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TUNELY DOBROVSKEHO I A II, SILNICE 1/42 VMO BRNO
THE DOBROVSKEHO | AND Il TUNNELS, THE LCRR BRNO, 1/42 ROAD SECTION

VLASTIMIL HORAK

ZAKLADNI UDAJE

Region Jihomoravsky kraj — mésto Brno
Investor Reditelstv{ silnic a ddlnic CR, mésto Brno
Projektant AMBERG Engineering Brno, a. s.
Uzivatel Brnénské komunikace, a. s.

Obdobi vystavby 2006-2012
Objem stavebnich praci
razené objekty 265 574 m’® (vyrubany prostor)
hloubené objekty 84 340 m® (obestavény prostor)

uvob

Severni ¢ést velkého méstského okruhu v Brn¢ (déle jen VMO), kterd je
v soucasnosti pripravovdna k vystavbe, _]C umisténa na tizemf mestskych Ctvr-
ti Krédlovo Pole a Zabovresky Je pro ni pouzivano stru¢né oznaceni VMO
Dobrovského podle ndzvu ulice, v jejiz ose bude komunikace prochdzet.
Hlavnim prvkem této ¢dsti VMO jsou dva tubusy raZenych tuneld. Pred
obéma portdly tunelt na komunikaci VMO navazuji dvé vyznamné radidlni
komunikace ve sméru od Svitav, které jsou pripojené pres mimotiroviiové
kiizovatky.

Tunel I — délka celkem 1 239,87 m. Z toho razend ¢dst dl. 1 05342 m
a hloubené cdsti budované v otevienych pazenych jadmédch dl.
133,66 m v Zabovfeskach a 52,79 m v Kralové Poli.

Tunel II délka celkem 1 261,25 m. Z toho razend cdst dl.
1 059,97 m a hloubené €4sti budované stejnou technologif jako u tunelu I, dI.
14861 mv Zabovreskach a 52,67 m v Kralove Poli.

Na strané Zaboviesk j Je tsek VMO doplnén jesté dvéma galeriemi délky
témér 300 m pro sniZeni hlukové zdtéZe okolnich domu.

SMEROVE A VYSKOVE VEDENI

Z hlediska smérového fesent je tunel I prakticky v pfimé a kopiruje osu
povrchové komunikace — ul. Dobrovského. Tunel II, vedeny paralelné
v odsunut{ jiZné cca o 70 m, je naproti tomu navrzen s n¢kolika protismér-
nymi oblouky. Divodem je snaha vyhnout se negativnim vlivim na proble-
matickou povrchovou zdstavbu — 12 podlazni panelovy dim, budovy
TELECOMU, bazény koupalisté “Dobrak” apod.

Vyskové feseni obou tunelt je podiizeno technologii razby v daném pro-
stredi brnénskych téglu, nutnosti navazani na predportalové dseky v Krdlové
Poli bez kolize s duleZitymi péteinimi kanalizadnimi stokami — zatrubnény

Primarni osténi — oblouky HEB 200, svaiované sité, stiikany beton
Primary lining — HEB 200 arches, mesh, sho}crete
Tlakova izolace (HDPE, PVC)

Pressure waterproohng (HDPE, PVL) |
Vnitrni osténi: Zelezobeton —
Internal lining: =
reinforced
concrete

Plocha vyrubu 125 m* s
Excavated cross section area 125 m_

Odsavani 11,64 m?
Extractiof 11,64 m?

vetly profil 8,5 x 4,5 m (Dopravnl prostor 57 95
e Net profile 8,5 x 4,5 m (Traffic space 57,95 m )
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Vyska vyrubu 11,18 m / Excavation height 11,18 m

Pozarm vodovod DN 150
Hydrant main DN 150

Privod &erstvého viduchu do spojek a elektrovyklenku
Fresh air supply to cross passages and electrical niches L

Kanalizace DN 300
Sewerage DN 300

Sitka vyrubu 13,750 m = Excavation width 13,750 m i

Obr. 1 Vzorovy pFicny Fez
Fig. 1 Typical cross section

BASIC DATA

Region the South Moravian region — the City of Brno
Employer the Directorate of Roads and Highways of the CR
Designer AMBERG Engineering Brno a.s.

User Brnénské komunikace a.s.
Construction period 2006 - 2012
Works volume

mined structures

cut and cover structures

INTRODUCTION

The northern part of the Large City Ring Road (LCRR), which is currently
being prepared for construction, is located in the area of the Krdlovo Pole and
Zabovresky districts. It is briefly named the LCRR Dobrovského, after the street
that the road will pass under, following its centre line. The principal element of this
LCRR part is a twin-tube tunnel. Two major radial roads join the LCRR in front
of both portals in the direction from Svitavy, via grade-separated intersections.

The overall length of the tunnel I is of 1,239.87m. Out of that, the mined
section length amounts to 1,053.42m; the cut-and-cover sections constructed
in open pits in Zaboviesky and Kralovo Pole are 133.66m and 52.79m long
respectively.

The tunnel II is 1,261.25m long. Out of that, the mined section length
amounts to 1,059.97m and the cut-and-cover sections, also constructed in open
pits in Zaboviesky and Kralovo Pole, are 148.61m and 52.67m long respecti-
vely. The LCRR section on the Zabovresky side is further complemented by
two nearly 300m long galleries reducing the noise load on the buildings around.

HORIZONTAL AND VERTICAL ALIGNMENT

The horizontal alignment of the Tunnel I is virtually straight. It copies the
centre line of Dobrovského Street on the surface. In contrast, the Tunnel II,
which is led parallel at a distance of 70m to the south, comprises several
reverse curves. The reason is the effort to avoid negative impacts on proble-
matic surface structures, i.e. a 12-storey panel building, TELECOM buil-
dings, the “Dobrdk™ swimming pools etc.

The design of the vertical alignment of both tunnels is subjected to the
technique of excavation in the given geological conditions of so-called “Brno
tégl” ground, to the necessity for linking to the pre-portal sections in Kralo-
vo Pole without any collision with trunk sewers (the Pondvka I covered
brook, the Ponavka II sewer) and the minimisation of demolition work. From
the tunneller’s and future user’s point of view, the vertical alignment of both
tunnels is improper because there are sags in the lower parts of the tubes.
Water will have to be pumped both during the tunnel excavation and the
operation. The maximum longitudinal gradient amounts to 4.5%.

GEOLOGY

The sequence of strata in the tunnel cross section is relatively very mono-
tonous, i.e. secondary loess and anthropogenic fills up to 3 — 10m thick, local-
ly with layers of saturated gravel to sand terraces. The sub-base of the terra-
ces consists of Neogene clay (“Brno Tégl”) several tens of metres thick (the
bedrock was not found even by boreholes over 60m deep). Groundwater is
bound in gravel sand layers on the upper horizon of the Neogene in the form
of aquifers in local depressions. The consistence of the Neogene clays is stiff,
locally hard. In terms of plasticity, Brno Tégl is highly plastic; in combinati-
on with water it is extremely squeezing.

The overburden depth is approximately the same for both tunnels. It ran-
ges from 6m to a maximum value of about 21m. The alignment is designed
to pass through Negogene clay so that a minimum thickness of 2 - 3m of the
impervious Neogene clay cover is always guaranteed.

The tunnel construction was preceded by geological exploration galleries
driven at a total length of 2,000m within the cross sections of the Tunnels
I'and II to allow detailed geological and geotechnical investigation, including
measurement of deformations and settlement of the surface. The galleries
were driven as parts of the excavation of the tunnels, by the technique which
will be utilised for the big tunnels. The impacts of the gallery excavation were
taken into account in a back analysis, where the overall effects of the tunnel
construction on existing buildings were calculated.

265,574m? (excavated volume)
84.,340m* (walled-in space)
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potok Pondvka I, stoka Pondvka II a minimalizaci demoli¢nich praci.
Z pohledu tuneldiského i budouciho uZivatele je podélny profil obou tunel
velmi nevhodny — v obou tunelech se v dolni ¢ésti vyskytuje tdolnicovy
zakruZovaci oblouk. Pfi razbé i za provozu bude nutno trvale Cerpat odpadni
vody. Maximdln{ podéIny sklon dosahuje 4,5 %.

GEOLOGIE

V profilu tunelt je geologicky sled relativné velmi monotonni — pokryvné
vrstvy sprasovych hlin a antropogennich navdzek mocnosti 3 az 10 m, ve
spodnim horizontu s mistnimi polohami lokalné zvodnélych Stérkovych az
piscitych teras. PodloZi teras je tvoreno neogennimi jily (brnénské tégly)
o velké mocnosti nékolik desitek metra (skalni podloZi nebylo zastiZeno ani
vrty hloubky pres 60 m). Spodni voda je vézana ve §térkopiskovych polohédch
na svrchnim horizontu neogenu ve formé zdrz{ v lokdlnich depresich. Kon-
zistence neogennich jili je tuhd aZ misty pevnd. Z hlediska plasticity jsou
tégly vysoce plastické a ve spojeni s podzemni vodou siln¢ tla¢ivé.

Vyska nadloZi u obou tunelt je priblizné stejnd a pohybuje se v rozmezi
od 6 m do maximdlni hodnoty cca 21 m. Vyskove jsou oba tunely vedeny
v neogennich jilech tak, aby byla vzdy zajiSténa minimdlni nepropustnd
vyska nadloZi neogennich jili nad vyrubem cca 2 a7 3 m.

Vystavbé tunelt predchdzela razba prizkumnych geologickych Stol v pro-
filu tunelu I i IT o celkové délce pres 2000 m, kde byl proveden podrobny
geologicky a geotechnicky pruzkum v&etné méfeni deformaci a poklesu na
povrchu. Stoly byly raZeny jiz jako soucdst razby tuneld — diléi vyruby pro-
vidéné stejnou technologii, jako budou raZeny velké tunely. Uginky razby
Stoly byly zohlednény v rdmci zpétné analyzy pii vypoctech celkovych Géin-
ku stavby tunelu na povrchovou zdstavbu.

TECHNOLOGIE RAZBY

Metoda razby je navrZena se svisle i horizontdlné Clenénou Celbou
(Ulmenstollen), s primdrnim osténim ze stitkaného betonu s ocelovymi
vyztuZnymi prvky.

Poklesovd kotlina se vytvérela dle matematickych modelt relativné velmi
zk4, v zavislosti na mocnosti nadlozi do max. vzdalenosti cca 22 az 25 m od
osy tunelu, s maximalnimi poklesy do cca 110 mm nad osou tunelu.

KONSTRUKCNI RESENIi TUNELOVEHO OSTENI

Pii¢né usporadani tunelt je tifprostorové — dopravni prostor a piistropi roz-
délené na dvé Césti — privod Cistého a odtah zne€isténého vzduchu. Tunelové
osténi je dvoupldstové s mezilehlou uzavienou izolaci. Primdrni osténi je
navrzeno ze stitkaného betonu s ocelovymi vyztuZnymi ramendty (plnostén-
né nebo prihradové), v extrémnich piipadech v dsecich s malym nadlozim
nebo nebezpetim vytvareni nepiipustnych poklesi na povrchu, bude osténi
doplnéno o kryci mikropilotovy destnik v horni éasti klenby. Vzhledem
ke zjisténé agresivité podzemnich vod bude mit primarni osténi temporerni
charakter — hlavni nosnou funkci bude mit osténi sekundérni ze Zelezobetonu.
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EXCAVATION TECHNIQUE

Both the horizontal and vertical sequences (Ulmenstollen) are designed,
with the excavation supported by primary lining consisting of shotcrete and
steel support elements.

A relatively very narrow settlement trough was developed according to
mathematical models, depending on the thickness of the cover up to a distan-
ce of approximately 22 to 25m from the tunnel centre line; maximum settle-
ment values about 110mm above the tunnel centre line.

TUNNEL LINING DESIGN

The cross-section of the tunnel consists of three compartments, i.e. the traf-
fic space and the roof space, which is divided into two parts — for supply of
fresh air and exhaust of polluted air. The tunnel lining is a double-shell struc-
ture with intermediate waterproofing. The primary lining is designed from
sprayed concrete with steel arches (compact or lattice types); a canopy of pre-
support tubes will be installed in extreme cases of sections with a low cover
or sections risky in terms of development of unallowable settlement of the
surface. Considering the information about the groundwater aggression acti-
on, the primary lining will be of a temporary character — the principal load
bearing structure will be the reinforced concrete secondary lining.

TUNNEL CROSS-SECTION - BASIC DATA

Basic width of traffic lanes in the tunnel .................3.50m
Clearance height .............. ... ... . o 4.50m
Net width between kerbs . ............................ 8.50m
Traffic Space . ... ..ot 57.95m?
Air exhaust SPACE ... ..o vvi e 12.0m?
Primary lining 350mm thick . ...................... 11.95m*Im
Secondary lining min. 450mm thick ................ 32.53m%Im
Excavated cross-section of the tunnel .................... 125m?

OPERATIONAL VENTILATION OF THE TUNNEL

A semi-transversal ventilation system is designed. Fresh air will be sucked
into the tunnels via portals on both sides. Polluted air will be exhausted cent-
rally to the space of a tunnel services centre, which is approximately one third
of the tunnel length distant from the end. It will be discharged into the
atmosphere at a height of 25m above the ground surface, at an increased velo-
city, through two 25m high shafts. Both tunnels will have separate ventilati-
on systems, entirely independent, with a possibility of exhausting the smoke
generated during a fire event from any place centrally. The cut-and-cover sec-
tions of the tunnels are equipped with longitudinal reversible jet fans
allowing corrections of the air flow velocity and direction.

SAFETY ASPECTS OF THE STRUCTURE

The tunnel tubes are interconnected by four cross passages; one of the pas-
sages allows escape directly into the open space via a staircase or using an eva-
cuation lift. Emergency laybys 40m long will be provided in both tunnels.

There will be 6 SOS niches installed in each tunnel, in recesses in the right-
hand sidewalls, provided with a standard set of equipment. Hydrant lines will

. Technologické centrum
Technical services centre
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Obr. 2 Podélny profil tunelu
Fig. 2 Longitudinal cross section through the tunnel
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PROFIL TUNELU - ZAKLADNI TECHNICKE UDAJE

Zakladni sitka jizdnich pruhd v tunelu ................. 3,50 m
Svetld podjezdnd vyska .. ... .. 450 m
Svétla §itka mezi obrubniky ......... ... ... ..l 8,50 m
Plocha dopravniho prostoru ................ ... .. ... 5795 m?
Prostor pro odsdvani vzduchu .................. ... ... 120 m?
Primdrni osténi t1. 350 mm . ..................... 11,95 m¥/bm
Sekundérni osténi tl. min. 450 mm ................ 32,53 m*/bm
Vyrubovy profil tunelu . .............. ... ... ... 125 m?

PROVOZNI VETRANI TUNELU

Je navrzeno polopficné odvétrani. Cisty vzduch bude do tunelii prisdvan
portély na obou strandch. Zne€istény vzduch bude odsdvan centrdln¢ do pro-
storu technologického centra cca v 1/3 délky tunelu. Do ovzdusi bude vyfu-
kovén zvy$enou rychlosti dvéma kominy vysky 25 m nad okolnim terénem.
Odvétrani obou tunelti bude samostatné a zcela nezdvislé s moZnosti cent-
rédlntho odsdvani koure pfi poZéru z kteréhokoliv mista. Hloubené ¢ésti tune-
10 jsou doplnény podélnymi proudovymi reverzibilnimi ventildtory pro pri-
padnou korekci rychlosti a sméru proudéni vzduchu.

BEZPECNOSTNI STAVEBNI UPRAVY

Obé tunelové roury jsou propojeny celkem &tyfmi tunelovymi spojkami,
z nichZ jedna umoznuje tnik pifmo do volného prostoru po schodisti nebo
evakua¢nim vytahem. V obou tunelech budou zfizeny nouzové odstavné
zdlivy délky 40 m.

Vpravo ve sméru jizdy budou umistény vyklenky se skifnémi SOS - cel-
kem 6 vyklenku SOS v kazdém tunelu se standardnim vybavenim. V obou
tunelovych rourdch a tinikovych cestdch véetné podzemnich prostor techno-
logického centra bude zfizen poZédrni vodovod se zaokruhovénim a mozZnos-
ti odstavovani jednotlivych okruht v piipadé velkych havarii, doplnény
navic v tunelovych spojkach a tinikovych cestach jesté suchovody.

Kanalizace bude provedena se Sachtami s protipoZarni tipravou (moZny

svN

bude mit 100% rezervu vCetné jistén{ a zdlohovani Cerpadel.

TECHNOLOGICKE VYBAVENI TUNELU

Z hlediska bezpecnosti provozu a osob v tunelu je mozno konstatovat, Ze
technologické vybaveni tunelu odpovidd béZnym standardim, které jsou
rovnéz v jiz provozovanych brnénskych tunelech. V Brn¢ jiz funguje pod
spravou Brnénskych komunikaci, a. s., od roku 1999 centrélni tunelovy dis-
pecink (CTD) s trvalou obsluhou, na ktery budou veskera zafizeni Kralovo-
polskych tuneli napojena.

TECHNOLOGICKE CENTRUM

Pro zvoleny systém odvétrani tunell a ostatni technologickd zafizeni je nutno
vybudovat odpovidajici prostory, zejména pro ventildtory a vydechovy objekt,
a to uprostred relativné velmi husté obytné zdstavby. Podzemni objekt techno-
logického centra bude mit pudorysné rozméry 14x44 m, hloubka Cisté podlahy
tinikové cesty a nejspodnéjsiho podlazi je 25,50 m pod terénem. Celkem bude
mit technologické centrum Sest podzemnich a jedno nadzemni podlazi, dva
kominy s vyskou 25 m nad terénem. Tunel II bude k technologickému centru
pripojen dvéma Stolami — dnikovou cestou s kabelovym kandlem a vétraci $to-
lou pres samostatnou strojovnu VZT primo do kominu. Na povrchu budou
pouze dva relativné malé piizemni objekty (zastavénd plocha 315 m?) s piijez-
dovou komunikac{ a dva kominy. Uvedené nadzemni objekty budou architek-
tonicky zaclenény do budouci vystavby polyfunkéniho objektu.

ZAVER

Tunely jsou situovany do tzemi z hlediska urbanistického a dopravniho
velmi exponovaného. Hustd povrchova obytnd a obcanska zdstavba se sou-
visejicimi inZenyrskymi sitémi a dopravnimi komunikacemi na povrchu,
spolu se specifickymi geologickymi podminkami brnénskych neogennich
jilii (téglh) Yadi stavbu tunelt a souvisejicich objekti VMO Dobrovského
mezi zcela ojedinéld inZenyrskd dila, nemajici v Ceské republice obdoby.

Na zdkladé geotechnickych a geologickych poznatkl z razby Stol byly
matematickym modelovanim podrobné proSetieny vlivy razby na povrcho-
vou zdstavbu v okolf tunelovych tras. Zpracovdvd se podrobnd pasportizace
objektu v trase obou tunelovych rour v z6né ohroZenti, kterd obsahuje 260
objekt. Asi 100 nadzemnich objektu bude pred razbou dodate¢né vyztuZe-
no a podchyceno. V nejkriti¢téjsich mistech razby budou provedena pomoc-
nd opatfeni ke zmirnéni d¢inku razby. Jde o mikropilotové detniky, injekta-
Ze zvodnélych Stérkovych vrstev a clonici ¢i pricné stény z pilita tryskové
injektdze. Zahdjeni vystavby tunelti se predpokladd v roce 2006.

ING. VLASTIMIL HORAK, Amberg Engineering Brno a. s.,
e-mail: vhorak@amberg.cz
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Obr. 3 Celba priizkumné $toly
Fig. 3 Exploration gallery heading

be installed in both tubes and escape corridors, including the underground
technical services centre. The distribution system will consist of circuits allo-
wing their closure in a major emergency. Dry mains will be added in the
cross passages and escape corridors.

The sewerage system will comprise fire-protected shafts (fuel or oil fire is
possible); the fault water pumping station built at the lowest point of both
tunnels will have a 100% reserve capacity, including circuit breakers and
standby pumps.

TECHNICAL SERVICES IN THE TUNNEL

Regarding the safety of operation and persons in the tunnel, it is possible
to state that the technical services in the tunnel correspond to common stan-
dards, which have been applied to Brno’s operating tunnels. A permanently
manned tunnel management centre, which all equipment of the Krélovo Pole
tunnels will be connected to, has been working since 1999.

TECHNICAL SERVICES CENTRE

The tunnel ventilation system and other technical services designed for the
tunnels require adequate spaces, above all a ventilation fan room and an
exhaust structure, all of this amid relatively very dense residential develop-
ment. The underground structure of the technical services centre will have
the footprint dimensions of 14 x 44m; the escape corridor floor and the
lowest floor of the centre are at a depth of 25.50m under the surface. In total,
the centre will have 6 underground and one above ground levels and two
25m high chimneys. The Tunnel II will be connected to the technical servi-
ces centre via two galleries, i.e. the escape route with a cable duct, and a ven-
tilation duct leading via the independent ventilation plant room directly to the
chimney. There will be only two relatively small single-storey buildings
(ground-floor space of 315m?2) with an access road, and two chimneys. In
terms of architecture, the above-mentioned surface structures will be incor-
porated into the future construction of a multi-purpose centre.

CONCLUSION

The tunnels are situated in an area that is extremely exposed in terms of
urban design and traffic needs. The dense community and residential deve-
lopment and all related utility services and roads on the surface, together with
the specific geological conditions of the Brno Neogene clays (Brno Tégl),
rank the construction of the tunnels and other structures of the LCRR Dob-
rovského with outstanding civil engineering projects having no match in the
Czech Republic.

The impacts of the excavation on the existing surface structures around the
tunnel routes have been investigated in detail by mathematical modelling
based on the geotechnical and geological data obtained from the exploration
gallery drives. A detailed condition survey of the structures found along the
routes of the tunnel tubes, within an endangered zone containing 260 struc-
tures is being carried out. Approximately 100 above ground structures will
be reinforced and underpinned prior to the excavation. Additional measures
designed to mitigate the effects of the excavation will be implemented in the
most critical locations. Those measures consist of canopy tube pre-support,
grouting of saturated gravel layers, and jet grouted columns forming longi-
tudinal cut-off walls or transversal walls. The tunnel construction is expected
to commence in 2006. )

ING. VLASTIMIL HORAK, Amberg Engineering Brno a. s.,
e-mail: vhorak@amberg.cz





