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PREJIMACI ZKOUSKY SYSTEMU VETRANI TUNELU
ACCEPTANCE TESTS OF TUNNEL VENTILATION SYSTEMS

PETR POSPISIL

ovoD

Systém vétrani tunelu je jednim z nejdaleZitéjSich systému, zajisthji-
cich bezpecnost v tunelech. Proto by poZadavky na kvalitativn{ kritéria,
hodnoceni a prejimaci zkousky mély byt velmi prisné.

V nérodnich predpisech pro technologické vybaveni silni¢nich tune-
10, napiiklad v némecké RABT nebo &eskych TP98, jsou pozadavky na
usporddéni systému vétrdni presné ureny. Systém, dany projektovou
dokumentaci, by mél t€émto predpisum odpovidat.

V praxi je dulezita funk&nost provedeného systému. Tento ¢ldnek se
zaméfuje na posuzovdni zafizeni vétrani tunelu a systém jeho fizeni,
zv14a§té vétrani silni¢niho tunelu s odsdvanim koure.

Po vétSinu Casu slouZi systém vétrdni k udrZzovani pfijatelné kvality
ovzdusi v tunelu. Porucha systému fizeni béhem normdlniho provozu
muZe mit za ndsledek $patnou kvalitu vzduchu a $patnou viditelnost
nebo velkou spotfebu energie. Nemd ale katastrofdlni nésledky.
Normalni postupy provozniho fizeni by se mély vyzkousSet v co nejvét-
$im predstihu pred otevienim tunelu, av§ak mohou se déle optimalizo-
vat v podminkdch dopravniho provozu.

Uziti systému, zajiSthjicich bezpecnost, obzvlasté poZzarniho vétrani,
bude potrebné jen velmi ziidka, ale potom musi byt naprosta jistota
jejich fungovani. Proto se musi cely systém pozdrniho vétrani zkouset
a optimalizovat pred otevienim tunelu. Zdvady v fidicim systému, které
nebyly objeveny ve fazi zkusebniho provozu, se za normélniho provozu
neprojevi, av§ak mohou mit fatdlni nasledky pti opravdové nehodé.

Ve fdzi zkusebniho provozu je mdlo Casu a v praxi se mnoho systému
nedd zkouset ve vech jejich detailech. V dusledku toho by se prejimaci
zkousky mély zaméfovat hlavné na pozdrni vétrdni v soucinnosti
s ostatnimi bezpe¢nostnimi systémy v tunelu.

RIZENI ODVADENI KOURE

U modernich systému vétrani tunelt je fizeni odvddéni koure sméro-
datné pro pozérni vétrani. At je to u dlouhych tuneld s odsdvanim koure
nebo u kritkych tuneld, kde pusobi pouze podélné vétrani, proudéni
vzduchu se v pripadé poZdru musi ovlddat. Toho se vSeobecné dosahuje
regulaci proudénf vzduchu v tunelu pomoci proudovych ventildtort nebo
vhanénim Cerstvého vzduchu, plniciho funkci aktudtoru, a méfenim rych-
losti proudéni vzduchu, kterd je proménnou v fizeném procesu.

U modernich systéma vétrdni tuneld jsou poZadavky na presné
a spolehlivé meteni proudéni vzduchu v tunelu a na fidici algoritmy
velmi ndroéné. Rychlost proudéni vzduchu se musi vyhodnocovat
pomoci nejméné tf na sobé nezavislych méreni téZe hodnoty, coz umoz-
ni kontrolu vérohodnosti méfent, kterd je v praxi velmi duleZitd.

KRITERIA PRO PREVZETI

Kritéria pro prevzeti, tykajici se funkénosti fidiciho systému, musi
byt presné urfena. V souasné dobé neexistuji zddné mezindrodn{
smérnice pro kritéria pro prevzeti systému vétrani tunelu.
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Obr. 1 Cyklus regulace
Fig. 1 Closed loop control

INTRODUCTION

Tunnel ventilation is one of the most important safety systems in
tunnels. Therefore, the demands for quality criteria, assessment and
acceptance tests should be strict.

In national guidelines for road tunnel equipment like for example
German RABT or Czech TP98, the requirements for the layout of ven-
tilation systems are well defined. The system according to project
documentation should correspond to these guidelines.

What counts in practice is the functionality of the realized system.
This article is focusing on the assessment of tunnel ventilation equip-
ment and its control system, particularly road tunnel ventilation with
smoke extraction.

Most of the time, the ventilation system serves to maintain an accep-
table air quality in the tunnel. A malfunction of the control system
during normal operation may result in bad air quality and visibility
conditions, or high energy consumption. Anyway, this has no fatal con-
sequences. The normal operation control routines should be tested out
before a tunnel is opened as far as possible, but they can be optimized
under traffic conditions.

The safety systems, particularly the fire ventilation, will be needed
very rarely, but then their function must be guaranteed for sure.
Therefore, the fire ventilation must be tested out and optimized entire-
ly before the opening of the tunnel. Any faults in the control system
which have not been discovered during the commissioning phase will
not appear in normal operation, but may have fatal consequences in
real incidents.

In the commissioning phase, time is short and in practice, many sys-
tems cannot be tested out in all the details. Consequently, the accep-
tance tests should focus particularly on the fire ventilation in coopera-
tion with other safety systems in the tunnel.

SMOKE CONTROL

In modern tunnel ventilation systems, smoke control is essential for
fire ventilation. Whether in long tunnels with smoke extraction or in
shorter tunnels with only longitudinal ventilation, the airflow in the
tunnel must be controlled in the case of fire. This is generally achieved
by a closed loop control, using jet fans or fresh air injection as actua-
tors, and the air velocity measurement as controlled process variable.

In state-of the-art tunnel ventilation systems, the requirements for
the precise and reliable measurement of the airflow in the tunnel and
for the control algorithms are very demanding. The air velocity must
be evaluated by at least three independent measurements for the same
value, enabling a plausibility check which in practice is very impor-
tant.

ACCEPTANCE CRITERIA

Acceptance criteria for the functionality of control system must be
defined. At the moment, there are no international guidelines for such
acceptance criteria for tunnel ventilation systems.

On the basis of the main goal, the control of the spread of smoke in
any possible case, detailed test scenarios for all possible states of the
control systems must be defined, including failure modes. For each of
these scenarios, acceptance criteria must be defined.

The tests include the function of single systems (like the ventilation)
as well as the integral cooperation of all tunnel safety equipment.

FIRE VENTILATION WITH SMOKE EXTRACTION

The 4.2 km long Gotschna tunnel on the bypass of Klosters,
a mountain holiday resort in Switzerland, is an example for a state-of
the-art tunnel ventilation system with smoke extraction. It has
a transversal ventilation system with two exhaust fans, an extraction
duct in the tunnels ceiling, equipped with controllable dampers, and jet
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Obr. 2 Koncepce poZdrniho vétrdni tunelu Gotschna
Fig. 2 Fire ventilation concept of Gotschna tunnel

Na zdkladé hlavniho cile, kterym je ovlddén{ $ifeni koufe ve viech
moznych piipadech, se musi definovat podrobné scéndfe zkouSek
viech moznych stavi systému fizeni véetné stava poruchy. Pro kazdy
z téchto scéndrl se musi definovat kritéria pro prevzeti.

Zkousky zahrnuji jak fungovéni jednotlivych systému (jako vétra-
ni), tak i dplnou soucéinnost vSech soucasti tunelového bezpecnostni-
ho systému.

POZARNI VETRANI S ODSAVANIM KOURE

Tunel Gotschna (4,2 km dlouhy) na obchvatu horského rekreacni-
ho stiediska Klosters ve Svycarsku je piikladem moderniho systému
vétrdni tunelu s odsdvanim koufe. Je to systém pri¢ného vétrani se
dvéma sacimi ventildtory, odsdvacim kandlem ve stropé tunelovych
trub, vybavenym ovladatelnymi klapkami a proudovymi ventildtory
v tunelové troub€. V piipadé pozdru se klapky v blizkosti mista poZa-
ru oteviou pro zajisténi mistniho odsévani{ koufe. Saci ventildtory pra-
cuji na plny vykon. Proudové ventildtory v tunelu se uZivaji pro fize-
ni podélného proudéni vzduchu, obzvlasté k tomu, aby umoZnily opti-
mdln{ odsdvéni koufe za v§ech moZnych okolnosti.

Sifeni koufe je uréovano potiteénim proudénim vzduchu v tunelu.
Toto proudéni je pohanéno ruznymi silami. Pistovy G&inek dopravy,
ktery je nejsilnéjsi béhem normalniho provozu, se snizuje, jelikoz
doprava se v pfipadé poZzdru nakonec zcela zastavi.

Po zji§téni nehody zacne mit, kromé kominového efektu v dusledku
teplotniho zatiZeni poZdrem a setrvacnosti pohybujictho se vzduchu
samého, VEt§{ vliv vitr, barometricky tlak a vSeobecny kominovy
efekt v dusledku rozdilu vnéjsich (venkovnich) a vnitinich teplot.
Spolu s uUlinkem ventildtord tyto sily urfuji proudéni vzduchu
v tunelu a musf se vyrovndvat tak, aby se §ifeni koufe dalo ovlddat.

Ve vysokohorskych klimatickych podminkdch tunelu Goschna
muZe byt kominovy dc¢inek velmi silny. Proudové ventildtory musi
vyrovnavat sily pres 200 Pa, aby bylo mozné dostate¢né odsédvani za
vSech podminek.

Bez vyrovndni téchto vnéjsich sil by byla ovlivnéna t¢innost odsa-
vani koure a, v extrémnich pfipadech, by kouf mohl i prochdzet kolem
otevienych klapek, aniZ by byl nasdvan. U podélného vétran{ by pri-
rozené sily mohly vést k rychlej$imu $ifen{ koure, naru$eni mozného
rozvrstveni, nebo dokonce ke zméné sméru §ifeni koufe proti unikaji-
cim osobam.

PREJIMACI ZKOUSKY VETRACIHO ZARIZENI

Pri tovérnich prejimacich zkouskéch se dé vykon tohoto zafizeni méFit
s relativné vysokou presnosti na zkuSebnich zafizenich, zv1asté pokud se
jedna o ventildtory a klapky. Tyto zkousky jsou dobre popsany mezina-

Obr. 3 ZkusSebni zarizeni pro ventildtor podle ISO 5801
Fig. 3 Fan test rig according to ISO 5801
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fans in the tunnel tube. In case of fire, the dampers in the vicinity of
the fire place are opened for local smoke extraction. The exhaust fans
operate at full capacity. The jet fans in the tunnel are used to control
the longitudinal airflow, particularly to enable an optimal smoke
extraction under all possible circumstances.

The spread of smoke is determined by the initial airflow in the tun-
nel. This airflow is driven by various forces. The piston effect of the
traffic, which is most powerful during normal operation, decreases
because the traffic will eventually stop in case of fire.

After detection of the incident, the wind, barometric pressure and
the stack effect due to temperature differences become more influenti-
al, beside the chimney effect by the thermal load of the fire, and the
inertia of moved air itself. Together with the effect of the mechanical
ventilation, these forces determine the airflow in the tunnel, and must
be compensated to control of the smoke spreading.

In the Gotschna tunnel, the stack effect in the high mountain clima-
te can be very strong. To enable a sufficient extraction under all con-
ditions, the jet fans must compensate forces of more than 200 Pa.

Without compensation of those external forces, the efficiency of the
smoke extraction would be affected, and in extreme cases the smoke
would even pass by the open dampers without being extracted. In lon-
gitudinal fire ventilation, natural forces could lead to a faster smoke
spreading, to the destruction of a possible layering, or even to the
change of direction of the smoke spread towards fleeing persons.

ACCEPTANCE TESTS OF VENTILATION EQUIPMENT

In factory acceptance tests, the performance of the equipment can be
measured with relatively high precision on test rigs, especially for fans
and dampers. Those tests are well defined by international regulations,
for example ISO 5801 for big fans and ISO 13'350 for jet fans. Hot
temperature tests for fire ventilation fans must be carried out according
to EN 12'101-3.

Because the real tunnel differs from the theoretical layout, measure-
ments of the installed equipment are even more important. This site
acceptance tests, thus the measurements in the tunnel, show not only
the performance of the equipment, but also whether the layout para-
meters supposed by the project engineer are realistic.

MEASUREMENTS IN THE TUNNEL

Typically, the following measurements should be carried out in
a tunnel with smoke extraction and jet fans, generally according to the
guideline ISO 5802:

- Operating points (Volume flow, pressure difference and power
demand) under all possible conditions of the big tunnel fans
(exhaust fans, eventually supply fans when existing).

- Critical operating points at stall of fans.

- Volume flow in the air duct at the most critical extraction point,
determining the true extracted value and the leakage of the air duct.

Volume flow in the traffic space at different velocities in both direc-

tions. This measurements serve to prove the performance of the jet
fans, as well as for the calibration of the installed air velocity equip-
ment. This calibration is of utmost importance for the use of the air
velocity measurement for the closed-loop control.

In tunnels with escape routes via cross passages or an escape tunnel,

the following values should be measured for all possible states of ope-
ration of the escape route ventilation:

Obr. 4 MéFici sit’v potrubi odsdvaciho vétrani
Fig 4 Measuring grid in exhaust air duct
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rodnimi predpisy, naptiklad ISO 5801 pro velké ventildtory a ISO 13'350
pro proudové ventildtory. Zkousky ventildtort poZarniho vétrdni na puso-
beni vysokych teplot se musi provadét podle EN 12'101-3.

JelikoZ skuteny tunel se li§i od teoretického usporadéni, jsou
méfen{ instalovaného zafizeni je§té duleZitéjsi. Tyto prejimaci zkous-
Ky in situ, to znamend méten{ v tunelu, ukazuji nejen vykon zafizenf,
ale i to, zda jsou projektantem ocekdvané parametry daného uspora-
ddnf redlné.

MERENI V TUNELU

Normélné by se méla v tunelu s odsdvdnim koure a proudovymi ven-
tilatory provadét néasledujici méfeni, obecné podle normy ISO 5802:

— Provozni body (objemovy prutok, rozdil tlaku a spotfeba energie) za
vSech moznych podminek velkych tunelovych ventildtora (saci ventild-
tory, pripadné privodni ventildtory, pokud existuji).

— Kritické provozni body pfi odtrhu proudéni ve ventildtoru.

— Objemovy prutok ve ventilaénim potrubi v nejkritict€j$im sacim
bodu, uréujici skute¢né odsdvané mnoZstvi a netésnost odsdvaciho
kanalu.

Objemovy prutok v dopravnim prostoru pri ruznych rychlostech

v obou smérech. Tato méfen{ slouZzi k prokdzani vykonu proudovych ven-
tildtora a ke kalibraci instalovaného mérictho zafizeni rychlosti proudé-
ni vzduchu. Tato kalibrace mé vrcholnou duleZitost pro pouZiti méfeni
rychlosti proudéni vzduchu pro tGlely regulace v uzavieném cyklu.

U tunelt s tinikovymi cestami vedoucimi pres tunelové propojky nebo
tinikovy tunel by se pro vSechny moZné provozni stavy vétrani tdniko-
vych cest mély méfit ndsledujici hodnoty:

— rozdil tlaku pres uzavrené dnikové dvete,

— rychlost proudéni vzduchu otevienymi inikovymi dvefmi,

— sila potfebn4 k otevieni tinikovych dvefi pii plném rozdilu tlaku.
POSOUZENI RIDICIHO SYSTEMU

Obecné zkuSenosti s fidicimi systémy ukazuji, Ze kazdy detail, ktery
neni dukladné vyzkousen, nebude v praxi fungovat. K tomu je nutno pfi-
hliZet pii zpracovan{ programu zkousek systému, zajistijicich bezpe¢nost
v tunelu. ZvI4ste by mély byt podrobeny zkouskam vSechny mozné poru-
chové stavy.

U pramérného, neprilis sloZitého tunelu by ¢as mezi dokoncenim viech
instalaci a uvedenim tunelu do provozu, vyhrazeny na podrobné zkousky
a odstranén{ zjisténych nedostatkl, nemél byt kratsi nez dva mésice.

Mnoho provoznich stavu se nedd ve skute¢ném tunelu tplné zkouset,
zvlaste v pifpadech modernizace, kde se musi mnoho zkouSek provadét
za provozu a ve velmi omezeném Case. Pro takové aplikace muZe byt
velmi uzite¢né pouZitf tunelového simuldtoru, coZ je matematicky model
fyzického tunelu, kde jsou simulace provadény na pocitaci, propojeném
s programovatelnym automatem (PLC).

RIZENI NORMALNIHO PROVOZU POMOCi TUNELOVEHO
SIMULATORU

Piikladem extrémnich naroku na normdlni provoz vétrani je Cross City
Tunnel v australské Sydney. Jedn4 se o priblizné 2 km dlouhy dvoutrub-
ni tunel s vjezdy a vyjezdy. Z divodu omezeni, souvisejicich s ochranou
Zivotniho prostredi, neni dovoleno, aby vzduch z tunelu nékdy vychazel
z nékterého z § portalu.

To je umoznéno sofistikovanym algoritmem fizen{ pro podélné prou-
déni vzduchu ve vSech vétvich, s pouZitim spfaZzenych Pl-reguldtoru,
pusobicich na proudové ventildtory a saci ventildtory. Rychlosti proudé-
ni vzduchu se méfi na vSech portédlech a jsou monitorovéany i na interne-
tu, coz umoznuje verejny dohled nad dodrZovéanim danych omezeni.

Pomoci tunelového simuldtoru se vyzkousely vSechny scéndfe pred
jejich aplikovanim ve skute¢ném tunelu. Po uvedeni tunelu do provozu
pracoval fidici systém uspokojivé, pouze s drobnymi Gpravami.

POSOUZENI RIZENI PROUDENI VZDUCHU

Reakéni doba systému fizeni proudéni vzduchu v pifpadé poZaru musi
byt co nejkratsi, avSak prehnand reakce (obrat v proudéni vzduchu) je
nepfijatelnd. Proudén{ vzduchu musi byt stabilizovdno mezi pripustnymi
limity pro vSechny mozné zmény vnéjsich sil. Aby se tohoto cile dosah-
lo, musi se parametry cyklu uzaviené regulace optimalizovat.

I kdyz jiz byly vSechny moZné scénére a soubory parametri vyzkou-
Seny pomoci tunelového simulétoru, ty nejkritictéjsi stavy by se mély
vyzkouset v tunelu. Pro simulaci vnéjsich sil se hodi mobilni reverzibil-
ni ventildtor s proménlivou rychlosti otdcek.

Vsechny mozné vnéji sily a prechodné stavy béhem néhlych zmén
téchto sil by se mély simulovat sériemi zkousek, které se maji provadeét.

Obr. 5 MéFici sit’v dopravnim prostoru
Fig 5 Measuring grid in traffic space

- pressure difference over closed escape doors
- air velocity through open escape doors
- force to open the escape doors at full pressure difference

ASSESSMENT OF THE CONTROL SYSTEM

General experience with control systems shows that every detail
which is not tested out thoroughly will not work in practice. This must
be taken into account when working out a test program for tunnel safe-
ty systems. Especially all possible failure modes should be tested out.

In an average, not too complex tunnel, the time reserve for detailed tests
and the improvement of discovered faults should be at least two months
between finishing of all installations and the opening of the tunnel.

Many states of operation cannot be tested out fully in the real tun-
nel, especially in refurbishment projects, where many test must be car-
ried out under traffic and the time is very limited. A tunnel simulator,
which is a mathematical model of the physical tunnel running on
a computer connected with the PLC, can be very useful for such appli-
cations.

NORMAL OPERATION CONTROL WITH TUNNEL SIMULATOR

An example for extreme demands for normal operation ventilation
is the Cross City Tunnel in Sidney, Australia. It is an approx. 2 km long
double tube tunnel with entrances and exits. Due to environmental
restrictions, it is not admitted that tunnel air exits from one of the 8
portals at any time.

This is enabled by a sophisticated control algorithm for the longitu-
dinal airflow in all branches, using coupled PI controllers acting on the
jet fans and exhaust fans. The air velocities are measured at all portals
and monitored even on the internet, enabling the public to supervise
the fulfilling of the restrictions.

By using a tunnel simulator all scenarios were tested out before
being applied in the real tunnel. After opening of the tunnel, the con-
trol system worked satisfyingly with only minor adjustments.

Obr. 6 Systém vétrani tunelu Cross City Tunnel v Sydney
Fig. 6 Ventilation system of the Cross City tunnel in Sidney
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RTV -
Tunnelsimulator

Obr. 7 Tunelovy simuldtor
Fig. 7 Tunnel simulator

Aby se posoudila funkénost fizeni, zaznamendva se béhem téchto zkou-
Sek rychlost proudéni vzduchu na obou strandch sdni.

Pokud zkousky ukéZi na zdvazné selhdni fidictho systému, musi se
parametry upravit a po provedeni vylepSeni se musi zkousky provést

Znovu.

POZARNI ZKOUSKY A ZKOUSKY KOUREM

Pozérni zkousky a zkousky kourem se mohou provadét po tspésném
dokonéeni vSech vySe uvedenych zkousek a po odstranéni vSech vad.
Pred tim se musi dikladné ovéfit d¢innost poZdrniho vétrdni. PoZdrni
zkousky a zkousky koufem slouZi pouze jako vizualizace d¢innosti
pozérniho vétrani, nikoliv vSak jako primarni zkouska.

Kromé toho se tyto zkousky daji pouzit i pro posuzovéni detekéniho
zafizen{ (tepelnd a kourovd Cidla) a nedilné reakce na zjisténi pozdru
(kterd by se také méla zkouSet pfedem). Mohou se pfi nich cvicit
i jednotky pozérni ochrany a provozni persondl.

U skute¢ného pozaru muze vznikat velké mnoZstvi tepla a kourte, které
muZe mit vliv na osoby i instalace v tunelu. PoZérni zkouska, odpovida-
jici navrZzenému systému poZzdrniho vétrani (napt. na 30 MW) by vyza-
dovala velmi nékladnd opatfeni na ochranu nebo obnovu tunelu v oblasti
ohniska pozaru.

Z tohoto diivodu se doporuluje, aby se pro vizualizaci odsévéni koute
pouzivalo ekvivalentni mnoZstvi studeného koufe. Zkousky studenym
koufem se daji provadét s vynaloZenim malého usili. T kdyZ jsou jeho
fyzikalni vlastnosti odlisné od horkého koute, je studeny kour pouZitelny
pfi zkouskach odsdvani koure. Jeho odsédvani je dokonce naro¢néjsi, jeli-
koZ u néj nedochdzi k Zddnému nebo jen nepatrnému vrstven.

Pohyb ¢el kourové clony by se mél zaznamendvat a je mozné ho uka-
zovat v zdvislosti na rychlostech proudéni vzduchu v tunelu a na stavech
pozarniho vétrani.

Pro tcely zkousek tepelnych cidel a pro vycvik jednotek pozarni ochra-
ny se muze dodatecné vyvolat skute¢ny poZar, s omezenym poZarnim zati-
Zenim (napriklad 5 MW) a proto s relativné malym vyvinem koufe.

ZAVERECNE POZNAMKY

V poslednich létech mnohé evropské zemé prijaly nové smérnice pro
usporaddn{ systému tunelového vétrani, které se zaméfuji na usporadéan{
pozérniho vétrdni. Tyto smeérnice stanovi standardy pro zpracovéni pro-
jektu. Co se ty¢e funk&nosti zafizeni a jeho fidiciho systému v praxi, pro

P

jeho hodnoceni Zadné predpisy neexistuji.

Obr. 8 Mobilni ventildtor v tunelu
Fig. 8 Mobile fan in tunnel

ASSESSMENT OF AIRFLOW CONTROL

For the airflow control in case of fire, the reaction time must be as
short as possible, but an over-reaction is not acceptable. The airflow
must be stabilized between admissible limits for all possible variations
of external forces. The parameters of the closed-loop control must be
optimized to achieve this goal.

Even when all possible scenarios and sets of parameters have been
tested out with a tunnel simulator, the most critical states should be tes-
ted in the tunnel. For the simulation of external forces, a mobile fan
with variable rotational speed and direction is useful.

All possible external forces and transients during abrupt changes of
these forces should be simulated in a series of tests to be carried out.
During these test, the air velocity on both sides of the extraction is log-
ged to assess the functionality of the control.

If the tests show critical failures of the control systems, the parame-
ters must be adjusted and the tests must be worked out again after the
improvements.

FIRE AND SMOKE TESTS

Fire and smoke tests can be carried out after all previous test have
been completed successfully and all defects have been eliminated. The
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Obr. 9 Rychlosti proudéni vzduchu béhem zkousek
Fig 9 Air velocities in tunnel during tests
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Obr. 10 Zkouska kourem
Fig 10 Smoke test

Obr. 12 PoZdrni zkouSka
Fig 12 Fire test

V minulosti se zafizeni v mnoha tunelech dukladné nezkousela. To
mélo Katastrofaln{ nasledky pri skute¢nych nehoddch, pri kterych doslo
k pozaru.

Pro zkousSeni a posuzovani bezpecnostnich zafizen{, obzvlasté co se
tykd vetrani tunelu a tnikovych cest, se od samého polétku planovani
musi politat s priméfenou Casovou rezervou, ale i s rezervou
v organizaci, financovani a v lidskych zdrojich. Tato rezerva se nesmi
zrusit z divodu nedostatku ¢asu v posledni fazi vystavby.

Zatizeni, které se dukladné nevyzkousi, vede k riziku, které se nedd
kalkulovat. Pokud by se tiplné posouzeni bezpecnostniho systému neda-
lo zarudit, bylo by lepsi cely systém vypustit a napldnovat néjaky jedno-
dussi.
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Obr. 11 PoZdrni vétrdani, rychlosti proudéni vzduchu a pohyb cela kourové
clony
Fig 11 Fire ventilation, air velocities and movement of smoke front

effectiveness of the fire ventilation must have been tested out tho-
roughly before. Fire and smoke tests serve only as a visualization of
the effectiveness of the fire ventilation, but not as its primary test.

Beside that, those tests can be used for assessment of detection equ-
ipment (heat and smoke sensors) and integral fire response (which
should have been also tested out before). Also, the fire brigade and
operation personal can be trained.

With a real fire, big amounts of heat and smoke can be generated,
which would affect persons as well as the installations of the tunnel.
A fire test according to the layout of fire ventilation (for example
30 MW) would demand very expensive protection measures Or
a refurbishment of the tunnel in the fire zone.

Therefore, it is recommended to use an equivalent amount of cold
smoke for the visualization of the smoke extraction. Such cold smoke
tests can be carried out with little effort. Although the physical pro-
perties are different from hot smoke, cold smoke is useful for testing
out a smoke extraction. It is even more demanding for the extraction
because there will be no or little stratification.

The movement of the smoke fronts should be registered and can be
shown in relation to the air velocities in the tunnel and the states of fire
ventilation.

To test the heat sensors and to train the fire brigades, a real fire with
a limited load (for example 5 MW), but relatively little smoke produc-
tion, can be carried out additionally.

FINAL REMARKS

In the last years, new guidelines for the layout of tunnel ventilation
systems have been adopted in many European countries, focusing on the
layout of fire ventilation. These regulations set standards for the workout
of a project. Regarding the functionality of the equipment and its control
system in practice, there are no regulations for its assessment.

In the past, the equipment in many tunnels was not tested out tho-
roughly. In real fire incidents, this had fatal consequences.

For the testing and assessment of the safety equipment, especially
the tunnel and escape way ventilation, an adequate time reserve as well
as organizational, financial and personal resources must be foreseen
from the beginning of the planning, and must not be cancelled due to
lack of time in the last phase of a project.

Equipment, which is not tested out thoroughly, leads to a risk which
cannot be calculated. When the full assessment of a safety system can-
not be guaranteed, it would be better to omit the whole system and plan
a simpler one.
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