taking into consideration results of the supp-
lementary geological survey, even the NATM excavation support catego-
risation was changed. The vertical alignment of both tunnel tubes was
lowered by 5.6m as the maximum.

A change in the organisation of the construction meant a significant ,
principal change of the final design. It was originally assumed that the
headings would start from the PraSny Most portal, inclined upwards, with
the area beyond the portal stabilised in advance. Because of the fact that
the commencement of the excavation of the Prasny Most construction
trench (for cut-and-cover tunnels) was substantially delayed, the contrac-
tor was forced to start the excavation from the Myslbekova portal, down-
hill, in highly constrained conditions.

Part of the Brusnice tunnel construction is a 145m long mined ventila-
tion tunnel with the excavated cross-sectional area of about 80m2, with an
80m deep ventilation shaft at its end. This tunnel will be driven from the
western wall of the Myslbekova construction trench, counter the direction
of the excavation of the main tunnel tubes. See Fig. 4

Geological and hydrogeological conditions

Results of all degrees of engineering geological surveys confirmed the
original assumptions that the geological and geotechnical conditions are
very complex and highly variable. The bedrock along the Brusnice tunnel
route consists of the Ordovician, monotonous background Letnd formati-
on. The monotonous backround shales are less resistant to weathering; the
soil mantle is 3 — 5Sm thick; in tectonically faulted zones the thickness can
be even multiply bigger. Despit the significantly lowered alignment, the
upper part of the NTT excavation will encounter Quaternary sediments
probably formed by loess and secondary loess. Their quality depends
above all on the presence of water. It can be generally stated that the exca-
vation from the Myslbekova portal proceeds in relatively good geological
conditions, where, with the exception of a short portal section categorised
as excavation support class 5a, class 4 prevails. These conditions change
before and under U Brusnice Street, where the thickness of the rock cover
gradually but substantially diminishes and tectonically faulted zones are
predicted. The ground in this section is of 5a excavation support class.
Very difficult geological conditions are predicted to exist in the about
100m long section before the PraSny Most portal, where weathered to
decomposed shales will be encountered, in addition with a transition to
Quaternary sediments (excavation support classes 5a and 5b) in the NTT.

Tunnel excavation

The NTT and STT excavation commenced on 09/10/2009 and
09/01/201 respectively. The NTT is being driven using a horizontal exca-
vation sequence for the planned length of 366m. The excavation at the
beginning of the NTT were planned with the aim of closing the whole tun-
nel profile within an about 30m long tunnel section. Then the excavation
proceeds with the top heading at the distance of about 60 — 80m ahead of
the bench. The drill-and-blast is used during the excavation; rock is bro-
ken only mechanically in deteriorated conditions. Several stranded
anchors supporting the portal were encountered when the NTT top hea-
ding and later the bench excavation started. They were put out of action by
the excavation. A trigonometric survey on survey points installed on the
portal wall proved displacements and tension dynamometer measurements
showed a significant increase in tensile forces. These manifestation stabi-
lised when the NTT profile had been closed and some measures had been
implemented directly at the portal. The STT excavation started using a
vertical excavation sequence. This vertical sequence was prescribed for a




Obr. 3 Razba kaloty STT tunelu Brusnice
Fig. 3 Brusnice NTT top heading excavation

a dynamometrickd méfeni na nékolika kotvédch vykdzala zna¢ny ndrast
tahovych sil. Po uzavreni STT a po nékterych opatfenich pfimo na por-
tdle se tyto projevy uklidnily. Razba JTT byla zahdjena s pomoci ver-
tikdlniho ¢lenéni. Toto vertikdlni ¢lenéni bylo predepsano na délku 50
metru s tim, Ze celd JTT musi byt uzaviena co nejdfive na délku min.
35 m. Dalsi dsek v JTT v dl. min. 200 m je raZen s horizontdlnim cle-
nénim vyrubu s permanentni kontrolou deformaéni odezvy. STT a JTT
vedené z jamy Myslbekova podchézeji prilehly park, dale pak jsou
vedeny podél ul. Jeleni ke kfiZzovatce s ul. U Brusnice. Ndsledné razby
podchézeji parkovisté a park podél objektu Ministerstva kultury CR.
Z4dné objekty nadzemni zdstavby nejsou primo podchdzeny, ale
nékteré jsou v zoné poklesové kotliny. Celkem na ¢tyfech mistech obé
tunelové trouby piimo podchézeji pamétkové chrdnéné barokni basti-
ony. Nad tunelovymi troubami se na mnoha mistech nachdzeji chou-
lostivé inZenyrské sité — plyn, kanalizace, voda atd. a také provozova-
nd tramvajova trat. Tyto inZenyrské sit€ a tramvajova trat jsou bez pla-
novanych preloZek, a proto ve stavebnim povoleni jsou stanoveny
deformacni kritéria pro poklesy na terénu po vSech raZzbach — max.
pokles 6 cm a sklon kotliny 1:1000. Statické vypocty prokdzaly, Ze
v kritickych mistech se zhorSenymi geotechnickymi parametry tyto
limity jdou splnit pouze tehdy, pokud se pfi razbé pouzije vertikalni
Elenéni. Z téchto divodu jsou v kritickych mistech STT a JTT razeny
s timto typem Clenéni.
Zaver

RaZeny tunel Brusnice byl zahdjen s uréitym zpozdénim oproti
jingm stavbam tunelového komplexu Blanka. To bude jisté vést
k velkému tlaku na v¢asné dokonceni s ohledem na predpoklddany ter-
min dokonéeni celé trasy méstského okruhu od Strahovského tunelu
k napojeni na most Barikddnikd. Jiz ve fédzi pripravy bylo nutné
z Casovych duvodu ustoupit od puvodniho zdméru razit tunel Brusnice
z portdlu Pras$ny most s lep$imi dispozi¢nimi a prostorovymi podmin-
kami pro razbu a bylo nutné prehodnotit organizaci praci pro zahajen{
za méné vyhodnych podminek z portdlu stavebni jamy Myslbekova,
ato v uklonu s 5% spadem.

Ukonceni razeb se predpoklddd koncem btezna 2011 a ukonleni
hlavnich stavebnich praci na raZenych objektech ke konci roku 2011.
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Obr. 4 Portdl JTT raZeného tunelu Brusice
Fig. 4 Brusnice STT mined tunnel portal

length of 50 metres, with a requirement that the entire STT profile had to
be closed within a minimum length of 35m as early as possible. The next
STT section, 200m long as a minimum, is driven using a horizontal exca-
vation sequence, with permanent checking on the deformational response.
The NTT and STT excavation starting from the Myslbekova excavation
trench passes under an adjacent park and proceeds along Jelen{ Street up
to the intersection with U Brusnice Street. The subsequent excavation runs
under a car park and a park running along the building of the Ministry of
Culture. No existing buildings are directly passed under, but some are
found in the settlement trough. The two tunnel tubes pass directly under
historically protected Baroque bastions in four locations. Sensitive utility
networks (gas pipelines, sewers, water lines etc.) and also a tram track are
found in many locations above the tunnel tubes. No diversions are planned
for the utility networks and the tram track. For that reason, deformation
criteria are prescribed in the Building Permit, limiting the surface settle-
ment after all excavation operations: 6¢cm for the settlement and 1 : 1000
for the settlement trough slopes. Structural analyses proved that these
limits can be met in critical locations with deteriorated geotechnical para-
meters only if a vertical excavation sequence is used. For that reason the
NTT and STT are driven in critical stretches solely using this excavation
sequence.

Conclusion

The Brusnice mined tunnel excavation started with a certain delay com-
pared with other sections of the Blanka complex of tunnels. This will cer-
tainly lead to considerable pressures on timely completion with respect to
the expected completion of the entire route of the City Circle
Roadbetween the Strahov tunnel and the connection to the Barikddnikt
Bridge. The original intention to drive the Brusnice tunnel from the Prasny
Most, for which the excavation conditions were better in terms of the lay-
out and spatial conditions, had to be abandoned as early as the planning
stage. The entire organisation had to be reconsidered to allow the operati-
ons to start in rather disadvantageous conditions, from the Myslbekova
construction trench, on a down gradient of 5%.

The excavation is expected to be completed at the end of March 2011,
while the main civil works on mined structures are to be finished at the end
of 2011.
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