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Projektovéni a realizace tunelt dnes jiZz neznamend jen perfektni
zvladnuti geotechnické problematiky nebo technologickych postu-
pu vystavby. Na bezpecnost provozu silni¢nich a ddlni¢nich tunela
dohliZeji sofistikované fidici systémy a pfi ndvrhu technického
feSeni je nutno zohlednit nejen vysi investi¢nich a provoznich
ndkladu a bezpe&nostnich hledisek, ale i vliv dopravy v tunelu na
Zivotni prostredi. Souldsti zaddvaci dokumentace na vystavbu
tuneld Silni¢niho okruhu kolem Prahy (SOKP) v tseku stavby 513
byla i vystavba vzduchotechnického objektu Nouzov, ktery pfi
vysokych dopravnich zdtézich zajiStuje, aby koncentrace $kodlivin
pti provozu neprekracovaly hygienickymi predpisy povolené meze.
Objekt se sklddd z nadzemni ¢4sti, kde je umisténa strojovna vzdu-
chotechniky, technologické zdzemi a vydechovy komin, a déle ze
vzduchotechnické Sachty a podzemniho vzduchotechnického roz-
pletu napojeného na oba hlavni tunely. Cldnek popisuje proces opti-
malizace technického feSeni podzemni ¢dsti vzduchotechnického
objektu a realizaci stavebni c¢dsti vzduchotechnické Sachty
a podzemniho rozpletu.

PUVODNI NAVRH DLE ZADAVACI DOKUMENTACE

Vzduchotechnicky objekt Ize z hlediska vedeni vzduchu rozdélit
do dvou Césti. Na ¢dst odsdvajici zne€isteény vzduch z obou tunelo-
vych trub do vzduchotechnické Sachty a déle pres nadzemni Cdst
objektu do vyfukového komina. V druhé ¢4dsti objektu je do stou-
paciho tfipruhového tunelu doddvdn &isty vzduch, ktery po smiseni
se vzduchem v tunelu sniZuje koncentraci Skodlivin tak, aby na
cholupickém portdle splnovala hygienické normy pro vypousténi
znelisténého vzduchu z tunelu do ovzdusi. Padorysné schéma navr-
Zeného technického feSeni viz obr. 1, kde je modrou barvou vyzna-
Cen prisdvany Cisty vzduch a Cervenou barvou odsavany znecistény
vzduch. Souddsti podzemniho rozpletu byla, kromé pomérné slozi-
tého systému chodeb a kandlu, i dprava konstrukce osténi obou
tunell v misté napojeni na vzduchotechnicky objekt. Profil tunelu
byl oproti standardnimu tvaru nadvySen, na bocich tunelu byly
navrzeny sestupné Sachty se zaluziemi pro odsdavani znecisténého

INTRODUCTION

No more does designing and constructing mean only perfect
coping with geotechnical problems or technological procedures of
construction. Safety of traffic in road and motorway tunnels is
supervised by sophisticated control systems. When a technical solu-
tion is being designed, it is necessary to take into consideration not
only the amount of capital and operating costs and safety aspects,
but also the environmental impact of traffic passing through the tun-
nel. Part of the tender documentation for the construction of tunne-
Is on the Prague City Ring Road (the outer ring), construction lot
513, was, among others, the construction of Nouzov ventilation sta-
tion, which secures that the concentration of pollutants due to high
traffic volumes during the tunnel operation does not exceed limits
allowed by hygiene regulations. The station structure comprises
a superstructure containing a ventilation plant, a technical area and
an exhaust stack and further, a ventilation shaft, an underground
ventilation junction node linking to both main tunnels. This paper
describes the process of optimising the technical solution to the
underground part of the ventilation station and execution of civils
works on the ventilation shaft and the underground junction node.

ORIGINAL DESIGN ACCORDING TO REQUIREMENTS
OF TENDER DOCUMENTATION

The ventilation station structure can be divided in terms of the
air routing into two parts, i.e. a part sucking polluted air from both
tunnel tubes and discharging it to a ventilation shaft and further,
through the superstructure, to an exhaust stack, and the other part
supplying fresh air to the triple-lane (ascending) tunnel to reduce
the concentration of pollution by mixing it with the air in the tun-
nel so that the pollution level at the Cholupice portal complies
with requirements of hygiene standards for exhausting polluted air
to the atmosphere. For the layout of the technical solution draft see
Figure 1, where the fresh air which is being sucked in is marked in
blue and the polluted air being exhausted in red. Part of the
underground junction node was, apart from a relatively complex
system of galleries and ducts, also a modification of the lining of

both tunnels at the point where it connects to

Vydechova cast
Sucking part

the ventilation station structure. Compared
with the standard cross section, the tunnel
profile height was increased, descending
shafts with dampers were designed for the
sites to remove polluted air from the tunnel.
Fresh air was supplied to the space above
a suspended slab in the triple-lane tunnel
and blown into the tunnel at a sufficient
distance from the extraction dampers so that
it was not immediately sucked back. The
proposed technical solution was not optimal
for several reasons:

The tunnel excavation encountered very
hard rock which required the use of the drill-
and-blast disintegration technique. The venti-
lation junction node is found roughly in the
middle of the mined tunnels section, at
a location where the overburden is the hig-

hest. Blasting operations would have caused

Obr. 1 Piidorysné schéma puvodniho technického ieseni
Fig. 1 Layout plan of the original technical solution

significant deterioration of the rock mass
during the excavation of the designed system
of ventilation adits, a ventilation shaft and



Obr. 2 Schéma napojeni vzduchotechnického objektu na jiZni tunel
Fig. 2 Chart of the connection of the ventilation station to the southern tunnel

vzduchu. Cerstvy vzduch byl pfivadén do prostoru nad mezistro-
pem tiipruhového tunelu a vyfukovéan do tunelu v dostate¢né vzda-
lenosti od nasdvacich zaluzii, aby nedochdzelo k jeho opétovnému
nasdvani. NavrZené technické feSeni nebylo optimdlni hned
z nékolika davodu:

- Pfi razbé tunelu byly zastizeny velmi pevné skalni horni-
ny, jejichZz rozpojeni vyZadovalo pouZiti trhacich praci.
Vzduchotechnicky rozplet se nachdzi zhruba uprostied tdseku raze-
nych tuneld v misté s nejvy$sim nadlozim. Vlivem negativnich
ucinka trhacich praci pfi razbé navrzeného systému vzduchotech-
nickych Stol, Sachty a tunelové propojky by doSlo vzhledem
k minimdlnim vzddlenostem podzemnich prostor ke zna¢né degra-
daci horninového masivu s nezddoucimi dopady i do oblasti hlav-
nich tunelu.

- Profily vzduchotechnickych chodeb a kandli navrzené
v obdélnikovych a asymetrickych tvarech
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a tunnel cross passage. The negative effects would have been spre-
ad even to the area of the main tunnel tubes.

The rectangular and asymmetric geometry of ventilation adits
with extremely flat upper vaults which had been designed does not
appear advantageous in terms of the structural behaviour.

A very thin rock pillar remained between the underground venti-
lation station structure and cross passage No.5; it was only 1m thick
in the locations of niches in the ventilation adit!

The ventilation junction node was complex as far as the construc-
tion work and subsequent maintenance during operation is concer-
ned. Structural details of connections for individual underground
spaces were very difficult to perform and were potential sources of
defects. First of all in cases of the waterproofing membrane leaka-
ge, removing leaks would require very expensive and difficult to
implement measures.

The tunnel cross-sectional area, reaching 107m? in the northern
tube and even 138m? in the southern, was further enlarged in the
junction node location as a result of the creation of a ventilation duct
above the profile of both tunnel tubes. Figure 2 shows the connecti-
on of the underground ventilation station to the triple-lane tunnel as
required by the tender documentation. Enlarging the profile during
the construction work would have meant the necessity to modify the
technological procedure and use many atypical elements of both the
primary and final linings.

The proposed principle of ventilation expected that an intermedia-
te deck would be built in both tunnel tubes. The section in question
was 55m long in the triple-lane tunnel and only 5m long section in
the double-lane tube. Using the cross-section containing the interme-
diate deck required structural modification of standard travelling
forms for casting of the final lining and using special formwork for
the casting of the intermediate deck itself. This would have affected
both the construction time and the cost of works because the special
formwork for the intermediate deck would have been used on a very
short tunnel section. The planned extent of the intermediate deck use
in the northern and southern tunnel tubes is shown on Fig. 3.

The intermediate deck is a critical element in terms of fire safe-
ty because the task to secure fire resistance of the deck is much more
difficult to solve compared with the tunnel lining vault. In a case of
a collapse of the structure, the collapsed intermediate roof means
blocking of the escape route, just in the location of the cross passa-
ge in this specific case.

The net cross-sectional area of the tunnel in the area of the inter-
mediate deck is reduced by nearly 25%, which is not optimal in
a case of smoke spreading through the tunnel during a fire. The

s velmi plochou horni klenbou se nejevi jako
vyhodné z hlediska statického ptsobeni.

Mezi podzemnim vzduchotechnickym
objektem a tunelovou propojkou ¢. 5 zbyval
velmi tenky horninovy pilif, ktery v misté
vyklenkl vzduchotechnické chodby dosaho-
val mocnosti jen 1 metr!

- Vzduchotechnicky rozplet byl slozity na
realizaci i na nédslednou ddrzbu pfi provozo-

vani tunelu. Detaily napojeni jednotlivych
podzemnich prostor byly velmi ndrocné na
provadéni a mohly byt zdrojem vad. Zejména

pri netésnostech hydroizolaéni félie by vyza-
dovala sanace prusaku pouziti velmi ndklad-
nych a obtizné proveditelnych opatreni.

- Profil tunelu, ktery dosahuje v severni trou-
bé 107 m? a v jizni troubé dokonce 138 m?,
doznal v misté rozpletu dal§tho zvétSeni
vytvofenim vzduchotechnického kandlu nad
profilem obou tunelti. Obr. 2 ukazuje schéma
napojeni podzemniho vzduchotechnického
objektu na tfipruhovy tunel podle zadavaci
dokumentace. ZvétSeni profilu by pri vystav-
bé znamenalo tpravu technologického postu-
pu a pouZiti mnoha atypickych prvku jak

v primédrnim, tak definitivnim osténi.

- NavrZeny princip vétrdni predpokladal

vybudovdni mezistropu v obou tunelovych
troubdch. V tiipruhovém tunelu se jednalo

Obr. 3 Rozsah mezistropu dle zaddvaci dokumentace
Fig. 3 The extent of the intermediate deck according to the tender documentation
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o usek délky 55 m, v dvoupruhovém tunelu dokonce jen o tsek
délky 5 m. PouZiti pri¢ného fezu s mezistropem by vyZzadovalo pfi
betondzi definitivniho osténi konstrukéni tpravu standardnich bed-
nicich vozu a pouziti specidlniho bednéni v pripadé€ vlastni betona-
Ze mezistropu. To by mélo dopad jak do doby vystavby, tak do ceny
provadénych praci, nebot’ specidlni bednéni mezistropu by bylo
pouZzito na velmi kratkém tuseku tunelu. Pldnovany rozsah pouZiti
mezistropu v severni i jizni tunelové troubé ukazuje obr. 3.

- Mezistrop predstavuje kriticky prvek z hlediska pozarni bez-
pec¢nosti, protoZe zajisténi jeho poZarni odolnosti v porovndni
s klenbou osténf{ je podstatné sloZitéjsi. Pfi kolapsu konstrukce zna-
mend ziiceni mezistropu znepruchodnéni dnikové cesty, v tomto
pripadé dokonce v misté tunelové propojky.

- V oblasti mezistropu dochdzi ke zmenseni svétlé plochy tunelu
o téméf 25 %, coZ pri §ifeni koufe v tunelu pfi poZdru neni opti-
malni. SniZeni prijezdné vysky vylucuje prepravu nadmérnych
néklada.

Z vyse uvedenych duvoda pristoupil projektant realizadni doku-
mentace po dohodé se zdstupci zhotovitele i investora
k optimalizaci technického feSenf stavebni Cdsti vzduchotechnické-
ho objektu. Tato optimalizace byla moznd jen za tizké spoluprace
s autorem vzduchotechnického ndvrhu a zpracovatelem realiza¢ni
dokumentace vzduchotechniky tunelu — firmou Satra, a. s.

UPRAVA TECHNICKEHO RESENI PRI ZPRACOVANI
REALIZACNI DOKUMENTACE

Pfi dpraveé technického feSeni vychdzel projektant realizaéni
dokumentace z ndsledujicich poZadavka:

— dprava technického feSeni nesmi byt na tkor funkénosti dila

jako celku;

—uUpravy nesmi vyvolat navySeni investi¢nich a provoznich
nakladu;

— minimalizovat zdsah do horninového masivu a zejména horni-
nového pilife mezi tunely;

— zkrdceni doby vystavby;

— privod, resp. odvod poZzadovanych objemu vzduchu pro obé
tunelové roury bude zaji§tén dostate¢nym profilem vzducho-
technickych cest stanovenym zpracovatelem realizani doku-
mentace vzduchotechniky tuneld (firmou Satra), pfi¢emz
nesmi dojit ke smisenf ,,Cistého* a znecisténého vzduchu;

— zjednoduseni razby a provadéni definitivniho osténi rozpletu
nebude mit negativni vliv na vystavbu hlavnich tunela.

Ke kli¢ovym okamzikam pfi ndvrhu nového technického feSeni
patfilo rozhodnuti o slouceni tunelové propojky €. 5 a vzducho-
technického objektu do jednoho celku. Zpocatku projektant uvazo-
val o provedeni $toly atypickych rozmért mezi obéma tunely, kterd
by svym profilem vyhovovala obéma ucelam. Diky spolupréci

Wil it 3
“} Zachranna cesta Technologie
Rescue route ., ,Fauipment

Propojka ¢. 5
No. 5 cross passage

Obr. 5 Schéma vedeni vzduchu dle nového reseni
Fig. 5 Air distribution system according to the new design

Obr. 4 Umisteni vrtu DN800 mm na dné vzduchotechnické Sachty
Fig. 4 Location of the DN800mm borehole at the ventilation shaft bottom

reduced height clearance makes the passage of vehicles with exces-
sive height loads impossible.

For the above-mentioned reasons, the author of the detailed
design, after discussions with representatives of the client and the
contractor, started to optimise the technical solution of the civils part
of the ventilation station structure. The optimisation was possible
only under the condition of close co-operation with Satra a. s., the
author of the ventilation design and the detailed design for the tun-
nel ventilation.

MODIFICATION OF THE TECHNICAL SOLUTION DURING THE
WORK ON THE DETAILED DESICN

The designer for detailed design, when modifying the technical
solution, started from the following requirements:

- The changes in the technical solution must not be carried out on

behalf of the overall works functioning;

- The changes must not result in increased capital expenses or
operating costs;

- The intervention to the rock mass must be minimised, above all
as far as the intermediate pillar between the tubes is concerned;

- The construction time must be cut;

- The supply or extraction of the required volumes of air will be
ensured for both tunnel tubes through a sufficient area of the
ventilation routes, which will be determined by calculations car-
ried out by the author of the detailed design for the tunnel ven-
tilation (Satra a. s.); the fresh air and polluted air must not get
mixed together;

- The simplification of the excavation must not negatively affect
the construction of both main tunnels.

One of the moments crucial for the new technical solution design
was the decision to join No. 5 cross passage with the ventilation sta-
tion to form one unit. In the beginning, the designer considered con-
structing a gallery with atypical dimensions between both tunnels,
the profile of which would be convenient for both purposes.
However, thanks to the co-operation with the designer for ventilati-
on, they succeeded in using a standard profile of the cross passage,
identical with the profiles of all other escape routes in the tunnel,
and use its height by inserting the intermediate deck, over which
polluted air sucked from both tunnels will flow. This solution gave
rise to a multi-functional underground structure serving as an esca-
pe route, a space for switchboards and a fundamental element of the
ventilation of both tunnels in a case of increased concentration of
pollutants in the tunnel atmosphere. The new design replaces the
intermediate decks in the tunnels by a ventilation by-pass adit
through which fresh air is supplied to the ascending triple-lane tun-
nel. No. 5 cross passage will house, in addition, the connection of
both branches of the hydrant main with an over 3m deep shaft hou-
sing pressure control valves.

In this case, the location of the underground structure is bound, in
addition, to the above ground structure of the ventilation station,
which is confirmed in the land-use plan and the location of which is
limited by the plan area of permanent works. A large-diameter, DN
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Obr. 6 Varianty podzemniho rozpletu na 3D modelu
Fig. 6 Variants of the underground junction node in a 3D model

s feSitelem vzduchotechniky se v8ak podarilo pouZit standardni pro-
fil tunelové propojky jako u vSech ostatnich tnikovych cest v tunelu
a vyuzit jeji vySku vloZenim mezistropu, nad kterym bude uskutec-
néno odsavéni zne¢i§téného vzduchu z obou tuneld. Vznikl tak mul-
tifunkéni podzemni objekt, ktery slouzi jako dnikova cesta, prostor
pro rozvadéde i zdsadni prvek odvétrani obou tunell v piipadé zvy-
Seni koncentrace skodlivin v ovzdusi. Mezistropy v tunelech nahra-
zuje v novém ndvrhu obchozi vzduchotechnicka §tola, kterd privadi
Cisty vzduch do stoupajiciho tripruhového tunelu. V propojce €. 5 je
navic umisténo propojeni obou vétvi pozdrniho vodovodu s Sachtou
redukénich ventild hlubokou pres 3 m.

Umisténi podzemniho objektu je v tomto pripadé védzdno i na
povrchovy objekt vzduchotechniky, ktery je zakotven v dzemnim
plénu a jehoZ poloha je omezena zdborem pozemku. Pfi razbé pru-
zkumné geotechnické $toly byl v téchto mistech proveden velko-
primérovy vrt DN 800 mm, ktery slouzil k jejimu odvétrani.
Poloha vzduchotechnického vrtu méla puvodné odpovidat poloze
pldanované vzduchotechnické Sachty s vyuzitim vrtu pti hloubeni
Sachty pro shoz rubaniny do drovné tuneld. Pfed zahdjenim pro-
jek&nich praci proto do$lo k zaméreni skute¢né polohy vrtu a na
zdkladé novych informaci bylo zji§téno, Ze vrt byl situovdn asi 3 m
od polohy predpoklddané projektem. Bez posunu vzduchotechnic-
ké Sachty by vrt prochdzel primdrnim osténim zajistujicim stabilitu
vyrubu pfi jejim hloubeni. V rdmci zdboru pozemkua doslo proto
k mirnému posunu celého nadzemniho objektu tak, aby poloha sta-
vajiciho vrtu a jeho vzddlenost od osténi Sachty umoznovala préci
mechanisma pouzitych pfi hloubeni. Obr. 4 ukazuje dno Sachty
a pobliz lezného oddé€leni se nachdzi zminovany vzduchotechnicky
vrt DN 800 mm. Pidorysné rozméry nadzemniho vzduchotechnic-
kého objektu zustaly zachovény.

Presné napojeni vzduchotechnické Sachty (s vazbou na povrch)
a §tol v podzemi bylo ddle vdzdno na bloky betondZe definitivniho
osténi tunelu. Pfi razbé tunelt v misté propojky &. 5 nebyla diky
novému ndvrhu nutnd zdsadni uprava technologického postupu
razeb, pouze dodrzeni délky zdbéru max. 1,5 m a provedeni systé-
mového kotveni pro navrZzenou technologickou tridu vyrubu
v misté propojek.

Obchozi vzduchotechnicka §tola délky 29 m o plo3e vyrubu 18 m?
vychédzi ze vzduchotechnické Sachty a zatstuje do tfipruhového
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800mm borehole was carried out while excavating a geotechnical
exploration gallery, designed to ventilate it. The location of the venti-
lation borehole was originally expected to coincide with the location
of the planned ventilation shaft. It was to be used during the course of
the shaft sinking for dropping the muck down to the tunnel level. The
actual location of the borehole was therefore surveyed before com-
mencing the work on the design. It was found on the basis of new
information that the borehole was located at a distance of about 3m
from the location assumed in the design. If the ventilation shaft had
not been shifted, the borehole would have run through the primary
lining supporting the excavation during the shaft sinking operations.
The entire above ground structure was therefore slightly shifted, wit-
hin the plan area of permanent works, so that the location of the exis-
ting borehole and its distance from the shaft lining allowed the shaft
sinking equipment to work. Figure 4 shows the shaft bottom; the
above-mentioned DN 800mm ventilation borehole is found in the
vicinity of the ladder compartment. Ground plan dimensions of the
above ground part of the ventilation structure remained unchanged.

The exact connection of the ventilation shaft (with a relation to
the surface layout) and adits in the underground was further bound
to the casting blocks of the tunnel lining. Owing to the new design,
no substantial changes in the technological procedure for the exca-
vation were necessary when driving in the location of cross passage
No. 5. It was only necessary to maintain the maximum round length
of 1.5m and install an anchoring system specified for the excavati-
on support class determined for the location in which the cross pas-
sages were designed.

The 29m long ventilation by-pass adit with the excavated cross-
sectional area of 18 m? starts from the ventilation shaft and conne-
cts to the triple-lane (southern) tunnel. The cross-sectional area of
the adit had to be increased to 26m? in the location of the adit con-
nection to the tunnel to allow the installation of a ventilation dam-
per with actuators. The end of the by-pass adit connecting to the
triple-lane tunnel was designed to be at a distance of 23m from the
suction outlets so that sucking of fresh air back to the exhaust part
of the structure was prevented. The joining of No. 5 tunnel cross
passage with the underground junction node complies with the con-
ditions for maximum allowable intervals between cross passages sti-
pulated by an European standard. The cross passage, which was
designed in the standard way only for escape of people, serves also
ventilation purposes after the changes. Owing to the addition of the
intermediate deck to the cross passage, a space originated suitable
for the extraction of polluted air from both tunnels (see Fig. 5). The
space underneath the intermediate roof in the cross passage serves
as an escape route for people and for the installation of the tunnel
equipment.

Finding all spatial relationships, both in terms of construction
work and operation, required a 3D model to be developed. In the
beginning, the by-pass adit was planned to be connected to the cross
passage at the same level. After thoroughly assessing all positives
and negatives, the designer decided to change the location of the by-
pass ventilation adit connection, shifting it to join the ventilation
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Obr. 7 BetondZ mezistropu v propojce ¢. 5
Fig. 7 Casting of the intermediate deck in No. 5 cross passage



shaft above the cross passage
crown. Among the positives of
the proposed solution, we can
name better possibility of drai-
ning the ventilation adit, higher
rigidity of the shaft — adit -
cross passage intersection, as
well as a higher degree of utili-
ty of equipment spaces in the
cross passage. The variants of
the technical solutions which
were examined, i.e. solutions
containing the connection of the

Obr. 8 Napojeni obchozi $toly na jiZni tunel — rozvinuty rez
Fig. 8 Connection of the by-pass adit to the southern tunnel

jizniho tunelu. V misté napojeni §toly na tunel musela byt Stola roz-
§ffena na plochu 26 m? z diivodu osazeni vzduchotechnické klapky
a jejiho ovladani. Vyidsténi obchozi $toly do tfipruhového tunelu
navrhl projektant ve vzddlenosti 23 m od nasdvacich otvora, aby
nedochazelo ke zpétnému nasdvani Cerstvého vzduchu do vyfuko-
vé Casti objektu. Slouceni tunelové propojky ¢. 5 s podzemnim roz-
pletem vyhovuje podminkdm maximélné pfipustné vzdélenosti pro-
pojek podle evropského standardu. Propojka standardné navrzend
jen pro tnik osob po dprave slouZi i vzduchotechnickym d&elam.
Pfiddnim mezistropu do propojky vznikl prostor pro odsdvani zne-
¢isténého vzduchu z obou tunelt — viz obr. 5. Prostor pod mezi-
stropem propojky slouZ{ pro tnik osob i pro umisténi technologic-
kého vybaveni tunelu.

Nalezeni vSech prostorovych souvislosti jak po strance stavebni,
tak provozni si vyzddalo vytvoreni 3D modelu. Zpocétku se uvazo-
valo se zadsténim obchozi $toly do propojky na stejné vyskové
trovni. Po dikladném zhodnoceni vSech kladu a zéporu rozhodl
projektant o zméné polohy zadsténi obchozi vzduchotechnické
Stoly do vétraci Sachty nad drovni klenby propojky. K pozitivim
navrzeného feSenf patfi lep§i moZnost odvodnéni vzduchotechnické
Stoly, vetsi tuhost praniku Sachty, Stoly a propojky i lepsi vyuZitel-
nost technologickych prostor v propojce. Zkoumané varianty tech-
nického feSeni se zatsténim obchozi vzduchotechnické $toly na
droven dna propojky a nad vrchol klenby propojky ukazuje obr. 6.

Vzhledem k tomu, Ze Sachta dsti pfimo do klenby tunelové pro-
pojky a jeji osténi prendsi ¢dst zatizeni ze Sachty, navrhl projektant
v misté pruniku Sachty v propojce spodni klenbu, ktera 1épe piena-
§i zatizeni do podlozi. Dal§im opatfenim k omezen{ prenosu zatiZe-
ni ze vzduchotechnické Sachty do osténi propojky predstavovalo
zazubeni osténi Sachty vyztuZenym limcem vysky 1,4 m situova-
nym cca 3 m nad zadsténim obchozi §toly do vzduchotechnické
Sachty.

Novy ndvrh bylo nutné konzultovat se zpracovatelem poZarné-
bezpecnostniho feseni stavby, Fakultou bezpe¢nostniho inZenyrstvi
VSB Ostrava, nebot se jednalo o zdsadni zdsah do ptivodné navr-
hovanych konstrukei i celkové koncepce podzemniho rozpletu.
Vzhledem k tomu, Ze cely vzduchotechnicky objekt neni zalenén
do pozarniho rezimu vétrani tunelu, jednalo se o posouzeni, zda pri
pozéaru v jedné tunelové troubé nemuze dojit k ohrozeni bezpeé-
nosti v druhé tunelové troubé, kterd v takovém pripadé slouzi jako
bezpend dnikové cesta. Nejveétsi problém predstavovalo ziskdni
certifikdtu pozdrni odolnosti vzduchotechnickych klapek oddéluji-
cich vzduchotechnicky kandl nad mezistropem tunelové propojky
&. 5 od obou tuneli. Pokud by nedoSlo prokazatelné k zajistén{
pozadované pozirni odolnosti klapky, mohl by se poZzidr z jedné
tunelové trouby rozs§itit i do druhé tunelové trouby, coZ je z pohledu
pozarné-bezpecnostniho feSeni neakceptovatelné. Na toto téma
probéhla fada diskusi a jedndni. Vzhledem k tomu, Ze jednani jiz
ohrozZovala plynulou realizaci stavby, zhotovitel dila prohlasil, Ze
pozadovany certifikdt pfed uvedenim dila do zkuSebniho provozu
dolozi.

VYHODY NOVE NAVRZENEHO TECHNICKEHO RESENI

Novym ndvrhem technického feSeni vzduchotechnického roz-
pletu s redukci na Sachtu, multifunkéni tunelovou propojku
a obchozi vzduchotechnickou §tolu dos§lo k vyraznému zjednoduse-
ni dila. Nadzemni &dst objektu zustala po stavebni strance beze

ventilation adit at the cross pas-
sage bottom or above the cross passage crown, are shown on Fig. 6.

Taking into consideration the fact that the shaft is directly conne-
cted to the cross passage vault and its lining carries part of the loa-
ding exerted by the shaft, the designer proposed an inverted arch for
the location at the intersection with the shaft, which better transfers
loads to the sub-base. Another measure designed to limit the transfer
of loads from the ventilation shaft to the cross passage lining com-
prised a shear key formed by a 1.4m high reinforced collar on the
ventilation shaft lining, located about 3m above the connection of
the by-pass adit to the ventilation shaft.

The new design had to be consulted with the author of the fire
safety design (the Faculty of Safety Engineering of the Technical
University of Ostrava) because it was a crucial intervention into the
originally designed structures and the general concept of the underg-
round junction node. Since the entire ventilation station is not incor-
porated into the fire ventilation regime of the tunnel, the task was to
assess whether a fire in one tunnel tube could jeopardise the safety
in the other tunnel tube, which serves as an escape route in such
a case. The biggest problem was the necessity to obtain fire resi-
stance certification for the fire ventilation dampers separating the
ventilation duct above the intermediate deck of No. 5 cross passage
from both tunnels. If the required fire resistance of the dampers had
not been provably met, a fire could have spread from one tunnel
tube even to the other tube, which would have been absolutely una-
cceptable in terms of the fire design. This issue was a topic of many
discussions and negotiations. Taking into consideration the fact that
the negotiations threatened the fluent construction works, the con-
tractor stated that it would submit the required certificate before the
tunnel is opened to traffic.

ADVANTAGES OF THE NEWLY DESIGNED TECHNICAL SOLUTION

The structure was significantly simplified owing to the new
desig for the technical solution to the ventilation junction node with
connections to the shaft, the multi-functional tunnel cross passage

Obr. 9 PrordzZka Sachty do pristupové §toly
Fig. 9 Shaft breakthrough into the access adit




Obr. 10 Hydroizolace v misté podzemniho rozpletu
Fig. 10 Waterproofing in the underground node location

zmén. Pro podzemni vzduchotechnicky objekt byla vyuZi-
ta tunelové propojka €. 5, ¢imZ doslo k vypusténi celého pivodni-
ho komplexu kandli a S$tol nad a mezi tunely. Tvar propojky
i dimenze jejiho osténi jsou shodné s ostatnimi propojkami stavby
513. Standardni osténi propojky doznalo zmén pouze vloZenim
mezistropu a prunikem se vzduchotechnickou Sachtou. BetondZ
mezistropu v multifunkéni propojce ukazuje obr. 7. Zhotovitel
mohl pfi vystavbé tuneld postupovat stejnym technologickym
postupem, pouze v piipadé napojeni obchozi vzduchotechnické
Stoly na tifpruhovy tunel bylo nutné zajistit specidlni kréek bedné-
ni v pruniku obou dél. Napojeni definitivntho osténi obou tunelu
v misté propojky €. 5 bylo stejné jako v pripadé vSech ostatnich
prinikd tuneld s propojkami. Konstrukce mezistropu propojky
a napojeni na Sachtu byly provddény dodateéné po vybetonovani
definitivniho osténi tunelu. Obr. 8 ukazuje rozvinuty podélny fez
obchozi vzduchotechnickou $tolou a schéma proudéni Cistého
i znecisténého vzduchu.

REALIZACE SACHTY A PODZEMNIHO ROZPLETU

Pri provadéni geotechnického prizkumu pro tunely byla v kaloté
tifpruhového tunelu vyraZena v celé jeho délce pruzkumnd $tola.
V misté vzduchotechnické Sachty Nouzov byl proveden jiz zmino-
vany vzduchotechnicky vrt pruméru 800 mm a pfistupovd $tola
vedend z pruzkumné $toly k jeho paté, ktera byla situovéna tak, Ze
Caste¢né zasahovala do profilu tunelové propojky, ¢dsteéné do hor-
ninového masivu mimo propojku. Stavajici vzduchotechnicky vrt
byl vyuzit pti hloubeni Sachty pro shazovéni rubaniny do podzemi,
odkud byl tento materidl vyvdZen jiznim tunelem na deponii. Sach-
ta o pruméru 7,9 m a hloubky 43 m byla provadéna z povrchu se
zajisténim stability vyrubu primdrnim osténim ze stiikaného beto-
nu tl. 200 mm se sitémi KARI a vyztuZnymi ocelovymi rdmy.
Horninovy masiv vyztuZovaly kratké kotvy délky 2 m, instalované
po obvodé Sachty. Hloubeni Sachty probihalo podle standardniho
technologického postupu bez komplikaci, horninovy masiv vyka-
zoval dobrou stabilitu a pritoky vody svéd¢ily o minimdlnim zvod-
néni horninového masivu. V okamziku, kdy dno Sachty dosdhlo
stropu piistupové $toly spojujici pruzkumnou $tolu a vzduchotech-
nicky vrt, muselo dojit k pferuseni hloubeni, vyplnéni tohoto pro-
storu hubenym betonem a nésledné k prezméhéni do tvaru profilu
tunelové propojky €. 5. Prordzku Sachty do pristupové Stoly vedou-
ci k paté vzduchotechnického vrtu ukazuje obr. 9 (foto D2 Consult
Prague).

Po vyraZeni tunelové propojky ¢. 5, napojeni na vzduchotech-
nickou Sachtu a po vyrazeni obchozi vzduchotechnické stoly mohla
zalit instalace mezilehlé foliové izolace tl. 2,5 mm se signdlni vrst-
vou. K nejnaro¢ndjsim tsekum na tunelech SOKP 513 z hlediska
provadéni izolaci bezesporu patii pravé podzemni vzduchotechnic-
ky rozplet, a to i pres veskera zjednoduseni, kterych se v prabéhu
zpracovdni realizaéni dokumentace podafilo dosdhnout. Systém
zajisténi vodonepropustnosti osténi vychézel z destnikového typu
s tim, Ze se na bocich obchozi vzduchotechnické Stoly nenachdzeji
bo¢ni drendze, ale pouze nopova félie. Diky podélnému sklonu
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Obr. 11 Standardni vyztuZeni definitivaiho osténi Sachty — sit¢ KARI
Fig. 11 Standard reinforcement of the final shaft lining — KARI mesh

and the by-pass ventilation adit. From the structural point of view,
the above ground part of the structure remained unchanged. No. 5
cross passage was used for the underground ventilation structure,
therefore the whole original complex of ducts and adits above and
between the tunnels was left out. The cross passage geometry and
dimensions of the cross passage lining are identical with the other
cross passages in construction lot 513. The standard lining of the
cross passage underwent changes consisting only of the insertion of
the intermediate deck and the intersection with the ventilation
shaft. Figure 7 shows the casting of the intermediate deck in the
multi-functional cross passage. The tunnelling contractor was able
to use the same technological procedure during the course of the
construction, with the exception of the by-pass ventilation adit con-
nection to the triple-lane tunnel, where a special formwork collar
had to be installed at the intersection between both workings. The
connection of the final lining of both tunnels in the location of No.
5 cross passage was the same as the connections of the tunnels in
the cases of all other cross passages. The intermediate deck struc-
ture and the connection to the shaft were carried out subsequently,
after the casting of the final tunnel lining. Figure 8 presents the
unwrapped longitudinal section through the ventilation by-pass adit
and a chart of the fresh and polluted air flows.

CONSTRUCTION OF THE SHAFT AND UNDERGROUND
JUNCTION NODE

A geotechnical gallery was driven throughout the tunnel length,
following the trace of the future triple-lane tunnel top heading. The
above-mentioned 800mm-diameter ventilation borehole was carried
out in the location of the Nouzov ventilation shaft, with an access
adit leading from the exploratory gallery to the bottom of the bore-
hole, which was located partially within the profile of the cross pas-
sage and partially in the rock mass outside the cross passage. The
existing ventilation borehole was used during the shaft sinking work
for dropping the muck down to the underground, where it was loa-
ded and transported through the southern tunnel to a stockpile. The
shaft, 7.9m in diameter and 43m deep, was sunk from the surface,
with the excavation support provided by a 200mm thick primary
lining consisting of shotcrete, KARI mesh and lattice girders. The
rock mass was reinforced by short, 2m long anchors installed around
the shaft circumference. The shaft sinking operations proceeded in
accordance with a standard excavation technique, without compli-
cations; the rock mass was relatively stable and water inflows gave
evidence of the minimum saturation of the rock mass with water. At
the moment when the shaft bottom touched the roof of the access
adit connecting the exploratory gallery and the ventilation borehole,
the shaft sinking had to be suspended. The space had to be backfil-
led with lean concrete and, subsequently, the space had to be re-
excavated to correspond to the profile of cross passage No. 5. The
shaft breakthrough into the access adit leading to the bottom of the
ventilation borehole is shown in Fig. 9 (Photo courtesy D2 Consult
Prague).

After completing the excavation of cross passage No. 5, con-
necting it to the ventilation shaft and excavating the ventilation -
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Obr. 12 VyztuZeni prutovou vyztuZi v misté pruniku Sachty a propojky &. 5
Fig. 12 Reinforcement at the shaft intersection with the cross passage No. 5
using reinforcing bars

obchozi §toly 10 % a umisténi mezi obéma tunely sta¢i nopova
folie bez problému svadét podzemni vodu z boku Stoly k bo&nim
drendzim tiipruhového jizniho tunelu.

Zatimco standardni délka bloku betondZe propojky dosahuje
pouze 5 m, v mist€ pruniku se vzduchotechnickou $achtou se délka
bloku betondZe prodlouZila na 10 m. V misté praniku propojky
a Sachty musel proto zhotovitel nasadit specidlni bednéni, umoznu-
jici betondz bloku délky 10 m se spodni klenbou. Provadén{ prani-
ku bylo ndro¢né jak z hlediska izolatérskych praci, tak vlastni beto-
ndze. Pohled do vzduchotechnické Sachty s napojenim obchozi
Stoly ve fézi provadéni hydroizolaci ukazuje obr. 10.

Pracovni spdry rozpletu byly umistény nad horni klenbu propojky
a cca 1 m za kr¢kem obchozi vzduchotechnické Stoly. Po vybetono-
van{ pruniku jiZz probihala betondZ osténi Sachty po blocich délky
4 m a tloustce osténi 300 mm. Posun bednéni po betondzi
a odbednéni zajiStoval jerdb umistény nad ohlubni Sachty. Vyztuz
definitivniho ostén{ Sachty byla upravena tak, aby na vylamovaci
trny mohla byt stykovdna vyztuz stiedni délici stény betonované
s Casovym odstupem za betondZ{ osténi Sachty. Standardni vyztuz
definitivniho osténi Sachty tvorily sit¢ KARI u obou povrchu ostén{
(obr. 11 foto Ekostav), pouze v misté prunika Sachty s propojkou
a obchozi §tolou byla pouZita prutovd vyztuz (obr. 12). Délici sténa
rozdeluje profil vzduchotechnické Sachty na &dst privadéjici Cerstvy
vzduch do tunell a na st odvadéjici znedistény vzduch z tunelt.

Stejnym zpusobem, jako v pripad€ napojeni stfedni stény a osténi
Sachty, byla pomoci vylamovacich trna stykovdna vyztuz dodate¢-
né betonovaného mezistropu a osténi v tunelové propojce ¢. 5.
Z hlediska vyroby patfila k ndro¢nym dkolum i pfiprava bednéni
obchozi vzduchotechnické §toly. Trasa podkovovitého profilu Stoly
lezela ve smérovém i vySkovém oblouku, coz kladlo pri vyrobé,
montdZi i osazovéni bednéni zvySené ndroky na provadéni.

Vzduchotechnickd Sachta slouZi i pro veden{ kabell spojujicich
nadzemni vzduchotechnicky objekt s tunely. Vzhledem k nejasnym
majetkovym vztahim bylo dlouhou dobu obtizné rozhodnout
o zpusobu napdjeni nadzemniho vzduchotechnického objektu.
Projektant proto vychézel z pivodniho ndvrhu napdjeni nadzemniho
objektu z tuneld. Na sténu vzduchotechnické Sachty proto byly
instalovdny kabelové roSty. Pro revizi Sachty slouZi ocelové lezné
oddéleni, vyrobené vzhledem k ocekdvané agresivité ovzdusi
z nerezové oceli. Pohled do ¢asti vzduchotechnické Sachty s leznym
oddélenim uréené pro privod Cistého vzduchu ukazuje obr. 13.

NADZEMNI VZDUCHOTECHNICKY OBJEKT

Nad vzduchotechnickou Sachtou se nachdzi nadzemni objekt,
ktery tvofi monolitickd, Zelezobetonova konstrukce o pudorysnych
rozmérech 31 m x 22 m s vydechovym kominem vysky 20 m, zalo-
Zend na subtilni zdkladové desce tloustky 300 mm. Stejné jako pod-
zemni prostory i nadzemni objekt miZeme z hlediska vzduchotech-
niky rozdélit na ¢ast nasdvaci a vydechovou. Nasdvani Cerstvého
vzduchu probihé pres mohutnou Zaluzii rozmért 4 m x 4 m, svétly
pudorysny rozmér vydechového kominu dosahuje 5 m x 5.4 m. Pro
sani je navrZzen jeden ventildtor, vydechovy ventildtor je zdvojeny,

by-pass adit, it was possible to commence the installation of an
intermediate waterproofing system consisting of a 2.5mm thick
membrane with a signal layer. One of the sections of the tunnels in
construction lot 513 of the Prague City Ring Road most demanding
in terms of the waterproofing installation is, undoubtedly, the
above-mentioned underground ventilation junction node, despite
all the simplifications which were achieved during the course of the
work on the detailed design. An umbrella type system securing the
waterproof lining was applied, with a dimpled sheet membrane
along the sides of the ventilation by-pass adit instead of drains.
Owing to the 10% longitudinal incline of the by-pass adit and its
location between both tunnels, the dimpled membrane is without
problems capable of diverting ground water from the adit sides to
side drains of the triple-lane (southern) tunnel. While the standard
length of a casting block of a cross passage reaches only 5m, it was
extended to 10m in the location of the intersection between the adit
and the ventilation shaft. For that reason the contractor had to use
special formwork in this location, which allowed the casting of
a 10m long block with an invert. The work on the intersection was
difficult in terms of both the installation of the waterproofing and
the casting itself. Figure 10 presents a view down the ventilation
shaft, with the by-pass adit connecting to it, in the phase of the
waterproofing installation.

Construction joints of the junction node were located above the
upper vault of the cross passage, about 1m behind the collar of the
ventilation by-pass adit. When the casting of the intersection had
been completed, the casting of the 300mm thick shaft lining conti-
nued in 4m long blocks. The formwork after stripping was moved by
means of a crane installed above the pit bank. The reinforcement of
the shaft final lining was installed in a way allowing the reinforcing
bars for the central dividing wall, which was cast with a delay after
the casting of the shaft lining, to be spliced with break-off starter
bars. The standard reinforcement of the final shaft lining consisted
of two layers of KARI mesh installed at both surfaces of the lining
(see Fig. 11 — Photo courtesy Ekostav); reinforcing bars were used
only at the shaft intersection with the cross passage and the by-pass
adit (see Fig. 12). The cross-section of the ventilation shaft is divi-
ded by a dividing wall into a part supplying fresh air to tunnels and
a part sucking polluted air from the tunnels.

The same method as in the case of connecting the central wall and
the shaft lining, using break-off starter bars, was applied to the spli-
cing of rebars of the additionally cast intermediate deck and the
lining in cross passage No. 5. In terms of the assembly, the prepara-
tion of the formwork for the ventilation by-pass adit lining belonged
among difficult tasks. The alignment of the horseshoe shaped profi-
le adit was curved both horizontally and vertically, which put heavy
demands on workmanship during the course of the production,
assembly and installation of the formwork.

The ventilation shaft also serves to housing of cables connecting
the above ground ventilation structure with the tunnels. Because of
unclear property relationships, it was difficult for a long time
to decide on the system of supplying power to the above ground ven-
tilation structure. The designer therefore started from the original

Obr. 13 Lezné oddeleni ve vzduchotechnické Sachté v édsti pro privod vzduchu
Fig. 13 Ladder compartment in the ventilation shaft — the air supply part




Obr. 14 Nadzemni cdst vzduchotechnického objektu
Fig. 14 Above ground part of the ventilation structure

pri¢emz jeden ventildtor slouZi jako zdlozni. Nad kazdym ventilato-
rem se nachdzi jefdbovad drdha ur€end pro jeho zavaZeni, montdz
a demontdZz pri pripadné vyméné. Napojeni na vzduchotechnickou
Sachtu je provedeno v prvnim podzemnim podlaZi. Zatésnéni prosto-
ru vykopu po obvodu objektu je provedeno popilkocementem, aby
nedochdzelo k dotaci puklin v horninovém masivu v okoli Sachty
z prostoru zasypané stavebni jdmy objektu. Bezobsluzny objekt se
nachédzi na samot¢ u lesa a tomu odpovidd jeho strohé provedeni.
Vzhledem k moZnym a odekdvanym projevim vandalismu nemd
objekt kromé nasdvacich Zaluzii a dvefi v obvodovych sténdch zddné
dal3i otvory. Pivodné navrZena zelend stfecha je nahrazena plochou
stfechou bez zelené, a to zejména s ohledem na ddrzbu.

ZAVER

Proces schvalovdni zmén béhem vystavby v trovni realizaéni
dokumentace je zdlouhavy a ndro¢ny na ¢as i argumentaci pfi pro-
jedndvéani s objednatelem. Po dosazeni cile a dspeé$né realizaci je
mozno konstatovat, Ze vysledek stoji za vynaloZenou ndmahu
a navrzené technické feseni je ku prospéchu investora i zhotovitele.

Investorem stavby SOKP 513 je RSD CR, autorsky dozor prova-
di firma Pragoprojekt. Vzduchotechnicky objekt Nouzov pro firmu
SKANSKA BS subdodédvkou realizuji firmy Subterra a Ekostav,
realizaéni dokumentaci stavebni ¢dsti tunelovych objektu zpraco-
vava firma IKP Consulting Engineers. Zpracovatelem realiza¢ni
dokumentace vzduchotechniky je firma SATRA. Autorem poZdrné-
bezpe&nostniho feSeni stavby je VSB TU Ostrava, Fakulta bezpeg-
nostniho inZenyrstvi.

Diky pozitivnimu pfistupu zédstupct investora, autorského dozo-
ru, zhotovitele realizadni dokumentace stavby a v neposledni radé
projektanta vzduchotechniky bylo mozZné provést optimalizaci
vzduchotechnického uzlu, kterd umoznila zvysit bezpecnost prova-
déni, sniZit investi¢ni ndklady, minimalizovat riziko vzniku vad
béhem vystavby a zkrdtit dobu vystavby objektu. Neodisku-
tovatelné je i zjednoduSeni udrzby objektu po celou dobu provozo-
véani tunelu. Pozitivni dopad navrZzenych tprav je zfejmy porovna-
nim pavodniho a realizovaného technického feseni.
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design for the power supply for the above ground structure, from
the tunnels. For that reason, cable racks were installed on a wall of
the ventilation shaft. Inspections of the shaft will be carried out
using a steel ladder compartment, which was produced in stainless
steel with respect to the anticipated corrosivity of the atmosphere.
Figure 13 presents a view down the ventilation shaft with the lad-
der compartment, which is designed for supplying fresh air.

ABOVE GROUND VENTILATION STATION STRUCTURE

Above the ventilation shaft, there is an above ground, cast-in-situ
reinforced concrete structure with plan dimensions of 31 x 22m, with
a 20m high exhaust stack. It is founded on a thin, 300mm thick slab
foundation. The same as the underground spaces, the above ground
structure can also be divided from the ventilation aspect into a fresh-
air-drawing part and an exhaust part. Fresh air is drawn in via a large
damper with dimensions of 4x4m; the net plan dimensions of the
exhaust stack reach 2m x 5.4m. One fan is designed for drawing air
in; two exhaust fans are designed, with one of them serving as
a stand-by. Crane rails are above each fan, designed for its installati-
on or dismantling in a case of a necessity of replacing it. The conne-
ction to the ventilation shaft is carried out on the first underground
level. Cinder cement is used for sealing of the excavated space on the
circumference of the structure to prevent water from flowing from
the space of the backfilled construction trench to fissures in the rock
mass in the surroundings of the shaft. The unmanned structure is
found in an isolated location, at the edge of the woods. For that rea-
son its design is quite austere. Taking into consideration possible and
anticipated manifestations of vandalism, there will be no openings
there apart from suction dampers and doors in external walls. The
originally designed green roof is replaced by a flat roof without gre-
enery, mainly with respect to the maintenance purposes.

CONCLUSION

The process of approving changes in the detailed design during
the course of construction has been slow-paced, demanding in terms
of the time and argumentation required for discussions with the cli-
ent. When the aim has been achieved and the construction is
successfully completed, it is possible to state that the result is worth
the effort put in the process and the technical solution designed is
beneficial for both the client and contractor.

The client for construction lot 513 of the Prague City Ring Road
is the Road and Motorway Directorate of the Czech Republic; aut-
hor’s supervision is carried out by Pragoprojekt, a.s. The Nouzov
ventilation station is being constructed by Subterra a.s. and Ekostav
a.s., subcontractors for SKANSKA BS; the detailed civil design for
the tunnel structures is being performed by IKP Consulting
Engineers, s.r.o. SATRA a.s. is the author of the detailed design for
ventilation. The fire safety design was carried out by the Faculty of
Safety Engineering of the Technical University of Ostrava.

Thanks to the positive attitude of representatives of the client, aut-
hor’s supervision, the author of the detailed design and, at last but
not least, the designer for the ventilation system, it was possible to
optimise the ventilation node. The optimisation made it possible to
improve safety of the construction works, cut the capital cost, mini-
mise the risk of defects originating during the course of the con-
struction and reduce the construction time. The simplification of the
maintenance of the station throughout the period of its operation is
another undisputed fact. The positive effect of the design changes
becomes obvious if we compare the original solution and the tech-
nical solution being implemented.

ING. RADAN BOHMAN, rbohman@subterra.cz,
SUBTERRA, a. s.,

ING. LIBOR MARIK , libor.marik@ikpce.com,

ING. VLADIMIR PRAJZLER, viadimir.prajzler@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

[1] Reditelstvi silnic a ddlnic CR.: SOKP Stavba 513 Vestec — Lahovice, Tunel Komorany, zaddvaci dokumentace stavby

[2] Pragoprojekt a. s..: SOKP 513, Zména DSP 06/2007




