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SNIZOVANI NAKLADU A ZVYSOVANI BEZPECNOSTI SILNICNICH
TUNELU

REDUCING COSTS AND IMPROVING SAFETY OF ROAD TUNNELS

PETR POSPISIL

ovoD

Soucasné investice do silni¢ni a Zelezni¢ni infrastruktury
jsou v mnoha zemich zpochybnovéany. Naptiklad Svycarskd
federdlni vlada oznamila, Ze prostfedky na provoz a tdrzbu sil-
niéni a Zelezni¢ni infrastruktury dochézeji. V Austrélii zbank-
rotovala fada soukromé financovanych tuneli. V Ceské repub-
lice v posledni dobé vedly politické tlaky k masivnimu sniZo-
véni rozpo&td. Rada pifkladd podobnych problémi existuje
i v dalSich zemich.

Jednim z aspektu, které zvySovaly ndklady mnoha staveb,
jsou nové bezpecnostni standardy. Normativni smérnice pro
bezpecnostni vybaveni tunell, obzvlasté vétrani, byly vytvore-
ny po nekolika pozarech v evropskych silni¢nich tunelech pred
vice neZz deseti lety, hlavné s odvoldnim na poZdry v tunelu
Mont Blanc a Tauernském tunelu v roce 1999. Predpoklada se,
7e tunely odpovidajici novym smérnicim se povazuji za bez-
pecnéjsi nez staré tunely. AvSak ne vSechny pozadavky skute¢-
né vedou k bezpe¢néj$im tunelim. Do jisté miry se velké Cdst-
ky vynaklddaji na investice a provoz zafizeni, které velmi malo
prispivaji ke zvySovani bezpe€nosti a ani nepfindseji zlepSeni
v ostatnich smérech. Spatnd kvalita praci je naneitésti béznd
a bezpecnostni vybaveni ¢asto neni kompletné vyzkousené.

Smérnice se Casto chdpou jako striktni zdkony. V pripadé
jakékoli Skody v dusledku havérie v tunelu vyZzaduji mistni
urady a pojistovny soulad s platnymi smérnicemi a normami,
bez ohledu na jejich uZite¢nost. Toto mySleni muze ve skutec-
nosti bréanit jakémukoli zlepSovani. Z toho duvodu je potfebné,
aby tyto smérnice a normy byly pfepracovény.

Pozadavky na bezpecnostni opatfeni vedouci k tak vysokym
nakladiim, Ze se vystavba tunelu zpoZduje nebo se od ni kvili
finanénim omezenim ustupuje, by se mély zpochybnit a mély
by se porovnat hlavni pfinosy tunelu jako takového, jako jsou
zvySeni bezpecnosti a kapacity tunelu optimalizaci trasovani
tunelu nebo sniZzeni dopadu na Zivotni prostredi v porovndni
s komunikaci ve volném terénu.

Namisto ndsledujicich zdvaznych pfedpist se navrhuje hod-
noceni bezpecnostnich opatfeni na zdkladé rizik. Bezpeénostni
opatieni by se méla posuzovat podle ndkladt na jejich realiza-
ci a jejich pfinosu, pomoci odhadu ndkladu na zachrdnény Zivot
a ndkladu na odvréceni $kody. V tomto ¢ldnku je ukdzan prak-
ticky pristup ke sniZovédni ndkladu soucasné se zvySovanim
bezpecnosti.

CILE OCHRANY

Hlavni cile jakychkoli bezpeénostnich opatfeni jsou, v poradi
podle dulezitosti, nasledujici:

1. Na prvnim misté predchédzet nehoddm.

2. Minimalizovat §kody na Zivotech a zdravi osob zicastné-
nych na nehodé¢, pokud k ni skute¢né dojde.

3. Chranit konstrukci tunelu samotného, pokud je to pro dany
tunel povazovéno za duleZité.

INTRODUCTION

The current investments in road and rail infrastructure are
being questioned in many countries. As an example, the Swiss
Federal government announced that the means for the operati-
on and maintenance of the road and rail infrastructure are run-
ning short. In Australia, many privately financed tunnels went
bankrupt. In the Czech republic, recent political pressure lead
to a massive cut in budgets. There are many other examples of
similar problems in other countries.

One of the aspects that raised costs in many projects are new
safety standards. Prescriptive guidelines for tunnel safety equ-
ipment, particularly ventilation, have been developed after
some serious fire incidents in European road tunnels more than
a decade ago, with particular reference to the Mont Blanc and
Tauern tunnel fire incidents in 1999. Tunnels which comply
with the new guidelines are assumed to be safer than older tun-
nels. However, not all of the requirements actually lead to
safer tunnels. To some extent significant sums are spent on
investment and operation of facilities, which contribute very
little to enhancing the safety, nor does it bring about improve-
ments in other aspects. Poor workmanship is unfortunately
common, and often the safety equipment is not even fully tes-
ted.

Guidelines are often understood as strict laws. In case of any
damage due to an incident in a tunnel, legal authorities and lia-
bility insurances ask for compliance with current guidelines
and norms, regardless of their usefulness. This thinking may
actually impede any improvement and progress. Therefore, the
guidelines and norms must be reformed.

The demand for safety measures which lead to such high
costs that the construction of the tunnel is delayed, or even
cancelled due to financial restraints, should be questioned and
compared with the principal benefits of the tunnel itself, like
improving traffic safety and capacity by optimising road align-
ments, or reducing the environmental impact in comparison
with an open road.

Instead of following prescriptive regulations, a risk based
evaluation of safety measures is proposed. Those measures
should be assessed by their costs and benefits by estimations
of 'costs per life saved', and 'cost of avoided damage'.
A practical approach to reducing costs while improving safety
is presented in this article.

PROTECTION GOALS

The main goals of any safety measures are, in order of
importance:

1. To prevent incidents in the first place

2. To minimise damage to life and health of the involved
persons if an incident does occur

3. To protect the tunnel structure itself, if deemed important
for the particular tunnel

The first goal may be achieved by systemic and structural
provisions, traffic management and by informing and educating
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Prvni cil muZe byt dosazen systematickymi a konstrukénimi
opatfenimi, fizenim dopravy a informovanim i vzdélavanim
fidi¢u. Tento &ldnek je zaméfen na technickd opatfeni, obzvlas-
té na dnikové trasy a vétrani, které slouzi druhému a tfetimu cili
poté, co doslo k mimoradné udélosti.

Pro kaZdy hlavni cil se daji definovat konkrétni cile ochrany,
napiiklad aby se osobdm v tunelu po vypuknuti poZaru umoz-
nil dnik do nezakourené zény pred tim, nez dorazi jakdkoli
pomoc (sebezdchrana). Tento scéndr vede k pozadavku na
mozné fizeni odvodu koure.

HODNOCENI RIZIK

V uplynulych letech byla vypracovana rada analyz rizik pro
silni¢nf tunely, vytvorilo se hodné modela a napsalo se mnoho
literatury k tomuto problému. Dobry prehled se dd nalézt
v dokumentu PIARC [1] a v &eskych TP 229 [2]. Nékteré
z pouZitych programu jsou zaloZené na standardnich tabulko-
vych procesorech, které pro tento druh pouziti nejsou nijak
zv14ast' uzite¢né [7]. Piikladem vhodné pouZitelného ndstroje je
TURAM [8], ktery je sofistikovanym standardizovanym pro-
gramem pro posuzovani silni¢nich tunelti. Byl jiz dspé$né pou-
Zit pii posuzovani mnoha tuneli ve Svycarsku a Némecku [9].

Obecné zavery hodnoceni rizik se daji shrnout takto:

— Nejvyssim rizikovym scéndfem je srazka.

— Druhym rozhodujicim rizikem je poZar v tunelu, ktery je
o jeden rad nizsi, neZ je riziko srdzky.

Pravdépodobnost srdZek a pozdra je obvykle v pifimém vzta-
hu k délce tunelu, zpusobu dopravy (tj. jednosmérny nebo
obousmérny provoz), hustot€ dopravy a procentu tézkych
ndkladnich vozidel. Dalsi vliv na pravdépodobnost pozdra mad
podélny sklon pfilehlych komunikaci, jelikoZ vede k prehfivani
motord a brzd.

Dals{ scéndre, jako je rozliti nebezpecnych latek nebo vybu-
chy, jsou mnohem méné pravdépodobné. Pro posuzovani
jakychkoli redlnych pravdépodobnosti takovych uddlosti
nejsou k dispozici zadnd data. Presto jsou uzite¢né pro srovna-
vani rizik riznych feSeni, obzvlasté co se tyce povoleni prepra-
vy nebezpecnych latek.

Z toho davodu se bezpecnost tunelu fidi prvoradé rizikem
srazek a rizikem pozara. Tato kritéria jsou definovdna napii-
klad v némeckém ,,prvni krok* hodnoceni rizik [3]. Existuje
pouze nékolik tunell, ve kterych dochdzi opakované k po-
Zarum se statisticky relevantn{ frekvenci. Pfiklady takovych
tuneld jsou:

— V tunelu Elbe v Hamburku (Némecko), ktery ma étyfi tune-
lové trouby o délce asi 3 km a intenzita dopravy v ném je
vy$8i nez 120 000 vozidel za den, dochézi v pruméru k 7
pozaram za rok. Od uvedeni tunelu do provozu v roce 1975
v ném v dusledku poZdru nedoslo k Zddnym zranénim.

— Silni¢ni tunel Gotthard (Svycarsko) je obousmérny
s délkou kolem 17 km a intenzitou dopravy 17 000 vozidel
za den. Pfed rokem 2002 v ném dochdzelo prumérné ke
Styfem poZzdrum za rok. Po katastrofdlnim poZzaru 24. 10.
2001 se za pomoci pfisnych opatfeni v fizeni dopravy Cet-
nost poZzdru snizila. Pfesto k poZzdrum v tomto nejdel3im
alpském tunelu stale pravidelné dochazi.

Takové ,,vysoce rizikové* tunely vyzaduji vySsi droven bez-
pecnostnich opatfeni ve srovnani s pramérnym tunelem.
Nicméné vétSina pozdru nevede k Zddnym zranénim. Nékteré
poZary v tunelech ani nejsou zaznamendny. V mnoha tunelech
nebyly zaznamenény vubec Z4dné poZzéry po celou dobu jejich
existence. V téchto pripadech by jakdkoli opatfeni ke sniZeni
rizika pozaru mohla byt pokldddna za spornd.
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drivers. This article focuses on technical measures, particularly
escape routes and ventilation, which serve the second and third
goals after the occurrence of an incident.

For each main goal, specific protection goals can be defined,
e.g. to enable the persons in the tunnel to escape in a smoke
free zone after the breakout of a fire, before any assistance
arrives (self rescue). This scenario leads to the demand for
possible smoke control.

RISK ASSESSMENT

Many risk analyses for road tunnels have been worked out in
previous years, a number of models have been established and
a lot of literature has been written about the issue. A good ove-
rview can be found in the PIARC document [1] and Czech TP
229 [2]. Some of the applied programs are based on standard
spreadsheet programs, which are not particularly useful for
this type of application [7]. An example of a suitably appli-
cable tool is TURAM [8], which is a sophisticated standardi-
sed program for the assessment of road tunnels. It has been
successfully used for the assessment of many tunnels in
Switzerland and Germany [9].

The general conclusions of risk assessments can be summa-
rised as follows:

— The highest risk scenario is a collision.

— The second authoritative risk is a tunnel fire, with a risk of

one magnitude lower than the collision risk.

The probability of collisions and fires is usually directly
related to tunnel length, traffic management (i.e. unidirectional
or bidirectional), traffic volume and percentage of heavy
goods vehicles. The slope of the adjoining roads has an additi-
onal influence on the probability of fires, leading to a possible
overheating of engines and brakes.

Other scenarios, like spilling of dangerous substances, or
explosions, are much less likely. There is no data available to
evaluate any realistic probabilities of such events.
Nevertheless, they are useful for comparative risk assess-
ments, particularly regarding the permission to carry dange-
rous goods.

Therefore the safety of a tunnel is governed in the first
order by the risk of collisions and the risk of fires. These cri-
teria are defined, e.g., in the German 'first step' safety assess-
ment [3]. There are only a few existing tunnels in which fires
occur with a statistically relevant frequency. Examples of
such tunnels are:

— The Elbe tunnel in Hamburg (Germany), consisting of 4
tubes with a length of approx. 3 km, and more than
120'000 veh/day, has an average of 7 fire incidents per
year. Since the opening of the tunnel in 1975, there have
been no casualties due to fires.

— The Gotthard road tunnel (Switzerland), consisting of
a single tube with a length of approx. 17 km, and 17'000
veh/day, had an average of 4 fire incidents per year before
2002. After the catastrophic fire on the 24.10.2001, the fire
incident rate has been reduced with the aid of strict traffic
management measures. Fires do, however, still regularly
occur in this longest alpine tunnel.

Such 'high risk' tunnels require a greater level of safety mea-
sures when compared to the average tunnel. Nevertheless, the
majority of fire incidents do not lead to any casualties. Some
fires in tunnels are not even recorded. In many tunnels there
have been no recorded fire incidents at all over their operating
lifetime. In these cases, any measures to reduce fire risk might
be questioned.

For a detailed risk assessment, many other aspects would
have to be considered. Besides the operational risk of a road
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Pro podrobné hodnoceni rizik by se musela vzit do tvahy tunnel, the risks during construction and implementation, as
spousta dalSich hledisek. Vedle provozniho rizika silni¢niho well as for maintenance works need to be taken into account.
tunelu je zapotfebi podéitat s riziky v prabéhu vystavby In many cases, the average number of casualties during tunnel
a uvadéni do provozu i pfi pracich na ddrzbé. V mnoha pripa- construction is of approximately the same magnitude as it is
dech je prumérny poclet zranéni v prubéhu vystavby pfiblizné during the tunnel operation. Particularly when refurbishing
stejné velky jako v prubéhu provozu tunelu. Zv14sté pfi rekon- existing tunnels to meet new safety standards, the resulting
strukcich stdvajicich tuneld tak, aby odpovidaly novym bez- traffic obstructions can increase the risk to drivers.
pe¢nostnim standardim, mohou vysledné dopravni prekdzky Any risk analysis is based on simplification. Only expert
zvySovat riziko pro fidice. knowledge can assure that the 'right' assumptions and simpli-

KaZd4 analyza rizik je zaloZena na zjednoduieni. Pouze fications are applied.
odbornd znalost muZe zajistit, aby se pouzily spravné predpo-
klady a zjednoduSeni. SCENARIO ANALYSIS

In many basic Risk Analysis models, consequences are
ANALYZA SCENARU based only on simple assumptions; e.g. a tunnel with smoke

U mnoha modeld analyzy rizik jsou disledky zaloZeny extraction is considered to be safer than one with pure longi-

pouze na predpokladech, napriklad tunel s odsdvdnim koufe se tudinal ventilation. This approach may lead to wrong conclu-

sions.

For a detailed assessment of the fire risk and to quantify the
consequences of fires, a scenario analysis would have to be
performed by combining a dynamic model of smoke spread in
the tunnel with an evacuation model (simulation of self rescue
of people in the tunnel). In some special cases, structural
damages might be included in the model.

Probable and critical scenarios must be evaluated, preferab-
ly by an event tree analysis, and are to be simulated for all
variants [11]. In any case, practice shows that worse scenari-
os can occur, of which nobody has previously thought of.

Variants of useful measures, e.g. different ventilation sys-
tems and distances between escape routes are defined, as is
described later in this article. This may lead to dozens or even
hundreds of simulation sets. Such simulations are performed
reasonably well using a one-dimensional simulation tool. Of
course, the simulation tool chosen must be validated against
measured data.

3-D modelling using Computational Fluid Dynamics (CFD)
is generally not useful for such applications. A tunnel is in the
first order a one-dimensional system. CFD simulations are
quite time consuming, therefore limiting the number of simu-
lations, and can be difficult to validate. On the other hand,
CFD is a powerful instrument to investigate special problems,
such as flow conditions within complex geometries, or strati-
fication phenomena.

Simulation tools can very effectively show how persons may
be exposed to smoke during fire incidents. They are also effec-
tive at showing where the limits of the ventilation measures
are, by taking into account the delay of detection and dynamic
behaviour of flow conditions after the start-up of the fire ven-

povaZuje za bezpecnéj$i nez tunel, ktery md pouze podélné
vétrani. Tento pristup muZe vést k nespravnym zavérum.

Pro podrobné hodnocent rizik a pro kvantifikaci ndsledku poza-
ri by se musela vypracovat analyza scéndia pomoci kombinace
dynamického modelu Sifeni koufe v tunelu s modelem evakuace
(simulace sebezachrany lidi v tunelu). V nékterych zvlastnich pri-
padech by se do modelu mohly zahrnout i Skody na konstrukcich.

Pravdépodobné a kritické scéndfe se musi vyhodnocovat
hlavné pomoci analyzy stromu uddlosti. Maji se simulovat pro
v8echny varianty [11]. V kazdém pripadé praxe ukazuje, Ze se
mohou vyskytnout jes§té hor$i scéndre, na které drive nikdo
nepomyslil.

Varianty uZite¢nych opatfeni, napiiklad ruzné systémy vét-
rani a vzdalenosti mezi Unikovymi cestami, jsou definovany
tak, jak je popsdno ddle v tomto ¢ldnku. To muZe vést
k desitkdm nebo i stovkdm simula¢nich soubora. Tyto simula-
ce se provadeji primérene dobfe pomoci jednorozmérného
simulaéniho ndstroje. Samozfejmé zvoleny simulaéni ndstroj
se musi potvrdit srovndnim s naméfenymi daty.

Modelovani 3-D pomoci vypocetni dynamiky kapalin
(Computational Fluid Dynamics, CFD) obecné nenf pro tako-
vé aplikace uzite¢né. Tunel je v prvni fadé jednorozmérny
systém. Simulace CFD jsou ¢asove dost ndro¢né, takze ome-
zuji polet simulaci a mohou byt téZko potvrditelné. Na druhou
stranu CFD je mocny néstroj pro vySetfovani specidlnich pro-
blému, jako jsou podminky proudéni ve sloZitych tvarech nebo
jevy stratifikace koure.

Simula¢ni ndstroje mohou velmi G¢inné ukézat, jak mohou
byt osoby v pribéhu pozdru vystaveny dcinkim koufe. Jsou
také u¢inné pri zjistovani, kde jsou hranice opatfeni pro vetra-

ni tim, Ze pfihlizeji k prodleni ve zjisténi poZdru a k dyna- tilation system. Not all persons who are exposed to smoke are
mickému vyvoji podminek proudéni po spusténi systému assumed to die, but with some simple assumptions about toxi-
pozarniho vétrani. Nepredpoklddd se, Ze by vSechny osoby, city and exposure time, the number of resulting casualties can
které jsou vystaveny G¢inkiim koufe, zemiely, aviak pfi néko- be assessed for each scenario and each variant.

lika jednoduchych predpokladech, co se tyka toxicity a doby
expozice, se da pro kazdy scéndr a kazdou variantu odhadnout MEASURES

ocet vyslednych zranéni. . . ) .
p y Y The most important measures to improve fire safety in road

tunnels are listed as follows:

OPATRENI e Traffic management
Seznam nejduleZitéjsich opatieni ke zvySeni poZzdrni bezpec- Enabling free flowing unidirectional traffic is the most
nosti v silniénich tunelech je néasledujici: effective measure, reducing the collision risk significantly and
e Zpusob dopravy reducing also the demands for ventilation and escape routes.
Umoznéni volného proudu dopravy v jednom sméru je to Because this usually requires the construction of an additional
nejucinn€jsi opatfeni, které podstatné sniZzuje riziko srazky tunnel tube, it is also the most expensive measure.
a také zmenSuje ndroky na vétrdni a dnikové cesty. Jelikoz to Measures limiting the traffic, like drop systems or alterna-
Casto vyzaduje stavbu dalsi tunelové trouby, je to také to nej- ting unidirectional traffic in single tube tunnels improve safe-

ndkladnéjsi opatieni. ty without any investment, but obstruct the traffic on adjoining
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Opatieni k omezeni dopravy, jako jsou ddvkovaci systémy
nebo stfidavd jednosmérna doprava v jedné tunelové troube,
zvySuji bezpecnost bez jakychkoli dalSich investic, av§ak pre-
kazeji dopravé na prilehlych komunikacich. Vysledné snizen{
kapacity komunikace nemusi byt politicky pruchodné a muze
byt pouzitelné pouze docasné.

* Tunelovi dispeceri a systémy Fizeni

Kdyz za spravnou reakci na nehodu odpovidaji tunelovi dis-
peceri, mély by byt pozadavky na vyber, vzdélavani, vycvik
a pravidelnd cvifeni dispeCeri velmi pfisné. To ale vede
k velkym vydajom. Mus{ se poé&itat i s rizikem lidské chyby.
Z toho duvodu se po&itd s automatickou reakci fidiciho systé-
mu. Tunely by mély byt schopné pracovat autonomné pomoci
svych fidicich systémua s tim, Ze zdsah dispeCera potfebuji
pouze v mimoradnych pripadech. V tomto sméru nemd zfizo-
vani fidicich center s obsluhou u kazdého tunelu velky smysl.
Lepsi je, kdyZz muZe centrdlni fidici stfedisko mit dohled nad
skupinou tuneli. Vy3e uvedené tunely s velkym rizikem
mohou byt vyjimkou.

¢ Kratké vzdalenosti mezi inikovymi cestami

V tunelech s obousmérnou dopravou anebo s jednosmérnym
provozem, kde dochazi k dopravnim zdcpam, krat$i vzdale-
nosti mezi Unikovymi cestami podstatné zlepSuji schopnost
uniku ve fazi sebezachrany. Umoznuji i lep$i pfistup zachran-
nych jednotek ve druhé fazi.

U hloubenych tuneli se dvéma troubami a délici sténou
nevyzaduje vytvoreni propojeni mezi tunelovymi troubami
vysoké dodate¢né ndklady. Spojeni mezi dvéma raZenymi
tunely je mnohem ndkladnéj$i a samostatné unikové tunely pro
jednotrubni tunely jsou dokonce jesté drazsi.

* Detekce mimoradné udalosti

Detekce koure zaloZend na méfeni viditelnosti v tunelu se
ukdzala jako nejucinnéj$i a nejspolehlivéjsi metoda detekce
pozara. Investi¢ni ndklady a ndklady na ddrZbu jsou u této
metody nizké. Dokonce i v tunelech bez vétrdani nebo jinych
zafizenich umoznuje rychld detekce uzavreni tunelu a rychlé
zmobilizovani zdchrannych jednotek.

Detekce pozaru linedrnimi tepelnymi ¢idly je ve vétsiné pri-
padu piili§ pomald, a Cidla nejsou schopnd zjistit doutnajici
pozéry. Detekce pozdru videokamerami je velmi nespolehlivd
a ma se pouZivat pouze pro upozornéni dispeeru.

e Podélné vétrani s pevnym nastavenim

Jednd se o nejjednodussi systém vétrani, ktery se hodi hlav-
né do tuneli s volnym proudem jednosmérné dopravy,
u kterych nezdleZ{ na jejich délce. Cilem je hnat kouf jednim
smérem k vyjezdovému portdlu tunelu a vytvaret nezakoure-
nou bezpecnou zdénu, ve které jsou zablokovdna vozidla
s pasazéry.

« Rizené podéIné vétrani

U tuneld s obousmérnou dopravou anebo s jednosmérnym
provozem, kde dochazi k dopravnim zacpam, musi byt proude-
ni vzduchu fizeno, aby se zabranilo zméné ve sméru proudéni
a zpomalil se pohyb koufe na rychlost, kterd je niZsi, nez je
predpokladand rychlost iniku osob (napr. 1,5 m/s podle PIARC
[4]). Timto zpusobem je i mozné podporit stratifikaci koure.
Vyzaduje se regulace v uzavieném cyklu zaloZend na presnych
a spolehlivych méfenich proudéni a na spojité€ pracujicich ovla-
dadich (napf. ventildtory s meénici otacek). Ve srovndni
s pevnymi nastavenimi jsou ndklady mnohem vyssi, vyZadujici
prisné pozadavky na implementaci, pravidelné zkousky
a kalibraci pristroju. ZvySuje se i pofet moZnych zdroju chyb.
U kratkych tuneld nejsou obecné tato opatfeni uZzite¢nd, a proto
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roads. The resulting reduction of the road capacity may not be
politically feasible, and only temporarily applicable.

* Tunnel operators and control systems

When tunnel operators are responsible for the proper reacti-
on to an incident, the requirements for the selection, educati-
on, training and regular exercising of the operators should be
very strict, which leads to high expenses. The risk of human
error must also be taken into account. Therefore, an automatic
response by the control system is envisaged. Tunnels should be
able to operate autonomously using their control system, only
requiring a response from an operator in extraordinary cases.
Providing a manned control center for each tunnel does not
make a lot of sense in this regard. Preferably, a central control
center can supervise groups of tunnels. High risk tunnels, as
mentioned above, may be an exception.

e Short distances between escape routes

In tunnels with bidirectional or congested unidirectional
traffic, shorter distances between escape routes significantly
improve the ability to escape during the self rescue phase.
They also allow better accessibility for emergency services in
the second phase.

For cut and cover tunnels, with two tubes and a dividing
wall, the connections between the tubes don't require high
additional costs. Connections between two bored tunnels are
much more expensive, and separate escape tunnels for single
tube tunnels are more expensive again.

* Incident detection

Smoke detection based on the measurement of visibility in
the tunnel has been proven to be the most effective and reliab-
le method of detecting fires. Investment and maintenance costs
for this method are low. Even in tunnels without ventilation or
other equipment, a fast detection enables tunnel closure and
emergency services to be alerted quickly.

Fire detection by linear thermal sensors is too slow in most
cases and is unable to detect smouldering fires. Video smoke
detection is very unreliable and is only to be used to alert ope-
rators.

¢ Longitudinal ventilation with fixed settings

This is the simplest ventilation system, and is mainly useful
in tunnels with free flowing unidirectional traffic, independent
of their length. The goal is to drive the smoke in one direction,
towards the exit portal of the tunnel, creating a smoke free,
safe zone where the vehicles and their occupants are blocked.

e Controlled longitudinal ventilation

In tunnels with bidirectional or congested unidirectional
traffic, the airflow must be controlled to prevent change of
flow direction, and to slow down smoke movement to
a velocity that is inferior to the assumed escape velocity of
persons (e.g. 1.5 m/s according to PIARC [4]). That way, also
a possible stratification might be supported.

A closed-loop control, based on precise, reliable flow mea-
surements and continuous actuators (e.g. jet fans with frequ-
ency converters) is required. In comparison with fixed set-
tings, the expenses are much higher, requiring strict demands
for implementation, regular testing and calibration of instru-
ments. This also increases the number of possible sources of
error.

In short tunnels, these measures are generally not useful, and
therefore the fixed setting 'ventilation switched off / no mecha-
nical ventilation' is appropriate.

* Smoke extraction

In long tunnels with bidirectional or unidirectional traffic at
a standstill, a smoke extraction system may be useful. In the
event of a fire, the smoke zone in the tunnel can be quickly and
effectively brought to a minimum.
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se u nich hodi pevné nastaveni strojniho vétrdni systémem A smoke extraction system generally leads to extraordinari-

»zapnuto / vypnuto‘. ly high costs due to the need for the construction of ducts and
e Odsavani koure ventilation plants, as well as dampers, exhaust fans, and their
U dlouhych tuneld s obousmérnou nebo jednosmérnou power supply and control systems. Additionally, the same

dopravou, kterd je v klidu, mlZe byt uZiteny systém measures as for controlled longitudinal ventilation have to be

s odsdvanim koufe. V piipadé poZdru se muZe zakoufend zéna applied.

v tunelu rychle a G¢inné zmens§it na minimum. Systém s od- The additional risk for workers during the construction of

sdvdnim koufe obecné vede k vyjimecné vysokym ndkladam ducts and plants, and also maintenance staff whilst servicing

the equipment, must be taken into account as well.

* Fixed fire fighting system

Sprinklers, deluge or fog systems may be effective in fire
suppression for many scenarios, but also lead to high costs
through initial investment, maintenance and regular testing.
They also carry the risk of accidental discharge.

e Fire fighting stations

Fire fighters are only useful for the reduction of fire risk if
they can arrive onsite within a few minutes of an incident
occurring. The costs of having manned fire fighting stations at
the tunnel portals, together with equipment and personnel
costs, including education and training, have to be taken into
account.

e Structural fire protection

Protecting the tunnel structure is useful when a collapse
would not be tolerated. For life safety, the effect of structural

z duvodu potieby vystavby vétracich kanéla a strojoven vzdu-
chotechniky, pozarnich klapek, sacich ventildtoru a systému
jejich napdjeni a fizeni. Navic se musi provadét stejnd opatieni
jako u podélného vétrdni. Musi se brdt v dvahu i dodatecné
riziko pro pracovniky v prubéhu vystavby kandll a strojoven
a i pracovniku udrzby pfi obsluze zafizeni.

¢ Pevny hasici systém

Sprinklery, skrdpéci zarizen{ nebo systémy vytvarejici vodni
mlhu mohou byt G¢inné pii haseni u mnoha scéndri, ale také
vedou k vysokym ndkladim souvisejicim s pocétecn{ investi-
ci, idrZbou a pravidelnym zkouSenim. Je u nich i riziko ndhod-
ného spusténi.

* Hasic¢ské stanice

Hasi¢i jsou pifi sniZovani rizika pozédru uZziteéni, pouze
pokud mohou dorazit na misto béhem nékolika minut po vzni-

ku mimorddné uddlosti. Musi se vzit v ivahu ndklady na hasic¢- fire protection can be neglected, considering that under the
ské stanice s obsluhou u tunelovych portdld spolu s ndklady na conditions that lead to structural damage there would neither
vybaveni a osobni ndklady v¢etné vzdélavani a vycviku. be surviving tunnel users nor fire fighters.

* PoZéarni ochrana konstrukei As a general rule, the simplest measure is usually the best.

Ochrana konstrukce tunelu je uZite¢nd tam, kde nelze pfi- With the increasing complexity of a technical system, the reli-
pustit jeji zficeni. Pro bezpecnost Zivota se muZe zanedbat G&i- ability and availability will likely decrease, and the expenses
nek ochrany konstrukce s ohledem na to, Ze za podminek, for maintenance, regular testing and error elimination increase
které vedou k poSkozeni konstrukce, by nikdo z uZivatela tu- progressively. Constructional measures are generally simple
nelu a hasi¢u nepreZil. and effective, but also most expensive.

P2

Plati obecnd zdsada, Ze to nejjednodussi opatfeni je obvykle
to nejlepsi. Je pravdépodobné, Ze se zvySujici se slozitosti FIRE FIGHTING

technického systému se sniZi spolehlivost a dostupnost Fire-fighters can be very effective in the suppression of tun-
a naklady na udrZbu, pravidelné zkouSeni a eliminovani chyb nel fires, when they arrive within few minutes of fire detecti-
se progresivné zvysi. Stavebni opatfeni jsou obecné jednodu- on. To enable this, permanently occupied fire fighting stations
chd a ucinnd, aviak také nejdrazsi. at the tunnel portals are required. The expenses for fire figh-

ting stations, equipment and personnel costs are enormous,
HASENI POZARU and are only really practical for high risk tunnels, where the

consequences of a fire and structural collapse cannot be tole-
rated. This may be the case when the costs for refurbishment
after a fire incident would be extraordinarily high, e.g. for tun-
nels crossing below a river, city tunnels with buildings above
the tunnel or for roads with loss of revenue from tolls in the
case of closure. An example for that is the Elbe tunnel in
Hamburg.

For most tunnels, extinguishing the fire is not the priority.
The highest priority is that people are able to escape during
the self-rescue phase. Emergency services arriving later may
assist with the additional rescue. Persons in the immediate
vicinity of the fire who were not able to escape within the
first few minutes (self-rescue phase) might be considered as
lost. Extinguishing the fire should only be attempted when
feasible and without further risk to the fire fighters. The deci-
sion is within the responsibility of the fire brigade com-

Hasi¢i mohou byt pfi hafeni pozdra v tunelu velmi efektivni,
pokud dorazi béhem pdr minut po zji§téni pozaru. Aby to bylo
mozné, jsou potfebné trvale obsazené hasi¢ské stanice na tunelo-
vych portdlech. Ndklady na hasi¢ské stanice, vybaveni a osobni
néklady jsou enormni a jsou skute¢né praktické pouze u tunelt
s vysokymi riziky, kde dasledky poZdru a zficeni konstrukce
nelze tolerovat. MuZe se jednat o pripady, kdy naklady na sanaci
po poZdru by byly vyjimecné vysoké, napiiklad u tunelt podcha-
zejicich feky, méstské tunely s budovami v nadloZi nebo tam, kde
by doslo ke ztrdté vynosu z mytného v pripadé jejich uzavreni.
Prikladem je tunel Elbe v Hamburku.

U vétSiny tunell neni hafeni pozéru prioritou. Nejvyssi pri-
oritou je, aby mohli lidé v pfipadé pozaru uniknout ve fazi
sebezdchrany. Zachranné jednotky, které prijedou pozdéji,
mohou pomoci s dal§im zachranovanim. Osoby v bezpro-

stfedni blizkosti pozdru, které nebyly schopné uniknout mander.

v prvnich né€kolika minutdch (ve fdzi sebezdchrany), by se The consequence is, that demands from fire brigades to sup-
mohly povazovat za ztracené. Pokus o haseni poZdru by se mél port fire fighting should only be taken into account in high risk
uskutecnit, az kdyZ je to proveditelné a bez dalsiho rizika pro tunnels, and can be omitted in most other tunnels.

hasi¢e. Rozhodnuti o tom je v pravomoci velitele jednotky As an alternative to fire fighting stations, fixed fire fighting
pozarni ochrany. V dusledku toho by se s pozadavky na jedno- systems (FFFS) could be considered. Sprinkler, deluge and fog
tky poZarni ochrany mélo poéitat pouze u tuneld s vysokym systems have been proven to be effective in fire suppression in

rizikem a u vét3iny ostatnich tuneli se mohou vypustit. many tests and some real incidents (e.g. the Burnley tunnel fire
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Jako alternativa hasi¢skych stanic je mozné zvazovat pevné
hasici systémy. U sprinklert, skrdpécich zafizeni nebo systé-
mu pro vytvareni vodni mlhy se mus{ prokdzat, Ze jsou u¢inné
pfi mnoha poZarnich testech a v pripadech nékterych redlnych
pozdru (napiiklad pozdr v tunelu Burnley v australském
Melbourne). Mohly by riziko pozaru znaéné snizit. Nicméné
analyza nédkladi a pfinosu ukazuje, Ze u takovych zafizeni
je pravdépodobnost vzniku poruchy a Ze jsou obecné vhodnd
pouze pro tunely s vysokym rizikem.

PRAKTICKA SPOLEHLIVOST

Co se v praxi zvaZuje, je implementace zvolené koncepce
arealizace, fizeni a provoz navrZzeného systému. V soucasnych
smérnicich nejsou 7Zddné pozadavky na zaji$téni kvality bez-
pecnostnich zafizeni v silni¢nich tunelech. Za priklad lepsiho
pristupu se mohou povaZzovat normy pro prumyslové zavody
a elektrarny.

Bézné se diskutuje o ventildtorech a pozarnich klapkach,
avSak praxe ukazuje, Ze k vétsiné pripada jejich selhdni docha-
zi v dusledku poruch doddvky proudu. V dusledku toho mus{
mit spolehlivost doddvky proudu vyssi prioritu neZ spolehli-
vost jednotlivého vétraciho zarizeni.

Hlavnim poslanim poZzdrniho vétrani je fizeni §ifeni koufe.
Aby se toho dosdhlo, musi se definovat podrobné scénaie
zkousek pro vSechny mozné stavy fidicich systému, v&etné
druhu selhdni, defektd a poruch &innosti zafizeni. Pro kazdy
z téchto scéndfu se musi stanovit kritéria pfijatelnosti.
Zkousky zahrnuji funkci jednotlivého systému (jako je vétra-
ni) i celkovou soucinnost vSech bezpenostnich zafizen{
v tunelu [10]. Zkousky koufem slouZi pouze pro vizualizaci
¢innosti pozdrniho vétrani pro nékteré vybrané scéndre.

U provozovanych tuneld se musi provddét i pravidelnd
kalibrace pristroju a zkousky zafizeni a fidicich systému spolu
se spravnym servisem a udrZzbou. To se Casto zanedbdva, coz
vede k tomu, Ze se zafizeni s vysokymi investi¢nimi ndklady
stanou po nékolika letech neschopnymi provozu.

ODHAD NAKLADU

Néklady spojené s mimoradnou udélosti se musi zvazovat
spolecné s jeji pravdépodobnosti, tj. musi ukédzat finanéni ztra-
ty béhem stanoveného obdobi.

Odhady néklada &asto berou v dvahu investi¢ni ndklady. To
vede k pokfiveni obrazu o skuteénych vydajich na stavbu.
V dusledku toho se musi pfihlédnout ke vSem ndkladum
potfebnym na to, aby se zarulilo, Ze bezpe&nostni opatieni
bude plnit svij Gel Géinné a spolehlivé po celou dobu Zivot-
nosti tunelu. Mus{ se vzit v ivahu ndsledujici body:

— InZenyrska priprava a fizeni projektu (stavby)

— Investi¢ni ndklady na vyrobu a uvddéni do provozu

— Zkousky pri predani a pravidelné zkousky za provozu

— Provozni ndklady (energie, provozni a spotfebni materidly)

— Udrzba

— Renovace

Definovani ceny lidského Zivota je nakonec politickym
zdvazkem. BéZné hodnoty jsou v USA od 3 do 8 milionu
USD/zivot [5], v Némecku 2 miliony USD/Zivot [6].
K fyzickym zranénim rizné zdvaznosti by se také mélo pfihli-
Zet, avSak pro né by se rizika a ndklady tézko odhadovaly.

Prohlaseni ,,Musi se zachrdnit kaZdy Zivot bez ohledu na
ndklady“ je moralné sporné, prihlédneme-li k tomu, Ze pri
omezeném rozpoctu by se vhodnymi opatfenimi dalo zachranit
vice Zivotu v jiné oblasti.

Tuel

in Melbourne, Australia). They might reduce the fire risk
significantly. Nevertheless, an analysis of costs and benefits
shows that such equipment also bears the probability of mal-
function, and is generally only useful for high risk tunnels.

PRACTICAL RELIABILITY

What counts in practice is the implementation of the chosen
concept and the realisation, control and operation of the desig-
ned system. In current guidelines, there are no requirements
for the quality assurance of safety equipment in road tunnels.
Standards for industrial and power plants may be taken as an
example of a better approach.

The availability of fans and dampers is a common area of
discussion, but practice shows that most breakdowns occur
because of power supply failures. Consequently, the reliability
of the power supply must have a higher priority than that of
single ventilation equipment.

The control of the spread of smoke is the main goal of the
fire ventilation. To achieve this, detailed test scenarios for all
possible states of the control systems must be defined, inclu-
ding failure modes, breakdown and malfunction of equipment.
For each of these scenarios, acceptance criteria must be defi-
ned. The tests include the function of single systems (like the
ventilation) as well as the integral cooperation of all tunnel
safety equipment [10]. Smoke tests serve only as a visuali-
sation of fire ventilation performance for some chosen scena-
rios.

Calibration of instruments and testing of equipment and
control systems must also be performed on a regular basis for
tunnels in operation, together with proper service and mainte-
nance works. This has often been neglected, leading to equip-
ment with high investment costs to become inoperative after
only a few years.

COST ESTIMATION

The costs of an incident must be weighed with its probabili-
ty, i.e. displaying a monetary risk value over a defined period.
Cost estimations often only take into account investment
costs. This leads to a distorted image of the real expenses of
a project. Consequently, all costs which are necessary to gua-
rantee that a safety measure fulfills its purpose efficiently and
reliably during the lifetime of the tunnel must be taken into
account. The following points are to be considered:
— Engineering and project management
— Investment costs for production, installation and commis-
sioning
— Acceptance tests and regular testing in operation
— Operational costs (energy, operating and expendable
materials)
— Maintenance
— Refurbishment

The definition of the cost of a human life is finally a political
commitment. Common values are between 3 - 8 Mio. USD/life
in the US [5], or 2 Mio. EUR/life in Germany [6]. Physical
injuries with different severities should also be taken into
account, however for that, risks and costs would be difficult to
estimate.

The statement 'Each life has to be saved at whatever expen-
se' is morally objectionable, taking into account that with
a limited budget, more lives could be saved in another sector
with appropriate measures.

The consequences of structural damage to the tunnel are
mainly the cost of refurbishment and possibly lost revenue
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from tolls due to temporary tunnel closure. When a tunnel
under a river or in a city collapses, the costs involved might be

Dusledky poSkozeni konstrukce tunelu spoéivaji hlavné
v nékladech na rekonstrukci a mozné ztraté prijma z vybéru : )
myta v disledku docasného uzavieni tunelu. KdyZ se ziiti higher than those to build a whole new tunnel would be. In

tunel pod fekou nebo ve mésté, souvisejici ndklady mohou byt such cases, a collapse would not be allowable, therefore these
vy$§i, nez by byly ndklady na stavbu zcela nového tunelu. cases require extraordinary safety measures to rule out such
V takovych pifpadech by zifceni bylo nepfipustné, takze tako- | @ situation from occuring.

vé pripady vyzaduji mimorddnd bezpe¢nostni opatfeni, aby se

takova situace vyloucila. ENVIRONMENTAL ISSUES
Along with the safety requirements, environmental restricti-
OTAZKY ZIVOTNIHO PROSTREDI ons may also significantly increase the investment and opera-
Kromé poZadavku na bezpecnost mohou investi¢ni a pro- tional costs of road tunnels.
vozni naklady na silni¢ni tunely podstatné zvysit i omezen{ For many tunnel projects, an Environmental Impact
z divodii ochrany Zivotniho prostiedi. Assessment (EIA) states that any emissions from the tunnel
U mnoha tunelovych staveb se v posouzeni vlivu na Zivotn{ must be restricted or are not even allowed at all. In Europe,
prostiedi (EIA) stanovi, e jakékoli emise z tunelu se musi | those restrictions are very rarely applied in practice, but in
omezit nebo Ze nejsou povoleny viibec 74dné emise. V Evropé | countries with higher car emissions (e.g. Australia), the
se tato omezen{ v praxi uplatiiuji velmi zfidka, avSak v zemich restrictions are very strict. In fact, many tunnels in Europe
s vy$§imi automobilovymi emisemi (napf. v Austrdlii) jsou are equipped with shafts for extraction of tunnel air at the
omezeni velmi pfisnd. Ve skute¢nosti jsou na mnoha evrop- | Portals which in reality are never in operation. The invest-
skych tunelech Sachty pro odsdvani vzduchu z tunelu ments for those installations are questionable, but still many
u portéla, které v praxi nejsou nikdy v provozu. Investice do new projects require shafts, even when considered as unne-
téchto zarizeni jsou diskutabilni, av§ak mnoho novych projek- cessary.
ti Sachty vyZzaduje, i kdyZ jsou povazovany za zbytetné. One reason for this is that most immission calculation met-
Jeden davod je, Ze vétSina metod pro vypolty emisi nadhod- hods over-estimate concentrations, when compared with real
nocuje koncentrace ve srovnani se skutenymi méfenimi. measurements.
gachty jsou uzitetné pouze pro vytlatovani vyfukovych Shafts are only useful when expelling the tunnel exhaust
plynii z tunelu vysokou rychlosti (> 15 m/s) do ovzdusi, kde se | With high velocity (> 15 m/s) into the atmosphere, where the
emise mohou nafedit. To ale vede k hlukovym emisim a velké emissions may be diluted. That leads to noise emissions and
spotiebé energie na provoz odsdvacich ventildtora. Alter- high energy consumption for the operation of exhaust fans.
nativou Sachet pro sniZeni emisi v bezprostiednim okol{ tune- Filters might be an alternative to shafts for the reduction of
lovych portdld mohou byt filtry, i kdyZ piispévek filtri na emissions in the immediate neighbourhood of tunnel portals,
vydechu z tunelu na sniZenf celkovych emisf je zanedbatelny. even when the contribution of tunnel exhaust filters for the
Meély by se vzit v ivahu obecné d¢inky samotnych opatfeni reduction of overall emissions is negligible.
na ochranu Zivotniho prostiedi. Napiiklad kdy# se energie na The general effects of the environmental measures themsel-
provoz $achty ziskdva z uhelnych elektriren, které produkuji | ves should be taken into account. As an example, when the
CO, a jiné emise, je celkovy dopad opatfeni zdporny, i kdyz energy for the operation of a shaft is provided by coal fuelled
mozna zlepSuje mistni situaci v okoli tunelu. power plants, generating CO2 and other emissions, the global
impact of the measure is negative, even whilst possibly impro-
POUZITI ZDRAVEHO ROZUMU ving the local situation in the vicinity of the tunnel.

PouZivéani hodnocen{ rizik a scéndft pro nalezeni optimélni-
ho feSeni muZe vést k nezddouci sloZitosti s mnoha zdroji neji-

USING COMMON SENSE

stot a chyb. Vysledky i sloZzitych podrobnych analyz rizik jsou Using risk assessments and scenario analysis for finding
stile jen hrubym odhadem, mluvime-li o silni¢nich tunelech. optimal solutions may lead to objectionable complexity with
Vhodna opatfeni, se kterymi se md pod&itat pro analyzu scéné- many sources of uncertainty and error. The results of even
i, musi byt vybrdna pfedem. Vysledky simulace se mus{ ové- complex, detailed risk analysis are still only a rough estimati-
fit pouzitim zdravého rozumu. on when talking about road tunnels. Appropriate measures to

V tomto sméru se zdravy rozum dé ziskat pouze na zdkladé be taken into account for the scenario analysis have to be pre-
praktickych zkuSenosti. ZkuSen{ inZenyfi resf slozité problémy selected. Simulation results must be checked by using
pomoci jednoduchych praktickych zdsad, které berou v dvahu a common sense approach.
pouze duleZité informace a neddvaji se zmdst méné relevantni- In that aspect, common sense can only really be achieved
mi aspekty. Tento pristup vede k lep§im a uéinnéj$im vysled- through practical experience. Experienced engineers solve
kim neZ slozitd podrobna analyza [12]. Proto je k iden- complex problems by applying simple rules of thumb, which
tifikovéni, které aspekty jsou duleZité, a k nalezen{ spravnych take into account only the important information, while not
zéavéru potrebné odborné know-how. Analyza rizik muZze byt becoming confused by less relevant aspects. This approach
uzite¢nd pti porovndvéni variant, které byly predtim hodnoce- leads to better and more efficient results than a complex
ny pomoci odbornych pravidel vyplyvajicich ze zkuSenosti. detailed analysis [12]. Therefore, expert know-how is requi-
Odbornici se daji poznat podle toho, Ze maji ovéreny prehled red to identify which aspects are important and to find the
dosavadnich vysledka pldnovanych, realizovanych a tspésné right conclusion. Risk analysis might be useful to compare
odzkouSenych referenénich projekti. Duraz musi byt kladen variants which have been previously evaluated by expert
na zkouSeni a provoz. rules of thumb.

Dulezity aspekt je, Ze neni moZné predvidat budoucnost tak, Experts can be identified by having a proven record of plan-
Ze se vezme v Uvahu minuld zkuSenost. V praxi se mohou ned, realised and successfully tested reference projects. The

vyskytnout hor$i scéndre, na které predtim nikdo nepomyslil. focus must be on the testing and operation.
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Po takové mimoradné uddlosti je obvyklé, zZe vefejné minéni
kritizuje nedostatek vhodnych opatfeni. Rozhodovaci proces
vyzaduje jistou odvahu dradu pri hleddni vyhodnych feSeni.
Neni mozné, aby se spoléhaly na maximdlni opatfeni tak, aby
se vyhnuly obvinovani ¢i odpovédnosti.

SHRNUT(

Subjekty zainteresované na infrastrukrurnich projektech by
se mély pokusit premyslet o penézich, které se maji investovat,
jako by byly jejich vlastni. Zaujmuti takového pfistupu je nej-
lepsi metodou pro zajisténi, aby se projekt realizoval optimdl-
nim zpusobem.

Technické normy a predpisy se musi revidovat. Namisto
dodrzovédn{ normativnich predpist je uZite¢né hodnocen{ bez-
pecnostnich opatfeni pomoci analyzy rizik. Zdkladn{ systémo-
vd rozhodnuti, kterd maji nejvétsi vliv na ndklady, by méla byt
v prvni fadé zaloZena na jednoduchych empirickych pravi-
dlech podle odbornych znalosti, a teprve ve druhé fade na ana-
lyze rizik se zaméfenim na pozarni riziko.

Riziko poZdru by se mélo podéitat na zdkladé analyzy scéna-
fu, srovndvajici ruzné varianty bezpeCnostnich opatfeni pro
bézné a kritické scéndre. Tato opatfeni by se méla posuzovat
podle ndklad na né a jejich pfinosu s pouzitim odhadu ,,ndkla-
du na zachrdnény Zivot* a ,,nakladu na zabranénou Skodu*.

Podle zvoleného systému se musi stanovit jasné ukoly a pro
tyto dkoly se musi definovat postup ovéfovéni. Nejvyssi dule-
zitost maji podrobné specifikace pro zajisténi kvality, provoz
a fizeni a postupy zkouSeni a uvddéni do provozu. Pro trvalé
zlepSovani se musi pouZzivat praktické zkusenosti.

Pro hodnoceni a kontrolu projektové dokumentace je pod-
statny ndzor odborniku s praktickymi zkuSenostmi. Odbornici
se musi vybirat na zdkladé ovéreného prehledu dosud realizo-
vanych staveb, které dspéSné proS§ly prisnymi prejimacimi
zkouskami.

Cilem by mély byt jednoduché a inteligentni koncepce.
Se zvysujici se slozitosti roste chybovost a celkovd bezpecnost
klesd. Investice do inteligentni inZenyrské pfipravy muze uSet-
fit stondsobek ndkladu stavby. Placeni inZenyrské pfipravy na
zékladé¢ investi¢nich ndkladi neni dobrou pobidkou pro dosa-
hovéni téchto cilu.
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Tuel

An important aspect is that you cannot predict the future by
taking into account past experience. In practice, worse scenarios
can occur, of which nobody has previously thought of. It is usu-
ally only after such an incident that public opinion may criticise
the lack of appropriate measures. The decision process requires
some courage from the authorities when looking for useful solu-
tions. Maximum provisions cannot be relied upon just to avoid
blame.

SUMMARY

The stakeholders of infrastructure projects should try to
think of it as their own personal money being invested. Having
such an attitude is the best method of ensuring that the project
is done in an optimal way.

Technical norms and regulations must be revised. Instead of
following prescriptive regulations, a risk based evaluation of
safety measures is useful. Basic system decisions, which have
the biggest impact on costs, should be based in first order on
simple rules of thumb by expert knowledge, and in second
order on risk analysis, focusing on fire risk.

The risk of fire should be calculated based on a scenario ana-
lysis, comparing different variants of safety measures for com-
mon and critical scenarios. These measures should be assessed
according to their costs and benefits, using estimations of
'costs per life saved', and 'cost of avoided damage'.

According to the selected system, clear tasks must be estab-
lished, and for those tasks, the verification process defined.
Detailed specifications of quality assurance, operation and
control and testing and commissioning procedures are of
utmost importance. Practical experience must be used for
ongoing improvement.

The opinion of experts with practical experience is essential
for assessment and design review. Experts must be chosen on
the basis of a proven record of realised projects, having
successfully passed rigorous acceptance tests.

Simple, intelligent concepts should be aimed for. The error
rate grows with increasing complexity, and the overall safety
decreases. An investment in intelligent engineering can save
a hundredfold in project costs. Engineering fees based on
investment costs are not a good incentive in achieving these
aims.
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