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POZNATKY ZE ZKUSEBNIHO POZARU V TUNELU VALIK
INFORMATION GAINED DURING FIRE TEST IN VALIK TUNNEL
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uvob

Zdkladni pozadavky na vyzkouSeni poZdrniho zabezpeceni tunelu
v Cesku jsou dany technickymi podminkami ,,Provoz, spréva a ddrzba
tuneld pozemnich komunikaci“ (TP 154). Zkousky jsou souldsti prvni
hlavn{ prohlidky tuneld. U tunelu Valik to byl navic pozadavek HZS
PK uplatnény pfi projedndvéni dokumentace ke stavebnimu povoleni.
Po dohodé s pracovniky HZS PK a GR HZS byly zkousky rozdéleny
na 2 ¢dsti, a to na zkuSebni poZér v tunelu v dobé pred hlavni montazi
technologie a naopak zkousku IZS az po tplném dokonceni a namon-
tovani veskeré technologie v tunelu.

ZKUSEBNI POZAR

Pred uvedenim tunelu Valik na délnici D5 do provozu byl dne 25. 5.
2006 proveden zkusebni poZzdr. Pfi tomto poZaru byl vyzkousSen vliv
prirozeného vétrani a ndsledné nucené vétrani na Siten{ koufe v tune-
lové troubé. Byl také ovérovan vliv velikosti razeného profilu tunelu,
reverzace ventildtoru na $ifeni koure. Koncepce pozarni zkousky byla
navrzena na zékladé matematickych model zpracovanych vyzkum-
nym dstavem TUPO. V predstihu byly zpracovany modely typu pole
a z6nové modely. Cilem bylo odhadnout velikosti poZdru a moZné pru-
béhy teplot v prostoru pfi tepelném zatizeni SMW.

ZADANI POZARU

PoZér osobniho automobilu byl simulovdn hofenim 170 litrd auto-
mobilového benzinu (BA) v oteviené nddrZi o plose 4 m?> umisténé ve
stredu vozovky jizni tunelové trouby (JTT). Po celou dobu hofeni/poZa-
ru byly v Case snimdny teploty, hustoty toku tepla, rychlosti proudéni
vzduchu v tunelu. Déle bylo vzorkovano ovzdusi v blizkosti prazského
portalu pro chemickou analyzu k urceni hlavnich toxikantu, celkové
vydatnosti zplodin horenf a tepelného vykonu pozaru. V blizkosti/okol{
prazského a rozvadovského portédlu byla méfena meteosituace (teplota,
relativni vlhkost vzduchu, rychlost a smér vétru).

Zkusebni pozar byl proveden 2x:

1) za nuceného vétran{ jednim ventildtorem;

2) za prirozeného vétrani (proudéni vzduchu portdl Rozvadov — por-
tdl Praha), ndsledné spustén{ ventilatoru.

O den dfive byly provedeny opakované zkousky pomoci vyvijece
studeného koure pri obdobném zadéni funkce ventilace, ziZeni profi-
lu tunelu apod. Problémem byla jiZ prfiprava zafizeni tak, aby byla
viechna zafizen{ schopna soucasné ¢innosti (odchylny pracovni rezim
jednotlivych vyvije¢u). Nutnd doba zahfivan{ je minimalné 40 min.

ZAVERY MATEMATICKYCH MODELU, NAVRHOVANA
TECHNICKA OPATRENI PRO OCHRANU VLASTNI TUNELOVE
TROUBY

Za predpokladu vykonu poZzaru SMW, geometrickych rozmért tune-
lu a predpokladanych vnéjsich podminek byly modelovanim stanove-
ny nejvy33i teploty plynt v posuzovaném prostoru 250 °C, skokové
diference se v ojedinélych pripadech blizily 350 °C.

Prumérna vySka plamene méla dosahovat 4,5 az 5,1 m nad povrchem
hoticich latek. Na zdkladé teplot stanovenych modelovanim se predpo-
klddalo, Ze prognézované teploty ani vy$ka plamene nemohou tepelné
negativné pusobit na stavebni konstrukci tunelu. Piesto byla chranéna
konstrukce tunelu od kéty -10 m do vzdalenosti +20 m (méfeno od osy
tepelného zdroje). Osténi bude obloZeno od vysky +5 m nad podlahou
po horni klenbu. Pro ochranu konstrukce bylo pouZzito rohoZzi
ORSTECH DP80 pripevnénych hmoZdinkami na obezdivku a zajisté-
nych prubéZnymi pojistovacimi lanky. Ochrana obezdivky byla navrze-
na na zdkladé vypoctovych modela provedenych v predstihu vyzkum-
nou organizaci HZS-TUPO.

INTRODUCTION

The basic safety requirements for the fire system testing in the Czech
Republic are given by technical requirements “Operating, Management and
Maintenance of Road Tunnels” (TP 154). The test are part of the first main
tunnel inspection. Moreover, in the case of Valik Tunnel, this was a condi-
tion stipulated by HZS PK during construction permission hearing. After
agreement with HZS PK and GR HZS, the fire tests were divided into 2
parts, the test fire in the tunnel before the main tunnel equipment installati-
on and IZS test after complete assembly of the tunnel equipment.

FIRE TEST

Before the start of operation of the Valik Tunnel on DS Motorway, there
was the fire test performed on 25.5.2006. During this test, the function of
natural ventilation on smoke spreading in the tunnel tube was tested, follo-
wed by the same for artificial ventilation. The effect of the tunnel cross sec-
tion and reverse operation of ventilation fan was also monitored. The con-
cept of the fire test was designed as a result of mathematical models prepa-
red by research institution TUPO. In advance the field and zone models
were prepared. The aim was to asses the size of the fire and potential tem-
perature development by SMW fire.

FIRE TEST DESIGN

The car fire was simulated by burning 170 I of petrol (BA) in open tank
with area of 4 m2 placed in the middle of roadway of the South Tunnel
Tube (JTT). During the whole duration of fire the temperatures, densities of
thermal flow and speed of air flows were monitored in time. Further, the
sampling of air in the Prague portal vicinity for chemical analysis of main
toxic substances, total abundance of combustion products and thermal rate
of the fire were performed. In the vicinity of both, Prague and Rozvadov
portals, the meteorological conditions were monitored (temperature, relati-
ve air humidity, velocity and direction of the wind).

The fire test was performed 2x:

1) during artificial ventilation with one fan

2) during natural ventilation (the air flow direction from Rozvadov por-
tal to Prague portal), with subsequent starting of ventilation fan.

A day earlier the repetitive tests by cold smoke initiator, by similar functio-
ning of ventilation, tunnel profile reduction, etc. were carried out. The problem
was to prepare the test equipment for concurrent functioning (different work
regime of particular initiators). The time period needed for heating is 40 min.

MATHEMATICAL MODEL RESULTS, PROPOSED TECHNICAL
MEASURES FOR TUNNEL TUBE PROTECTION

Based on the assumptions of SMW heat release rate of the fire, tunnel
cross section and expected outside conditions, the highest gas temperatures
250°C in the assessed space were determined by the model; temperature
jumps in sporadic cases were close to 350°C.

The average height of the flame was estimated to be 4,5 to 5,1 m above the
burning surface. Based on the temperatures gained by modelling it was sup-
posed that neither predicted temperatures nor the flame height could negati-
vely affect the tunnel lining. Nevertheless, the lining was protected in distan-
ces -10m to +20m (measured from the heat source axis). The lining was pro-
tected from the invert to the level +5m. For protection the ORSTECH DP80
mats were used; they were fixed to the lining by dowels and secured by con-
tinuous steel strings. The lining protection was designed according to the mat-
hematical models carried out by research institute HZS-TUPO.

Prognosis of the thermal field was performed by using zone and field
type models, both in reduced scale and in the model with approximately
realistic tunnel dimensions. Modelling was done assuming conditions simi-
lar to the ones expected during the experiment.

The results of modelling gave assurance that the temperatures during the
fire test will not cause lining damage.
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Prognéza teplotniho pole byla uskute¢néna s vyuZitim zénovych
modeld a modela typu pole, a to ve zmen$eném méfitku a v modelu
s priblizné redlnymi rozméry tunelu. Modelovani bylo provedeno za
podminek blizicich se predpoklddanym podminkdm pfipravovaného
experimentu.

Vysledky modelovéni vedly k presvédCenti, Ze teploty dosaZené pri
pozdrnich zkouskdch nezpusobi poSkozeni tunelového osténi.

Meéfeni pri zkouskdch predpoklad ziskany modelovanim potvrdila.
Shodu mezi predikovanymi a naméfenymi hodnotami 1ze posuzovat
jako prijatelnou.

Modelovdni{ poZdru je nesporné perspektivni oblasti, kterd nalezne
své uplatnéni v fadé praktickych aplikaci. Kombinace realnych zkou-
Sek a modelovani se jevi jako optimdlni postup, ktery vede k dspore
finan¢nich prostredka.

PREDMET MERENI

Pfi pozarnich zkouskach bylo snimédno v Case:

« teplotni pole

- teploty ovzdusi ve svislé roviné podélnou osou tunelu na pozicich

-50 m, -20 m, -5 m, 0 m (pozice nddrZze s BA), +5 m, 10 m, 15 m,
35 m a 80 m (smér proudéni vzduchu v tunelu) ve tfech vyskovych
hladindch 2,5 m, 4 m, 8 m, viz priloha 1,

- teploty na osténi JTT na pozicich -5 m,0 m, 5 m, 10 m a ve vys-

kovych hladindch 0 m, 4 m a 6,5 m, viz pfiloha 2,
- bezprostredniho okoli plamene horiciho BA v oteviené nddrzi
na pozici 0 m;

¢ pole hustot toku tepla

- na pozici -5 m ve vySce 1,5 m na podélné ose JTT,

-na pozici 0 m ve 2,5 m vzdalenosti od okraje nddrZe kolmo na

podélnou osu JTT ve vyskach 1,5 ma 2,5 m,

- na pozici +5 m a ve 2,5 m vzdalenosti kolmo na podélnou osu JTT,

- na pozici +5 m ve vySce 1,5 m na podélné ose JTT;

« sireni horkého koure

- na pozicich +40 m a +80 m po celém profilu a v podélném sméru JTT,

- na rozhrani raZené a hloubené cdsti prazského portdlu JTT ve

vysce 4 m na podélné ose;

* koncentrace vybranych toxikanta v ovzdusi poZzaru na podélné
ose a rozhrani hloubené a razené Casti praZského portdlu JTT se vzor-
kovanim ovzdusi na vyskovych hladindch 4 m, 6 m a 8 m (na svislici);

¢ rychlosti proudéni vzduchu v tunelu;

* meteosituaci na portalech;

¢ odhad tepelného vykonu pozaru.

CASOVY PLAN ZKUSEBNIHO POZARU

Streda 24.5.2006 149%-1700 zkouska $ifeni studeného koure.

Ctvrtek 25.5.2006 vlastni cvi¢eni. Tunel byl kompletné uzavien po
cely den véetnd piiportalovych tsekil za pomoci pracovnikii PCR,
oddéleni ddlni¢ni policie Svojkovice.

730830 Skoleni pracovniku a navstévnika VIP

9001000 1. pozdr — nucené vétrani, po odvétrani ndsledovala prohlid-
ka mista pozaristé pro odborniky

13001400 2 pozdr — prirozené vetrdni s naslednym spusténim venti-
latoru

DILCI ZAVERY E
Zkousky ,,studenym‘ kourem
Technické zabezpeceni zkou-
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The measurements during the actual tests confirmed the modelling pre-
diction. The compliance between predicted and measured values could be
judged as reasonable.

Fire modelling is certainly a promising area, which might find use in
many practical applications. Combination of real tests and modelling seems
to be optimum approach, leading to financial savings.

MEASUREMENTS

During the fire test the following characteristics were measured in
real time:

e thermal field

- air temperatures in vertical plane through longitudinal tunnel axis in
- 50m, - 20m, - 5Sm, Om (position of fuel tank with BA), + 5m, 10m,
15m, 35m a 80m (direction of air flow in the tunnel) in three levels
2.5m, 4m, 8m, see Attachment No.1,

- lining temperatures in positions - 5m, Om, 5m, 10m and in levels Om,
4m a 6,5m, see Attachment No.2,

- immediate vicinity of burning BA flame open tank in position Om.

o thermal flow field density

- in position —5m in level 1,5m on longitudinal tunnel axis,

- in position Om in 2,5m distance from the tank edge, perpendicular to
longitudinal tunnel axis in levels 1,5m and 2,5m,

- in position +5m and in 2,5m distance perpendicular to longitudinal tun-
nel axis

- in position +5m and in the level 1,5m on longitudinal tunnel axis.

¢ Spreading of hot smoke

- In positions +40m and +80m in the whole tunnel profile and in longi-
tudinal direction

- In the boundary between mined and cut and cover sections in the Pra-
gue portal in level 4m on the longitudinal tunnel axis

* Concentration of selected toxins in the air on longitudinal axis, in the
boundary area of the mined and cut and cover sections in the Prague
portal, with air sampling in the levels 4m, 6m a 8m (on vertical line)

* Air velocity in the tunnel

* Meteorological situation on portals

* Assumption of heat release rate

FIRE TEST TIME SCHEDULE

Wednesday 24.5.06 14%0-17%  test of cold smoke spreading

Thursday 25.5.06 the fire test itself. Tunnel was completely closed
during the day including sections next to the portals; this was achieved with
help of police, Motorway Police Svojkovice department.

730 -830 training of workers and VIP visitors

900-1000 1st fire — artificial ventilation, after ventilating the experts visi-
ted the fire area

1300-14% 2nd fire — natural ventilation with subsequent starting of the
ventilation fan.

DISCUSSION OF RESULTS

“Cold” smoke tests
There is a serious problem with this type of the test. In our case the
smoke volume of 20m3/s was produced. The rented equipments were
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Obr. 1 Pri¢ny profil tunelu v misté
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Fig. I Tunnel cross section at the fire
location
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Obr. 2 Schéma nasazeni
Fig. 2 Rescue scheme

vztlakového efektu je podobnost s redlnymi situacemi pouze hypote-
tickd. Chybi zde kompletné moznost sledovani teplotniho pole. Rych-
lost pohybu studeného koute se bliZila rychlosti vétru prirozeného
vétrani v tunelu.

Na zédkladé vySe uvedeného lze konstatovat, Ze overeni funkénosti
pozdrnébezpecnostniho vybaveni tunelu za pomoci studeného koure je
naprosto nevhodné.

ZKOUSKA . TEPLYM" KOUREM

Teploty koufovych plynt byly pfi druhé poZérni zkousSce vyssi nez
pfi prvni. Teploty na povrchu stavebnich konstrukei, pfipadné hustoty
tepelnych toku, byly u obou zkouSek priblizné srovnatelné, pricemz
vy§sich méfenych hodnot bylo u druhé zkousky dosahovéno po del3f
Casovy usek. Cinnosti ventilace dochdzi k intenzivnéj$imu fedéni kou-
fovych plynt a vzduchu, coZ je pfi¢inou nizsich teplot plyna.

Vypovédni hodnota ovérovacich zkousek v tunelu Valik je omezena
nékolika faktory. Zejména §lo o prvni zkousku svého druhu v CR.
Vzhledem k chybéjicim zkuSenostem s podobnymi projekty panovaly
obavy z mozného poSkozeni tunelu nebo zarizeni. Vlastni metodika
zkousek je tedy vysledkem nutného kompromisu v nékolika duleZi-
tych aspektech.

Prvnim aspektem byla povaha a vykon energetického zdroje. Lze
predpokladat, Ze pro pribliZeni se redlnym podminkdm poZéru je vhod-
né koncipovat energeticky zdroj o vykonu min. 15 MW, pfi¢emz pali-
vem jsou pevné latky. PouZitim kapalné horlavé latky a redukci vyko-
nu na 5 MW byly ovlivnény mimo jiné doba trvdn{ poZdru, rozloZeni
teplot v teplotnim poli, hodnota hustoty tepelného toku, mnoZzstvi
zplodin hoteni. Lze konstatovat, Ze naméfrené hodnoty byly nizsi, nez
jakych bude dosazeno pri skute¢ném pozéru.

Dal§im aspektem posuzovéni chovdni plynd pfi poZdru nebylo
stanoveno optimdlni situovani zkuSebniho pozdru. Stav, kdy smér
proudéni vzduchu ventildtorem je shodny s prfirozenym proudénim
vzduchu v tunelové troubé, je optimdlni ze vSech moZnych situaci.
Vyrazné sloZit€jsi jsou situace, kdy ventildtor usmériuje tok plyna
proti sméru pfirozeného proudéni.

Nelze stanovit v obecné roviné pro vSechny tunely, Ze systémy
nuceného vétrdn{ proudovymi ventildtory (podélné vétrani) musi, nebo
opaéné nemohou byt v Cinnosti bezprostfedné po vzniku mimoradné

made by different manufacturers, the operation of smoke initiators is
not continuous, it is periodical. Cold smoke behaviour is fundamentally
different to the smoke behaviour during the real fire. Because of missing
uplifting effect, the similarity to the real situation is only hypothetical.
What is completely missing is the possibility to monitor thermal field.
The cold smoke velocity was close to the air velocity caused by natural
ventilation.

Based on the above fact, it could be stated that the test of fire safety
tunnel equipment using the cold smoke is completely unsuitable.

.HOT“ SMOKE TEST

The smoke gases temperatures during the second test were higher than
during the first one. The temperatures on the lining surfaces, or the ther-
mal flow densities were in both tests similar; the higher measured values
during the second test were obtained for the longer time period. By acti-
on of ventilation, the diluting of smoke gases is more intensive, resulting
in lower gas temperature.

The confidence to the values gained during tests in Valik Tunnel is
limited by few factors. Firstly, it was the first test of this kind in the Czech
Republic. Owing to missing experience with similar projects there were
concerns in respect of possible tunnel lining or tunnel equipment dama-
ge. The test methodology itself is therefore a result of compromising few
important aspects.

First aspect is character and output of energy source. It could be
assumed that to get closer to the actual fire conditions, the energy
source should give min 15 MW fire, based on solid fuels. Using the
liquid combustible and reducing the energy source to produce 5 MW
fire, the fire duration, heat distribution, value of thermal flow densi-
ty and volume of combustion products were affected. It could be sta-
ted that the measured values were lower than the values during the
real fire.

Another aspect was the choice of optimum position of the test fire.
Condition, when the artificial air flow direction is the same as a natural
air flow direction is the optimum of all scenarios. More complicated are
scenarios when the fan directs the gas flow in the opposite direction to the
natural air flow.

It cannot be, for all tunnels, generally stated that systems using jet fans
(longitudinal ventilation) have to be, or the other way around can not be
in operation immediately after start of fire, although for unidirectional
tunnels this would be usually the case. The basic values for the decision
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uddlosti, i kdyZ ve vétSin€ pripadu tomu tak zpravidla u jednosmérné
provozovanych tuneld bude. Zdkladnimi hodnotami pro rozhodovaci
proces (spusténi — nespusténi ventilace) je smér a rychlost proudéni
vzduchu uvnitf tunelovych trub a na portdlech tunelu (tzv. rozhodné
veli¢iny).

V pripadech souhlasného sméru proudéni plynu v tunelu a sméru
hlavniho tahu ventilatoru (smér proudén{ plynt = smér hlavniho tahu),
1ze podélné vétrani uvést do Cinnosti bezprostiedné po vzniku poZdru,
pripadné s minimdlnim Casovym zpoZdénim potifebnym k vyjezdu
automobill ven z tunelové trouby.

V pripadech proudéni plynt v tunelu proti sméru hlavniho tahu ven-
tildtoru (smér proudéni plynt L smér hlavniho tahu), vyZaduje situace
podrobnéjii analyzu. Uvahy tykajici se zmény sméru proudéni plyni
vétracimi zafizenimi by mély byt akceptovdny pouze s nejvétsi obe-
zretnosti, a to zejména s ohledem na technické moZznosti vzduchotech-
nickych systému, predpoklddané okolni podminky v okamZziku mimo-
radné uddlosti a celkovou koncepci pozdrni bezpecnosti.

Cinnost podélného vétrani miZe byt zejména u kratsich tuneld pii-
¢inou vyznamného naruseni stratifikace plyni v prostoru. V piipadé
vyskytu osob v prostordch s vyskytem koufe muze byt d¢inek ventila-
ce i negativni. Rozhodnuti o uvedeni nebo neuvedeni vétrani do pro-
vozu zdvisi na dobé potiebné ke zméné sméru proudéni vzduSin
v tunelu. Zdvislost mezi dobou potfebnou ke zméné sméru, paramet-
ry tunelu a okolnimi podminkami v§ak neni v soucasné dob¢ dostate¢-
né provéfena. Tato problematika presahuje znalosti vzduchotechniku
i pozdrnich inZenyru zabyvajicich se projektovanim tuneld. Vychodis-
kem muZe byt studie zabyvajici se modelovanim vhodné zvolenych
situaci s vystupy zapracovanymi do dimenzacni tabulky. Za vyuZitel-
ny lze povazovat napt. model typu pole FLUENT.

ZAVER POZARNI ZKOUSKY

Obecné Ize konstatovat, Ze v pripadé€ kratkych tunell nelze pozadavek
na instalaci nucenych systému zcela vylou¢it. Jednd se viak o specific-
ké pripady, které se vymykaji obecnym predpokladim. Projekéni navrh
a technické provedeni nucenych vétracich systému pri respektovén{
ndvrhovych pravidel jsou u krétkych tuneli pomérné problematické.

Stdvajici zpusob navrhovéni odvétracich zafizeni (podélnd ventilace
proudovymi ventildtory) dle CSN 73 7507 a TP 98 t&inné postihuje
pouze &dst moznych variant, které mohou pfi provozovani tunelu
nastat. Redlné mohou nastat situace, kdy navrzené podélné vétrani
neni schopné plnit svou funkci. V téchto pripadech nemusi byt prove-
ditelnd evakuace osob pred prijezdem poZédrnich jednotek a osoby
nemaji zajiSténou troven ochrany jinak obvyklou. U stdvajicich tune-
10, nebo v piipadé ndvrhu a realizace systému vétrdni, které nejsou
schopné adekvidtné reagovat na vSechny predpoklddané varianty
mimorddnych uddlosti, mohou pfi hasebnim zdsahu nastat situace,
které vyznamnym zpusobem znesnadni jeho provedeni a ddle ztiz{
nebo znemozni pfipadnou zdchranu zbyvajicich osob, které se neeva-
kuovaly. Tyto situace 1ze fesit nasazenim vykonnych mobilnich venti-
laénich zafizeni.

Management vétrdni tunelovych trub v pfipadé mimorddnych uda-
lost{ 1ze povazovat za nesmirné citlivou problematikou, kterd je ovliv-
néna celou soustavou aspektu, napf. situovani stavby v terénu, geome-
trické a konstrukeni provedeni tunelu, G¢innost vétracich systému,
okolni podminky, misto uddlosti v tunelu. Zpusob (ovlddén{) vétrani,
napr. uvedeni do ¢innosti, nastaveni zpozdéni v zdvislosti na urcitych
podminkdch v pripadé mimoradné udaélosti je individudlni zéleZitosti.
Lze jej stanovit pouze na zdkladé podrobného posouzeni vsech pred-
vidatelnych variant uddlosti a ovliviiujicich initelt.

V urcitych situacich neni jednoznac¢né, zda ventilaci uvést do pro-
vozu, nebo naopak ponechat po uréitou dobu mimo provoz, pfipadné
po jakou dobu. Je zfejmé, Ze zdkladnimi hodnotami pro rozhodovaci
proces (spusténi — nespusténi ventilace) jsou smér a rychlost proudéni
vzduchu uvnitf tunelovych trub a na portalech tunelu.

Z vy3e uvedenych odstavcu jednozna¢né vyplyva nutnost realizace
redlnych zkousek v tunelech pred jejich uvedenim do provozu. Diavo-
dem je predevs§im ovéfovani validity navrzenych ventilanich systému
ve vztahu k redlnym situacim, odhalovéni pripadnych kritickych situ-
aci a ndvrh odpovidajicich opatfeni. Poznatky ze zkousek mohou byt
ddle zevSeobecnény a implementovany do stdvajicich predpisu.
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TuNel

process (operation- non operation of the ventilation system) is the air
flow velocity in the tunnel tubes and in the tunnel portals (so called deci-
sive values).

In the case of identical direction of the air flow in the tunnel and direc-
tion of main fan draft (air flow direction=main draft direction) the longi-
tudinal ventilation could be put into operation immediately, or with mini-
mum delay required for vehicles to leave the tunnel after the fire start.

In the case of air flow in the tunnel against the main fan draft (air flow
direction L main draft direction), the situation requires more detailed ana-
lysis. The considerations in respect of changing the air flow direction by
ventilation equipment should be accepted only with utmost caution,
mainly taking into consideration technical capabilities of ventilation sys-
tems, expected outside conditions in the moment of fire and also the
general concept of fire safety.

The action of longitudinal ventilation, especially in short tunnels,
might cause significant disturbance to the gases stratification in the
space. In the case of personnel presence in the areas with the smoke,
the action of the ventilation might have a negative effect. The decision
on using or not using the artificial ventilation depends on the time
required to change the air flow direction in the tunnel. The relation bet-
ween the time period needed to change the air flow direction, tunnel
parameters and outside conditions is not sufficiently verified at pre-
sent. These problems go beyond the present knowledge of ventilation
and fire specialists, working in the tunnels design. Starting point could
be a study, using modelling of various scenarios, with results in the
form of table (tables). Applicable could be for example the field model
type FLUENT.

CONCLUSION

Generally could be stated that in the case of short tunnels the installa-
tion of artificial ventilation cannot be completely excluded in specific
cases, which surpass general assumptions. Design and implementation of
artificial ventilation systems for short tunnels is, while respecting design
rules, rather problematic.

The existing method of ventilation systems design (longitudinal venti-
lation using jet fans) according CSN 73 7507 and TP 98 covers only part
of possible scenarios, which could happen during the tunnel operation. In
reality the scenario, in which the designed longitudinal ventilation is not
able to fulfil its function, might happen. In such cases the evacuation of
personnel before the fire fighting brigade arrival might not be feasible
and personnel do not have the required protection. For the existing tun-
nels, or in the cases of design and implementation of ventilation systems,
which are not able appropriately react to all assumed scenarios of fires,
the situations during the fire extinguishing might happen, which signifi-
cantly complicate the rescue operation and further complicate or make
impossible rescue of remaining personnel who were not evacuated. These
situations could be solved by using powerful mobile ventilation
equipment.

Ventilation management of tunnels in the case of fire could be consi-
dered as extremely sensitive problem, which is affected by many aspects,
as for example location of the tunnel in the surrounding area, geometri-
cal and construction features of the tunnel, efficiency of ventilation sys-
tems, outside conditions and fire location. The method (regulation) of
ventilation, e.g. starting, setting the delay in relation to certain conditions
in the case of fire, is an individual matter, which could be specified only
as a result of detail consideration of all predictable scenarios and other
affecting factors.

In certain situations it is not clear, if the ventilation shall be operatio-
nal immediately, or left idle for certain time period and what is the dura-
tion of such time period. It is obvious that the basic values for the decisi-
on process (operation-non operation of ventilation) is the direction and
velocity of the air flow in the tunnel tubes and in the portals.

Based on the above, the necessity of performing the real tests in
tunnels before they are put into operation is obvious. The reason is
primarily verification of validity of the designed ventilation systems
in relation to real scenarios, exposure of possible critical scenarios
and proposal of relevant precautions. The test results could be furt-
her generalized and implemented into the current legislation.
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