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TUNEL LIBOUCHEC NA DALNICI D8 - REKAPITULACE TECHNICKEHO
RESENI PRI UVEDENI DO PROVOZU

THE LIBOUCHEC TUNNEL ON THE D8 MOTORWAY
= AN OVERVIEW OF THE ENGINEERING SOLUTION
ON THE OCCASION OF THE TUNNEL INAUGURATION

LIBOR MARIK
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Uvedeni délni¢niho tunelu do provozu je vZzdy slavnostnim okamzikem
nejen pro vSechny tcastniky vystavby, ale zejména pro fidice, kterym nové
oteviend trasa délnice zkrdti a urychli cestu. Pro projektanta realizaéni doku-
mentace je ukondenf vystavby dobrym divodem k rekapitulaci priubéhu pro-
jektu, porovndni predpokladd se skute¢né zastizenymi podminkami a ke
zhodnocen{ optimalizace technického feSeni. Nové otevieny tisek ddnice D8
vedouci od Usti nad Labem a7 na stdtni hranici se SRN prochdzi hfebenem
Kru$nych hor. Vzhledem k reliéfu terénu se na trase kromé mnoha mostnich
objektt nachdzeji i dva tunely. Tunel Libouchec, o kterém ¢ldnek pojednavd,
navazuje od jihu na kninickou estakddu délky 1080 m, na severu prechdzi
tunel do galerie navazujici na zdpadni tunelovou troubu a po kratkém tseku
ddlnice na dal§f mostni objekt Libouchec prevadéjici trasu délnice do tunelu
Panenskd. Vlastni tunel Libouchec tvori dvé tunelové trouby, kazdd o dvou
jizdnich pruzich. Vychodni tunelova trouba o celkové délce 520 m je uréena
pro smér Praha — Drazdany, zdpadni tunelové trouba o délce 670 m véetné
galerie pro smer opacny.

Pii vystavbé tuneld hraje stdle vetsi roli bezpeCnost provozu a zajisténi
pozadované pozarni bezpenosti. Proto kromé mnoha stavebnich dprav
doznalo uréitych zmén i technologické vybaveni tunelu, zvySujici bezpecnost
a jizdni pohodu fidice pri prajezdu tunelem.

Detailni popis stavebni Cdsti se zaméfenim na razbu tunelu a primérni
a definitivni osténi byl predmétem samostatného ¢lanku v Casopise Tunel
1/2006. Nésledujici text se proto zaméruje na dalsi etapu v Zivote tunelu, kte-
rou predstavuje technologické vybaveni tunelu, stavebni dpravy spojené
s bezpecnosti provozu a ekologické aspekty vystavby tunelu.

TECHNOLOGICKE VYBAVENI TUNELU

Doby, kdy k hlavnim ¢innostem tuneldfe patiilo vyraZeni tunelu a zajiste-
ni poZadované stability vyrubu, jsou ddvno minulosti. Moderni tunelovd
stavba vyzaduje pro zajisténi provozniho i bezpecnostniho standardu instala-
ci slozitych technologickych celku centrdlné ovlddanych pomoci fidiciho
systému tunelu. Veskeré informace jsou z bezobsluzného fidictho centra pre-
naseny optickym kabelem do dispecinku tunelu v nedalekych Rehlovicich
a Petrovicich, kde nad bezpecnym chodem systému a provozem v tunelu bd{
stdld sluzba. I kdyz délka tunelu Libouchec jen malo prekracuje 500 m, tunel
disponuje pomérné sloZitym technologickym vybavenim. Cilem montdZe

Obr. 1 Jizni portdl, priprava tizemi — 8/2004
Fig. 1 Southern portal, site preparation — 08/2004

INTRODUCTION

The act of opening of any motorway tunnel to traffic is always a solemn moment
for all parties to the project, but first of all for drivers, who will enjoy the shorter
and faster travel along the new stretch of the motorway. Completion of a construc-
tion is a good moment for the designer to overview the course of the works, com-
pare the assumptions with the actually encountered conditions, and assess the
results of optimisation of the engineering solution. The newly opened stretch of the
D8 motorway running from Usti nad Labem up to the border with the BRG, passes
across a crest of the Krusné Hory Mountains. There are two tunnels on the motor-
way route in addition to numerous bridges, which were necessary to cope with the
undulated terrain configuration. The Libouchec tunnel, which is the topic of this
paper, links the 1080m-long Kninice viaduct on the south. On the northern side, the
western tube passes to a gallery (a snow shed-type structure), and to a short at-grade
section, which connects to another bridge structure, the Libouchec Bridge. This
bridge carries the motorway route to the Panenskd tunnel. The Libouchec tunnel
itself is a twin-tube, two-lane structure. The 520m-long eastern tunnel tube is desig-
ned for the Prague-Dresden traffic direction, while the 670m-long western tunnel
tube (including the gallery) carries the opposite direction traffic.

The importance of the role of operational safety and requirements for the fire safe-
ty level continuously grows in the construction process. This is why the tunnel equip-
ment, similarly to the tunnel structures, was a subject of certain changes, which impro-
ved the safety and driving comfort during the travel through the tunnel.

A detailed description of the structural part of the engineering solution, which
was focused on the tunnel excavation, primary lining and final lining, was the topic
of a separate paper published in Tunel 1/2006. The following text is therefore focu-
sed on another phase of the tunnel life, on the tunnel equipment, structural details
associated with the operational safety, and environmental aspects of the tunnel con-
struction.

TUNNEL EQUIPMENT

The times when the task to excavate a tunnel and guarantee the required degree
of stability of the excavated opening was the only task of tunnellers have been over
for a long time. The modern Libouchec tunnel construction requires installation of
complex equipment packages controlled centrally through a tunnel management
system so that operating and safety standards are maintained. All information is
transmitted from an unmanned control centre to the tunnel control centre nearby
Rehlovice and Petrovice via a fibre-optic cable. There is a continuous service

Obr. 2 Razba kaloty od jiZniho portdlu — 4/2005
Fig. 2 Top heading drive from the southern portal — 04/2005




Obr. 3 Betond?, zdkladovych past hloubenych tunelii — severni portdl 09/2005
Fig. 3 Casting of the cut-and-cover tunel strip foundation — northern portal 09/2005

technologickych celkl je zajidténi plynulého provozu, vEasné zjiténi
a odstranéni potencidlnich pri¢in nebezpecnych situaci a vytvoreni podminek
pro celkovou pohodu fidice pri prajezdu tunelem. Vznik havdrie nebo dokon-
ce pozéaru v tunelu automaticky spousti zvlastn{ rezim, pfedem naprogramo-
vany pro konkrétn{ krizovou situaci.

Technologické vybaveni tunelu tvofi kromé silnoproudych a slaboprou-
dych rozvodu systém tunelového vétrani a osvétlent, Cidel pro méfent fyzi-
kdlnich veli¢in, elektrickd poZarn{ a zabezpeCovaci signalizace, systém tisio-
vého voldni SOS, uzavieny televizni okruh, zatizeni pro radiové voldni, eva-
kua¢ni rozhlas a vlastni fidici systém tunelu, do kterého se veskeré informa-
ce sbihajf a jsou analyzovany. Proti vypadku energie cely systém chréani jako
zéloZni zdroj dieselagregit, situovany u provozné technologické budovy na
jiZnim portélu tunelu.

Z hlediska fidi¢e hraje dileZitou roli osvétleni tunelu, které tvoif dvé
osvétlovaci soustavy. Hlavni soustava zahrnuje akomodalni a prujezdni
osvetleni. Vedlejsi soustava osvetluje tunelové propojky a slouZi pro nasvét-
leni skifni SOS s cilem opticky zvyraznit jejich polohu v tunelu. Akomodag-
ni osvétlen{ slouZ{ pro zlepSeni pohody Tidice, ktery vjiZdi z oblasti pred tune-
lem. Pomdhd preklenout nedostate¢nou schopnost o¢i zvyknout si v kratkém
Case na zcela odlisné svételné poméry uvnitf tunelu. Vzhledem k malé délce
tunelu probihd akomodacni{ osvétleni po celé jeho délce a z hlediska intenzi-
ty osvétleni je rozdéleno do nékolika pasem. Regulaci akomoda¢niho osvét-
len{ zajiStuje Tidici systém tunelu v zdvislosti na jasovych pomerech méfe-
nych vnéj§im jasomérem pred vjezdovymi portély. Kromé téchto dvou osvét-
lovacich soustav je pro pripad vyjime¢nych stavi v tunelu nainstalovano
nouzové osvétleni. Umisténi diodovych svitidel ve vysce 0,9 m nad tirovni
chodniku po obou strandch tunelu zlepSuje orientaci osob v pripad¢, kdy je
jiz vrchni ¢ést tunelu vyplnéna kourem. Funk&nost svitidla signalizuje modrd
LED dioda umisténd ve stiedu svételného zdroje. V pripadé poplachu signa-
lizovaného elektrickou poZdrni signalizaci se krom¢ nouzového osvétleni
zapind na plny vykon i hlavni osvétlovaci soustava.

V pripadé vypadku elektrické energie béhem normélniho provozu v tune-
lu prechézi reZim osvétleni tunelu do ndhradniho osvétleni tunelu, zajistova-
ného vybranymi sekcemi akomodaéniho osvétleni. Dodévku energie zajistu-
je ndhradni zdroj a maximdlni povolend rychlost v tunelu je sniZena
z 80 km/h na 60 km/hod.

K dal§imu velmi vyznamnému bloku technologickych zafizent, ktery jiz
z pohledu fidice stoji v pozadi, patfi méfen{ fyzikdlnich a chemickych veli-
Cin a elektrickd pozdrni signalizace. Jednotlivé ¢idla umisténd v tunelu, v pro-
vozné-technologickém objektu i pred obéma portdly, sleduji napf. hodnoty
koncentrace CO a opacity v tunelovych troubdch, hodnoty teploty vzduchu
v tunelu, teploty potrubi poZdrniho vodovodu a v provozné-technologickém
objektu, detekci mlhy na vyjezdovych portdlech, vysku hladiny vody
v pozérni nddrzi a bezodtokové jimce znedisténych vod, mefeni rychlosti
proudéni vzduchu, nebo otdcek a vibraci ventildtort vzduchotechniky tune-
lu. Dal3i ¢idla sleduji stav zafizeni v dpravné pH drendznich vod. Spolu s jiz
zminénymi jasoméry poskytuji tato zarizeni fidicimu systému potiebné infor-
mace, které vyhodnocuje, a na zdklade zjisténych hodnot ovldda dalsi zari-
zeni (ventildtory, osvétleni, ohfivani pozarniho vodovodu apod.).

Méfeni koncentrace CO a opacity v tunelu je umisténo pobliz portala. Cel-
kem jsou osazeny Ctyfi péry infradervenych senzort. Vstupni data potiebna
pro optimdln{ funkei vzduchotechniky doplnuji ¢tyfi pary Cidel pro mérent
rychlosti proudéni vzduchu v tunelu a ¢idla sledujici teplotu vzduchu.

V souvislosti se zménou polohy poZdrniho vodovodu z pavodniho umis-
téni pod vozovkou do prostoru pod chodnikem vznikl poZadavek na tempe-
rovani potrubi v piipadé, kdy teplota klesne pod pfipustnou mez. Potrubi
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present in the control centre. Even though the Libouchec tunnel length is only slight-
ly higher than 500m, the tunnel is provided with relatively complex equipment. The
objective of installation of the equipment packages is to secure uninterrupted traffic,
timely detection and removal of potential causes of dangerous situations, and creati-
on of suitable conditions for driver comfort during the passage through the tunnel.
Any incident or even a fire inside the tunnel automatically sets in motion a special
regime, which is pre-programmed for the particular critical situation.

Apart from a heavy-current and weak-current distribution system, tunnel equip-
ment consists of tunnel ventilation and illumination systems, sensors measuring phy-
sical quantities, a fire alarm and detection system, emergency announcement system,
CCTYV cameras, a wireless communication system, public address and the tunnel con-
trol system itself, which collects and analyses all information. The entire system is
protected against a power failure by a stand-by source, a diesel generating set, which
is located next to the technical services building, at the southern portal of the tunnel.

From the driver’s point of view, an important role is played by the tunnel illumi-
nation. The tunnel illumination consists of two lighting systems. The main system
consists of the accommodation and interior tunnel lighting. A secondary system illu-
minates tunnel cross passages and serves for highlighting of SOS boxes with the
aim of emphasizing their position in the tunnel. The accommodation lighting is
intended to improve drivers’ visual comfort when they enter the tunnel from the
zone in front of the tunnel. It helps them to cope with the insufficient capability of
eyes to accommodate in a short time to totally differing lighting conditions inside
the tunnel. Because of the short length of the tunnel, the accommodation lighting
system is installed throughout the length of the tunnel. In terms of the intensity of
the light, the accommodation lighting is divided into several zones. The intensity of
the accommodation lighting is controlled by the tunnel management system, depen-
ding on the luminance conditions in front of the entrance portals, which are measu-
red by external luminance metres. Apart from the above-mentioned two lighting
systems, an emergency lighting system is installed in the tunnel in case of extraor-
dinary states. Orientation of persons in case of smoke filling the upper part of the
tunnel profile is facilitated by LED-type luminaries installed at a level of 0.9m
above the walkways, on both sides of the tunnel. The functionality of the luminary
is signalled by a blue LED installed in the centre of the light source. When an alarm
is signalled by the fire alarm and detection system, the main lighting system is acti-
vated at full capacity, concurrently with the emergency lighting.

When the power failure occurs during normal tunnel operation, the tunnel ligh-
ting regime is switched to the stand-by tunnel lighting regime, which is provided by
selected sections of the accommodation lighting system. The power supply is pro-
vided by a stand-by source, and the maximum permissible speed in the tunnel is
reduced from 80 km/h to 60 knv/h.

Another very interesting equipment block, which is considered unimportant
from driver’s point of view, is the system of measurement of physical and chemi-
cal quantities and the fire alarm and detection system. Individual sensors, which are
installed inside the tunnel, in the technical services building and in front of both por-
tals, follow, for instance, the values of the Carbon Monoxide concentration and opa-
city in the tunnel tubes, the temperature of air in the tunnel, on the fire pipeline and
in the technical services building, fog in front of the exit portals, the level of water
in the fire protection reservoir and in the polluted water collecting drainless sump,
measurement of the airflow rate or the speed of rotation and vibrations of the tun-
nel ventilators. Other sensors monitor the state of the equipment conditioning the
pH in the water which is discharged from the tunnel drainage. Together with the
above-mentioned opacity metres, these facilities provide information necessary for
the control system, which assesses the information and controls other equipment
(fans, lighting, fire main heating etc.) on the basis of the quantities determined.

The sensors measuring the Carbon Monoxide concentration and opacity in the
tunnel are installed near the portals. A total of four pairs of infrared sensors are
installed. The input data required for optimum functioning of the ventilation system
is provided by four pairs of sensors measuring the airflow rate in the tunnel and sen-
sors monitoring the air temperature.

A requirement for heating of the fire main pipeline in case of the temperature
dropping under an allowable limit appeared in the context of a change in the posi-
tion of the fire main, from the original place under the roadway to the space under
the walkway. A trace heating system is used for the fire main protection, with the
heating cables installed between the pipeline external surface and thermal insulati-
on. The heating system is activated by the control system in the case of temperatu-
re in the tunnel and on the pipeline surface dropping. This system is in common use
in tunnels abroad, but it is the first application in the Czech Republic.

The objective of the monitoring of the level of water in the 170m3-volume fire
protection reservoir is to inform whether the volume of water in the reservoir is suf-
ficient for a fire fighting intervention in case of a fire in the tunnel. The drainless
sump collects polluted water from the roadway surface discharging from slotted
drainage ducts. This water cannot be treated by the equipment available, therefore
it must be transported by tankers to a sewage treatment plant. The water level moni-
toring system signals the state at which the water must be pumped from the sump
to prevent inundation of the inflow pipeline and a total collapse of the roadway
drainage system.

In recent years, strong emphasis has been placed on fire safety in tunnels, in the
context of accidents in tunnels abroad. Detection of signs of a fire in the Libouchec
tunnel is provided by sensors of the fire alarm and detection system. Whereas the
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Obr. 4 Hloubené tunely na jiZnim portdle
Fig. 4 Cut-and-cover tunnels at the southern portal

pozérniho vodovodu je kontaktné ohffvéno pomoci topnych kabel instalo-
vanych mezi licem trubky vodovodu a tepelnou izolaci. Pfi poklesu teploty
v tunelu a na lici potrubi vodovodu aktivuje fidici systém v tunelu otdpéni
potrubi. Jednd se o systém, ktery je v zahrani¢nich tunelech béZzné pouzivan,
v Ceské republice je pouZzit v ddlnicnim tunelu poprvé.

Sledovéni drovné hladiny vody v poZérni nddr7i o objemu 170 m* md za
cil informovat o dostate¢né rezervé vody v nddrZi pro provedeni zdsahu v pri-
padé poZdru v tunelu. Do bezodtokové jimky znecisténych vod proudi voda
ze §térbinovych Zlabu pro odvodnéni vozovky. Vodu z jimky nelze pomoci
instalovanych zarizeni efektivné vycistit a je nutné kontaminované vody
odvazet cisternami do Cistirny odpadnich vod. Sledovéan{ hladiny v jimce sig-
nalizuje stav, kdy je vodu z jimky treba vy&erpat, aby nedoslo ke zpétnému
zatopeni potrubi a iplnému kolapsu systému odvodnéni vozovky.

V poslednich letech je v souvislosti s havdriemi v zahrani¢nich tunelech
kladen velky duraz na zaji$téni poZdrni bezpecnosti v tunelu. K detekei pro-
jev pozéru jsou v tunelu Libouchec instalovdna ¢idla elektrické poZérnf sig-
nalizace. Zatimco provozné-technologicky objekt s fidicim systémem tunelu
a bezpecnost zdlozniho zdroje energie stieZi bodové hldsice poZéru, ob¢ tune-
lové trouby sleduje linedrni teplotni kabel FibroLaser II., ktery je schopen
detekovat misto poZaru s presnosti na 3 m. Systém je aktivovdn pii prekro-
Ceni maximaln{ pripustné teploty ve sledované zéné 58 °C, zvySovéni teplo-
ty rychlosti 12 °C/min. nebo rozdil teploty v mist€ méfeni vic¢i prumérné tep-
loté v z6né prekro¢i 10 °C, pri¢emzZ postatuje nesplnéni jediného z kritérii.
Krome liniového sledovini teploty v tunelu jsou v misté SOS kabin a v tsti
tunelovych propojek instalovény tlacitkové hldsice pozdru.

Pocet SOS kabin vzrostl s ohledem na poZadavky novelizovaného predpi-
su TP98 Technologické vybaveni tuneli a vzhledem k prodlouZeni zépadni
tunelové trouby o objekt galerie z puvodnich 8 ks na 11 ks. Vzddlenost SOS
kabin nesmi podle novych predpisu prekro¢it 150 m.

Funkei off fidictho systému tunelu zajistuje systém videodohledu, ktery
monitoruje celou oblast obou tunell a provozné-technologického objektu.
Z celkového poctu 42 kamer monitoruje 7 ks SOS hlédsky v tunelu, 2 ks tune-
lové propojky a 4 ks dsti tunelovych propojek. Pred jiznim a severnim portd-
lem jsou instalovany vZdy 2 oto¢né videokamery. Videosigndl z jednotlivych
kamer je veden pres ridici systém tunelu do obsluzného dispeginku v Rehlo-
vicich a Petrovicich.

Pozadavky na informoviéni fidi¢a v pfipadé mimofddné uddlosti plni eva-
kuacni rozhlas. Ve vySce 3,2 m nad drovni chodniku jsou ve vzdélenosti 25 m
instalovédny tlakové reproduktory, kterymi_vyddvaji pifslusnici jednotek
hasi¢ského zachranného sboru, nebo Policie Ceské republiky pokyny pii eva-
kuaci osob z tunelu. Vstup do systému evakuacniho rozhlasu je mozny jak
z lokdlniho velinu v provozné-technologickém objektu na jiznim portilu
tunelu, tak ze vzdaleného dispecinku v Petrovicich nebo Rehlovicich.

Za bézného provozu i v piipadé poziru v tunelu hraje klicovou roli sprav-
né fungujici systém vzduchotechniky. Tunel Libouchec podéIné odvétravaji
v kazdé tunelové troubé tfi pary proudovych ventildtort firmy Howden
Power. Pro zajisténi vétrdni v tunelu a dosaZen{ poZadované rychlosti prou-
déni pfi vzniku poZdru 3 m/s postafuji pouze dva pary ventildtoru, tfeti par je
nasazen jako zdloZni pro piipad, Ze by ohnisko poZaru leZelo v blizkosti ven-
tilitoru a vlivem extrémni teploty nebo jiné poruchy doslo k jeho vyrazeni
z provozu. Dal§ ventildtory zajistuji odvétrani tunelovych propojek a umoz-
nuji v pifpadé pozéru v jedné tunelové troubé zajistit potrebny pretlak vzdu-
chu tak, aby kour nevnikal do propojky a druhé tunelové trouby, slouZici jako

technical services building with the tunnel management system and the stand-by
power source are guarded by point fire detectors, both tunnel tubes are monitored
by the FibroLaser II linear heat detection system, which is capable of detecting a fire
location with the accuracy within 3m. The system is activated when the maximum
allowable temperature of 58 °C is exceeded, or the rate of the temperature growth
crosses 12 °C/minute, or the difference between the temperature at the measure-
ment location and the average temperature within the zone is higher than 10 °C; the
fact that even a single criterion is met is sufficient for triggering the signal.

The number of SOS cabins grew from the original 8 to 11 with respect to requi-
rements of reviewed technical specifications TS98 Tunnel Equipment and with
a view to the extended length of the western tunnel tube by the addition of the gal-
lery structure. According to the new specifications, the spacing of SOS cabins must
not exceed 150m.

The role of eyes of the tunnel control system is played by the television surveil-
lance system, which monitors the entire area of both tunnel tubes and the technical
services building. Of the total number of 42 cameras, seven cameras monitor the
emergency call stations in the tunnel, two cameras oversee the cross passages, and
four watch the entries to the cross passages. Two revolving cameras are installed in
front of each of the southern and northern portals. The video signal from individu-
al cameras is transmitted through the tunnel control system to the service control
centres in Rehlovice and Petrovice.

Requirements for a system providing drivers with information in case of an emer-
gency are fulfilled by the public address system. Pressure loudspeakers are installed
every 25m at a height of 3.2m above the walkways. They are used by Fire Rescue
Service personnel and the Police of the Czech Republic for instructing persons
during the tunnel evacuation. The entry to the public address system is possible both
from the local control room in the technical services building at the southern portal
of the tunnel, and from the remote control centres in Petrovice or Rehlovice.

The proper function of the ventilation system is important both during the com-
mon operation and in the case of a fire in the tunnel. The Libouchec tunnel is pro-
vided with a longitudinal ventilation system using three pairs of Howden Power jet
fans in each tube. Two pairs of fans capable of producing the required 3my/s airflow
rate in case of a fire are sufficient for the tunnel ventilation. The third pair is instal-
led in the tunnel tube as a stand-by in case of a failure of a fan, which may be dama-
ged by extreme temperature if the seat of fire is in its proximity, or fail due to any
other cause. Other fans ventilate the cross passages and make creation of a required
positive pressure possible in case of a fire in one tunnel tube so that smoke is
prevented from entering the cross passage and the other tunnel tube which is used
as an escape route. Escaping persons always proceed against the fresh air flow.

Obr. 5 Stisnéné poméry pri betondZi vozovky
Fig. 5 Constrained conditions dutiny the roadway casting




Obr. 6 Ochrana poZdrniho vodovodu pred promrzdnim
Fig. 6 Frost protection of the fire main

tnikovd cesta. Unikajici osoby tak vzdy postupuji proti proudu cerstvého
vzduchu.

STAVEBNI UPRAVY PRO ZAJISTENI BEZPECNOSTI V TUNELU

K zajisténi bezpetnosti v tunelu neprispiva jen sloZité technologické vyba-
veni, ale i fada stavebnich dprav. Jednd se predevsim o tunelové propojky,
které umoznuji zejména v ptipadé pozdru dnik osob z jedné tunelové trouby
postupné pInéné zplodinami z poZzdru do druhé tunelové trouby. Na délku
tunelu 520 m pripadaji dvé tunelové propojky, ¢imz je trasa tiniku rozdélena
na iseky o maximélni délce 190 m. Jednd se o nejefektivnéjsi zptsob zachra-
ny osob — samoevakuaci. V dst{ kazdé propojky, jejiz poloha je kromé stéle
svitici znacky odliSena i barvou ostén{ tunelu, je umistén hydrant a dnikovou
cestu chrani pred G¢inky poZéru protipoZdrni dvefe.

Pro usnadnéni orientace unikajicich osob slouZ{ specidlni znaceni s fotolu-
miniscenénim povrchem, které uddva smér a vzdélenost k nejblizsi tnikové
cesté, tj. k tunelové propojce, nebo k portdlu. Obdobné jsou znafena mista
poZarnich hydrantt nebo skifni SOS.

Hydranty poZdrniho vodovodu jsou stejné jako Sachty na CiSténi bocni
tunelové drendZe umistény ve vyklencich, jejichZ hrany jsou zkoseny ve
sméru jizdy. Toto opatfeni omezuje moZnost primého ndrazu do hrany
vyklenku v situaci, kdy fidi¢ vozidlo neovlada. Sikmd plocha vyklenku odra-
zi vozidlo zpét na vozovku. Energie ndrazu je tim sniZena, stejné jako riziko
zranéni osddky vozu. Kromé dsti tunelovych propojek jsou hydranty umisté-
ny v blizkosti skiini SOS. Podél obou boku kazdé tunelové trouby vedou
kabelové trasy umisténé do kabelovodu. Prostor kabelovou je na povrchu
upraven jako pochozi stezka a slouZ{ jako tnikova cesta.

Do prostoru pod tinikovou cestou se podafilo v rdmci zmén béhem vystav-
by umistit i poZdrni vodovod, puvodné situovany pod vozovkou tunelu.
Zména polohy pozirniho vodovodu odpovidd koncepci vedeni potrubi

bi tohoto typu plati podle platné normy nezdmrzna hloubka 1,5 m. Pfi dodr-
Zeni nezdmrzné hloubky a nutnosti kifZeni potrubi s dal§im trubnim vedenim
v tunelu by doslo k liniovému podkopdni patek definitivniho ostént, coZ je ze
statického hlediska nepfipustné. Krome statického hlediska ma zména pozi-
tivni dopad i do hlediska provozniho a bezpe¢nostniho. V piipadé poruchy na
potrubi by bylo nutné povést opravu primo ve vrstvach betonového krytu
vozovky. To by zpusobilo znaény narast provoznich ndkladu, spojenych
s udrzbou poSkozeného mista. ZiiZzeni vozovky v opravované ¢dsti tunelu

Samostatnou kapitolu bezpecnosti v tunelu tvofi zajisténi pozadované
pozérni odolnosti konstrukci a minimalizace negativnich vliva pii poZéru.
Dalsim bezpecnostnim prvkem je proto samotny povrch vozovky. Velké
nebezpeli pri poZdru v tunelu predstavuji zplodiny hoteni, pfi¢emZ teplota
dosahuje v epicentru pozdru ve velmi krétké dobé az 1300 °C (napt. kiivka
poZiru dle RABT). Z tohoto divodu tvofi konstrukci vozovky betonova
deska, i kdyz v prilehlych dsecich tunelu a v navazujici galerii je navrzen
povrch Zivicny.

Sifeni pozéru v tunelu zamezuje i pouZiti §térbinovych Zlabl. Hofici kapa-
lina stékd z povrchu vozovky a $térbinovym Zlabem odtékd smérem k portd-
lu. Jiz samotny Stérbinovy Zlab omezuje pristup vzduchu k hofici kapaling.
Soucésti trasy Stérbinového Zlabu jsou samozhdSeci kusy umisténé v rastru
60 m. Jednd se o sifony naplnéné vodou. Pfi pruchodu hofici kapaliny sifo-
nem dojde k uhaSeni plamene a poZér se déle nesiti do dosud nezasaZenych
tiseku tunelu. Obdobnou funkci maji i protipoZdrni ucpavky kabelovodu,
které zabranuji Sifeni poZdru chrani¢kami kabel propojujicimi jednotlivé
pozarni dseky tunelu.
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TUNNEL SAFETY STRUCTURES

The tunnel equipment is not the only element which contributes to the safety in
the tunnel. The safety is also improved by numerous items of construction work.
First and foremost, there are cross passages there, which allow escape of people
from one tunnel tube to the other in the case of a fire while the affected tube is gra-
dually being filled with combustion products. Two cross passages come to the tun-
nel length of 520m, thus the escape route is divided into sections at a maximum
length of 190m. It is the most effective way of rescuing people, the so-called “self-
evacuation”. The entry to each cross passage, which is provided with a fire resisting
door protecting the escape route against the effects of fire, is marked by a perma-
nently lighting sign and is distinguished in colour within the tunnel lining. There is
a fire hydrant at each entrance.

Orientation of escaping persons is facilitated by special photo-luminescent-sur-
face signs showing the direction and distance of the nearest escape route, i.e. of an
escape route or a portal. The positions of fire hydrants or SOS boxes are marked in
a similar way.

The fire hydrants, as well as the manholes which allow clearing of the tunnel side
drainage, are located in sidewall recesses. The edges of the recesses are chamfered
in the direction of traffic so that the possibility of a direct impact into the edge of
the recess in a situation when a driver loses control over the vehicle is prevented.
The angling wall of the recess bounces the vehicle back to the roadway. Thus the
impact energy as well as the risk of injury of the passengers is reduced. The
hydrants are installed not only at the entries to the cross passages, but also at the
SOS boxes. Cable runs lead through cableways along both sides of each tunnel
tube. The surface above the cableways is provided with pavement and is used as
a walkway and an escape route.

The fire main design, which had been originally placed under the roadway, was
successfully changed in the process of the design modifications; the pipeline was
also installed under the escape way. The change in the position of the fire main was
made in compliance with the concept of pipeline routes in many tunnels abroad; it
is beneficial in many respects. The respective standard valid for water pipelines of
this type requires placement of the pipeline at a minimum depth of 1.5m to ensure
the frost protection. However, if this depth is maintained in the situation where anot-
her pipeline is to be crossed in the tunnel, the trench to be dug along the final lining
base would threaten stability of the lining, which is inadmissible. Apart from the
structural aspect, the change has a positive impact also in terms of the tunnel ope-
ration and safety. A repair of a contingent pipe defect would have to be carried out
directly in the concrete courses of the roadway surface. It would cause a significant
increase in the operating costs which would be associated with the maintenance of
the damaged surface. The reduced width of the roadway in the tunnel section under
repair would increase the risk of an incident, with all consequences which are asso-
ciated with this situation.

Provision of the required level of fire resistance of structures and minimisation of
negative effects during a fire is a separate chapter of safety in the tunnel. The road-
way surface itself is, therefore, a separate safety element. Combustion products pose
a significant threat during a fire. Because the temperature in the fire epicentre reaches
in a very short time up to 1300 °C (e.g. the RABT Fire Curve), the roadway structu-
re is a reinforced concrete slab, even though a bituminous roadway surface has been
designed for the adjacent tunnel sections and the gallery.

A fire in the tunnel is prevented from spreading even by installation of slotted
drainage ducts. Burning liquid runs down from the roadway surface and continues
through the slotted duct toward the portal. The slotted drainage duct itself prevents
access of air to the burning liquid. Self-extinguishing pieces, which are installed
every 60m, are parts of the slotted drainage duct route. The self-extinguishing piece
is a siphon filled with water. The flame is extinguished during the passage of the
burning liquid through the siphon, thus the fire does not spread to the tunnel secti-
ons which have not been affected by the fire yet. Fire stop sleeves on cables have
a similar function, i.e. to prevent a fire from spreading through the cableways,
which connect individual fire compartments of the tunnel complex.

N/

Obr. 7 Prechod z tunelu do galerie
Fig. 7 Transition of the tunel to the gallery
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Obr. 8 SdruZeny vyklenek poZdrniho hydrantu a skiiné SOS
Fig. 8 An SOS niche with a fire hydrant

EKOLOGICKE ASPEKTY A OCHRANA ZIVOTNIHO PROSTREDI

Lokalita, ve které se tunel Libouchec nachazi, vyZaduje zodpoveédny pii-
stup k ochrané Zivotniho prostiedi. Obecné lze fici, Ze vedeni trasy komuni-
kace v tunelu je v porovnani s vedenim v hlubokém zdrezu vzdy SetrnéjSim
feSenim. V krajin€ nevznik4 jizva, tvorici prekdzku pri migraci zvére, nedo-
chézi ke zvySené erozi obnaZenych svahu zédfezl a tunelové portdly obloZe-
né v piipadé tunelu Libouchec piirodnim kamenem citlivé zapadaji do kra-
jinného rdzu Krusnych hor.

Urcité nebezpeci mohou u tunelovych staveb predstavovat exhalace, které
se na rozdil od volné trasy v tunelu koncentrujf a vystupujf z tunelu v jedi-
ném misté — u tunelovych portdlu. V piipadé tunelu Libouchec vSak vzhle-
dem k malé délce tunelu, podélnému sklonu trasy 4.5 % a vyraznému komi-
novému efektu nepredstavuji koncentrace Skodlivin zdsadni problém.

MozZnym zdrojem zneli§tén{ v§ak miZe byt voda, resp. kapaliny vytékaji-
cf z tunelu. Proto do§lo béhem provadéni tunelu k modifikaci pavodniho
feSeni a po provedeni koncepénich dprav Ize hovorit o trech nezdvislych
systémech odvodnén{ tunelu.

Prvnim, nejméné rizikovym zdrojem zneCisténi jsou vody protékajici
destovou kanalizaci z predportdlovych zdfezii poloZenych nad tunelem.
Vlastnim tsekem tunelu voda pouze protékd, do potrubi viak nejsou zausté-
ny 74dné dal3f zdroje potencidlniho zneli§téni. V puvodnim feSenf dstila do
kanaliza¢niho potrubi pomoci pfi¢nych propojek i bo¢ni tunelovd drendz.
V rdmci realizace stavby viak doSlo k oddéleni obou systému. Nebezpedi
kontaminace kanaliza¢nich vod je proto totozné s rizikem kontaminace kde-
koli na ddlni¢nim télese a existence tunelu riziko nijak neovliviiuje. Oddéle-
ni obou systému md jesté jeden pozitivn{ konstrukéni dopad. Destova kana-
lizace puvodné umisténd v obou tunelovych troubach probihd nyni pouze
vychodni tunelovou troubou. Kromé dspory investi¢nich nékladu tato sku-
teCnost priznive ovliviuje i konstrukénf hledisko provadéni podkladnich vrs-
tev betonové vozovky. Na jiznim portdlu tunelu voda protékd sedimentacni-
mi jimkami a odlu¢ovacem ropnych produktd, aby ndsledné dotovala poZar-
nf nddrZ o objemu 170 m?3. Kapacita nddrZe postacuje na proveden{ poZarni-
ho zésahu v dobé trvani 2 hodiny.

Druhy rizikovy zdroj znecistén{ predstavuji vody drendZni, které prosa-
kuji puklinami v horninovém masivu, protékaji primdrnim osténim a po
zachyceni mezilehlou féliovou izolaci stékaji do podélnych bocnich drena-
zich. Urtitd ¢dst podzemni vody prosakuje i po¢vou tunelu do stfedni tune-
lové drendze, nebot’tunel provadény bez spodni klenby neni po celém obvo-
du uzavien izola¢nim plastém. Jednd se o takzvany deStnikovy systém izo-
lace. V puvodnim feSen{ drendzni vody vtékaly do kanalizani stoky a spolu
se srazkovymi vodami z piedporédlovych zdfezi zdsobovaly pozdrni nadrz
pred jiznim portdlem tunelu. Pfi zpracovdni provadéciho projektu doslo
k dprave systému odvodnéni oddélenim srdzkovych vody od vod drendz-
nich. Jak se pozdéji ukdzalo, jednalo se o proziravé opatfeni. Jiz béhem
vystavby vykazovala podzemni a technologickd voda vytékajici z tunelu
zvySené pH, které v extrémnim piipadé dosahovalo aZ hodnoty 12. Proto
bylo nutné vodu pred vypousténim do vodoteCe upravovat a hodnotu pH
sniZit na pfipustnou mez. ZhorSeni kvality zapfi¢inil prutok podzemni vody
primdrnim osténim ze stffkaného betonu. Situace se nezlepsila ani v obdob{
pred uvedenim tunelu do provozu, a tak nezbyvalo, nez do technologického
vybaveni tunelu zafadit i dpravnu pH, pres kterou veskeré drendZni vody
dosud protékaji. Lze ofekdvat, Ze v prubéhu ¢asu dojde ke sniZovani vylu-
hi z primarniho ostén{ a kvalita podzemni vody dosahne pavodnich para-
metru. Pak bude mozné dpravnu odstranit. Do té doby se viak bez dpravy
vody tunel neobejde.

Ke zdroji s nejvétsim rizikem kontaminace patif voda stékajici z povrchu
vozovky. I kdyZ pti béZném provozu riziko kontaminace nepievysuje riziko

Obr. 9 Nouzové osvétleni a dalsi vybaveni tunelu
Fig. 9 Emergency lighting and other tunel equipment

ECOLOGICAL ASPECTS AND ENVIRONMENTAL PROTECTION

The location in which the Libouchec tunnel is found requires a responsible atti-
tude towards environmental protection. It is possible to generally state that the set-
ting of a road to a tunnel is always more environmentally friendly than a route run-
ning in a deep open cut. The landscape is not hurt by a scar in its surface, which
becomes an obstacle for migration of game; aggravated erosion of the uncovered
slopes of the open cut is not the threat, and tunnel portals, which are in the case of
the Libouchec tunnel clad in natural stone, sensitively fit in the KruSné Mountains
landscape.

As opposed to an open surface alignment, exhaust emissions, which are con-
centrated in the tunnel and are let out of the tunnel in one location, at the portals,
may be a certain threat. However, regarding the Libouchec tunnel, the concentrati-
on of pollutants is not a significant problem if we consider the short length of the
tunnel, the longitudinal gradient of 4.5% and the profound chimney effect.

On the other hand, water or liquids flowing from the tunnel may be a source of
pollution. For that reason the original design was modified in the course of the tun-
nel construction. After implementation of conceptual changes, we can speak about
three independent drainage systems.

The first source of pollution, the least risky one, is the water flowing through the
storm-water drainage from the pre-portal open cuts, which are in a higher elevation
than the tunnel. The water only passes through the tunnel; no other sources of poten-
tial pollution are connected to this drainage. The original design contained conne-
ctions to this drain from the tunnel side drains. The two systems were separated
during the construction. The risk of contamination of the water in the storm-water
drainage is identical with the risk of contamination in any place along the motor-
way route; the existence of the tunnel does not affect this risk. The act of separati-
on of the two systems has another positive impact on the tunnel structure. The
storm-water drainage, which was originally designed for both tunnel tubes, is now
installed only in the eastern tunnel tube. This fact positively affects not only the cost,
but also the construction work on the roadway bedding layers. At the southern por-
tal, the water flows through sedimentation tanks and an oil separator, to be subse-
quently used for supplying a fire protection reservoir with the capacity of 170m3.
This capacity is sufficient for a two-hour fire intervention.

The second potential source of pollution is ground water collected by tunnel dra-
ins. Ground water seeps through fissures in the rock mass, leaks through the pri-
mary lining and is directed by the intermediate waterproofing membrane down to
the longitudinal side drains. Because the waterproofing is not closed to cover the
tunnel bottom (the so-called "umbrella’ type of waterproofing), certain portion of
ground water seeps through the tunnel invert to the central drain. According to the
original design, drainage water was discharged to a sewer and, together with storm
water from the pre-portal open cuts, supplied to the fire protection reservoir in front
of the southern portal of the tunnel. The drainage system was changed in the detai-
led design phase; storm water was separated from drainage water. It was subsequ-
ently proven that this measure had been very far-sighted. Ground water and process
water flowing from the tunnel exhibited increased pH values as early as the con-
struction phase. Extreme values of 12 were reached. For that reason it was neces-
sary to start the pH conditioning and reduce the value to a permissible level. The
quality deteriorated as a result of the fact that the water flew in contact with the pri-
mary shotcrete lining. The situation remained unimproved even in the phase befo-
re the tunnel commissioning. The contractor was left with no choice but to add
a pH-conditioning facility. The facility, which treats all drainage water flowing from
the tunnel, has been in service till now. It can be expected that the intensity of the
primary lining leaching will be gradually diminished and quality of ground water
will reach the original parameters. Then it will be possible to remove the treatment
facility. Till that time, however, the tunnel cannot cope without it.

Water flowing from the roadway surface is the source posing the greatest risk of
contamination. Even though the risk of contamination during common operation is
not higher than the risk in open-surface motorway sections outside the tunnel, water
used for washing of the tunnel walls is provably contaminated and cannot be
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Obr. 10 Celkovy pohled na jizni portdl pred dokoncenim
Fig. 10 Overall view of the southern portal before completion

na volnych usecich délnice mimo tunel, v pfipadé myti stén tunelu je voda
prokazateln¢ kontaminovdna a nelze ji bez dalsf dpravy vypoustét do vodo-
te¢e. Obdobnd situace panuje napt. pii havdrii cisterny nebo v pripadé zmd-
hdni pozéru. V tomto piipadé poskytuje systém odvodnéni tunelu vyssi stan-
dard ochrany Zivotniho prostedi, neZ je tomu na volné trase. Jednostranny
pri¢ny sklon vozovky 4,5 % odvéadi vodu z povrchu komunikace do $térbi-
nového zlabu a jednostrannym spadem k jiznimu portdlu, kde je voda jim4-
na do bezodtokové jimky. V pripadé zaplnéni jimky cisterny vodu dopravi do
nejblizsi Cistirny odpadnich vod, kde jsou necistoty odstranény a ekologicky
zlikvidovany.

NavrZené technické feSeni pocitd s jednotlivymi alternativami mozného
rizika zneci§tén{ a oproti volné trase dédlnice nadstandardné resi piipadné kri-
zové situace.

ZAVER

Béhem vystavby tunelu doslo z iniciativy projektanta realizaéni dokumen-
tace i zhotovitele k celé fadé zmén, které vychdzeji ze zahrani¢nich smérnic
a predpist i zkuSenosti z jiZ realizovanych tuneld mimo tizemi Ceské repub-
liky. Dal3{ zmény si vynutily sloZité geotechnické poméry v oblasti portdlu,
souvisejici s tipatni polohou tuneli, malou vyskou nadlozi a vét$i mocnosti
pokryvnych titvard. Upravy technologického vybaveni tunelu souviseji se
zménou norem a predpist v souvislosti s tragickymi havariemi v zahrani¢-
nich tunelech a smérnici 2004/54/ES Evropského parlamentu a Rady o mini-
mélnich bezpecnostnich poZadavcich na tunely na transevropské délni¢ni siti.
Na rozdil od piiportdlovych tsekii mimorddné priznivé geotechnické pod-
minky zastiZené v trase tunelu béhem vystavby umoznily pouZit ve veétsi Casti
razeného dseku tunelu nevyztuZené definitivni osténi. Ke zméndm doglo
i v mnoha dalSich konstrukénich detailech, které zlepsily funkcnost systému,
zjednodusily zpusob provadéni, a tim i vyrazné eliminovaly vznik chyb pfi
vlastni realizaci. Projedndvani navrhovanych zmén bylo mnohdy zdlouhavé,
ale po predloZeni potfebnych prukazu technické nebo ekonomické vyhod-
nosti navrZeného feSeni bylo mozné zmén dosdhnout. Komplikace prinesly
hned po zahdjeni stavby na podzim roku 2004 i nékolik mésict trvajici
obstrukce ekologickych aktivista, které zahdjeni vystavby posunuly do zim-
nich mésict a vzhledem ke klimatickym podminkdm v horské oblasti docas-
né znemozZnily pokra¢ovéni praci na odtéZovén{ stavebni jamy. DodrZen{ ter-
minu otevieni ddlni¢niho tseku se podafilo jen s mimordadnym nasazenim
vSech uCastniki vystavby a v neposledni fadé i diky pfiznivym klimatickymi
podminkami vystavby v zdvéru roku 2006.

Investorem stavby je Reditelstvi silnic a ddlnic CR, financovéni stavby
probihalo z 50 % z programu ISPA. Stavbu provadély ve sdruZeni firmy Met-
rostav a Skanska. Realiza¢ni dokumentaci zpracovala firma IKP Consulting
Engineers. Na projektech technologického vybaveni tunelu spolupracovaly
firmy Eltodo, Elpring a Satra.

Nové otevieny tsek dilnice délky 23,3 km vedouci z Usti nad Labem na
statni hranici SRN vytvaii spojnici Praha — Drazdany — Berlin a je diky koor-
dinaci praci s némeckymi kolegy pri vystavbé ddlnice A17 stavbou evrop-
ského vyznamu. Navrzené technické fesent, pouZité technologické postupy,
vybavenost tunelil i zajisténi bezpe¢nosti provozu tomu plné odpovidaji.

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s.r. o.

discharged to a watercourse. Similar situation occurs, for example, in the case of
a tanker accident or when a fire is being extinguished. In this case, the tunnel drai-
nage system provides a higher standard of environmental protection than that on the
open-surface route. The 4.5% single-sided transverse gradient of the roadway sur-
face drives water from the road surface to a slotted duct. The single-sided longitu-
dinal gradient gets water down to the southern portal, where it is collected in the
drainless sump. When the sump is full, the water is transported by tankers to the clo-
sest sewage treatment plant, where the pollutants are extracted and liquidated by
environmentally friendly methods.

The designed engineering solution allows for individual alternatives of the pos-
sible pollution risk and solves contingent critical situations in a manner which is
above-standard compared with that on an open-surface motorway route.

CONCLUSION

The author of the detailed design and the contractor initiated and implemented
numerous changes during the course of the construction, which were based on fore-
ign directives and regulations, as well as experience from the previously completed
tunnel constructions outside the Czech Republic. Other changes were necessary
because of complex geotechnical conditions in the portal areas, which were associ-
ated with the position of the tunnels at the foot of a hill, small height of the over-
burden and greater thickness of surface sediments. Changes in the tunnel equipment
resulted from changes in standards and regulations relating to the tragic accidents
in foreign tunnels and to the Directive 2004/54/ES of the European Parliament and
of the Council on minimum safety requirements for tunnels in the Trans — Europe-
an road network. As opposed to the portal sections of the tunnels, extremely favou-
rable geotechnical conditions were encountered throughout the remaining tunnel
length. They made the application of unreinforced concrete final lining possible wit-
hin a major part of the route. Changes were also made in many other structural
details. They improved the functionality of the particular system, simplified the con-
struction process, thus significantly eliminating occurrence of errors during the con-
struction work. The process of approving changes was often lengthy, but it was pos-
sible to achieve the approvals when the required proofs of technical or economic
profitability of the proposed solution had been submitted. Complications were cau-
sed at the beginning of the construction in the autumn 2004 by obstructions by eco-
activists, which even lasted for several months. They shifted the commencement of
the works to the winter season and, with respect to the climatic conditions existing
in the mountainous area, they temporarily made the work on the excavation of the
construction trench impossible. The deadline for the opening of the given motorway
section to traffic was met only owing to the extraordinary efforts made by all parti-
es to the project and, at last but not least, thanks to favourable climatic conditions
in the end of 2006.

The project owner is the Directorate of Roads and Motorways of the Czech
Republic; 50% of the project funding was from the ISPA. The tunnel was built by
a group of companies consisting of Metrostav a. s. and Skanska a. s. The detailed
design was carried out by IKP Consulting Engineers, with Eltodo, Elpring and Satra
collaborating on the tunnel equipment design.

The newly opened 23 3km-long section of the motorway leading from Usti nad
Labem to the border with Germany forms a connection between Prague, Dresden
and Berlin. Owing to the co-operation with German colleagues on the construction
of the A17 motorway it has become a construction of European importance. The
design, construction techniques, tunnel equipment and operational safety fully cor-
respond to this status. .
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