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> Ventilation of road
tunnels is a major
engineering issue, in
1 special in case of fire.
> Ventilation provides the
' adequate environment:

3 e for the users egress and
(O} e for the firemen tasks.

> Motorway tunnels with
two independent
unidirectional galleries
are usually provided with
longitudinal ventilation.
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|O > In this presentation:

e a real fire scenario is
showed, where the smoke
control technique adopted

-y was very successful;

e the impact of the pressures
generated by the
longitudinal smoke control
on the emergency exits is
showed.
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Introduction

> Mar8o Tunnel is the longest
one in Portugal (5600 m).

> At 20:29 a bus fire occurred,
about 1800 m after the

entrance portal.

- > There was no victims but the
bus was fully bunt out.

> References indicate that bus
fires have a HRR of about 25
MW to 36 MW and a
released energy of about 28

GJ to 41 GJ.

> The research question is:
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[ .;sThe assessment of the fire
Rk ’cemperature-j nd of the HR&':‘B
= by démae ana|y*"'-_

bya the tupnel sensors, befoﬂg thelr
destructlon, or even durmg whole
fire event, when they were Iocated
' far from the fire:
e Fibrolaser fire detection system
(destroyed by the fire)
e Weather stations at the portals

e Three ultrassonic velocity
~sensors inside the tunnel
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Methods

> The HRR convected part in the section of the middle anemometer
was estimated by the air expansion due to the temperature.

. pOTO U'Tl .
Qci =114 T, (Cp_i;]_1 - Cp_1T1> < Q

= APOTO(Cp_iUi - Cp_1771)

> Fully turbulent flow and continuity are considered.

> Correction factors were used to obtain the average velocity in the
tunnel section.

: ndard uncertain
Anemomether Correction factor > randard uncertainty

[m/s]
S-ANE-1 0,743 0,41
S-ANE-2 0,665 0,39
S-ANE-3 0,657 0,39
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Methods

> The HRR standard uncertainty in the measurement section is 14.1
MW.

> The estimation of the average temperature in the fire section was
made by:

x C,poWyD o 2
T = (T —Ty)e¥e + T,  x, = PPOOTH  hep, ~ 10 W/(m?K)
4hgp,

> The average temperature standard uncertainty in the fire section is
40 K.
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Velocidade [m/s]

6.000
o
4.000 g
Jl 1y Anem 1
J ‘1‘I]\| ml ( ’ Anem 2
1 h -Anem 3
2.000
0.000
-2.000

Flow velocity
measured
between
12:00:00 of
2017-06-11 and
12:00:00 of
2017-06-12.

11/06/2017 19:12:00
12/06/2017 00:00:00

Tempo [hh:mm:ss]

12/06/2017 04:48:00 -

12/06/2017 09:36:00

12/06/2017 14:24:00 -
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The problem

It is estimated that the convected heat output in the anemometer
measuring section may have reached about 35 MW, with a standard
uncertainty of 14.3 MW being estimated.

The estimate of the convected heat output in the fire section points to
excessively high values when compared to the information known by the
literature, even taking into account the uncertainty estimation.

We have the thermal history of the fire, but we miss a good referential to
interpret it.
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Methods

Temperature should
modify the velocity
profile

> Correction factors were used to obtain the average velocity in the
tunnel section.

: ndard uncertain
Anemomether Correctlorwor Standard uncertainty

[m/s]
S-ANE-1 0,41
S-ANE-2 0,66 0,39
S-ANE-3 , 0,39
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Calculated Heat Release Rates

100+ .
Truck References indicate that bus
fires have a HRR of about
80+ 25 MW to 36 MW and a
released energy of about
| 28 GJ to 41 GJ.
=
e Lol
=t Schoolbus
204 Plastic Car
: n A emsnenenmny
e 9 W S -0 om0 % 80 60 190
EUREKA tests Time (min)
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&1 o If we admit that the Marao bus
Estimate of "\ \ e o had a similar heat load, the
SoliEe s 5 estimate of the peak heat
HRR in the

e EUETTE release rate lays between

sections S- 17 MW and 25 MW.
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|O > The distance between

__1 emergency exits in new

tunnels shall not exceed
500 m.

A—
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Emergency exits

> Since the long tunnels in
mainland Portugal of the
Trans-European and national
road networks have
unidirectional road galleries,
the emergency exits are
transverse galleries
connecting road galleries,
protected by a pressure
system.
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Obijetives

> To assess the impact that
pressure differences
generated by the tunnel
smoke control system have
on the use of emergency
exits.

> To evaluate the impact of
emergency exits opening on
the performance of the
tunnel smoke control
system.
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Methods

> The flow is currently modeled using a generalization of the
Bernoulli equation, which includes tunnel-specific terms.
wind :
action stack effect ~ piston effect jet fans action

T2,

— X2 6(U = Vo) IU = Vpal HK =2 -
2s ™ Vo) SANE Pl..m(l Vimp

loss of pre ressure
throlqu‘?hﬁ) ire
losses
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5th International Seminar on Underground Space
Health & Safety in Underground Space
October 18th, 2019, Lisboa, Portugal 24



LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Methods

INTERNATIONAL TUNNELLING
AND UNDERGROUND SPACE

ASSOCIATION

ITA

ASSOCIATION

INTERNATIONALE DES TUNNELS

AITES

ET DE L'ESPACE SOUTERRAIN

> Experimentally determine the relevant constants for the flow in

lo real tunnels
e Marao Tunnel (13 emergency exits)
e Gardunha Tunnel (5 Emergency exits)

; l( 852)PoV% |V | + ¥( )l+““ (U )U = V.l Ky P (l V"’“)
e ) ) w— 1) w— s () — = 4 _—— ——
Op1 p2/Po Y\Po = PJB > f Vva Vea Drab -

:(r;o;:;“z Q"*‘ s (1)

tunneresure loss

frictisReHigisnts

=
Comi ssao Portuguesa

jet fans position
coefficient
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. > All jet fans in the descending
gallery of each tunnel have
lo been activated.

> Pressure difference was

. measured between the two
road galleries through each
emergency exit.

g
|> Fit of static pressure curve

* along tunnel to experimental
results by least squares
method

INE
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Measured and estimated pressure differences
between road galleries in the Marao Tunnel
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Estimated aerodynamic characteristics of Marao Tunnel

V
6,87 — 0,54 m/s 6,87 m/s 6,87 + 0,54 m/s
Jet fans position coefficient k 0,85 0,92 0,94
Tunnel friction factor f 0,013 0,011 0,010
Pressure loss coefficient for 0.2 0.0 0.0
entrance portal &e
Pressure loss coefficient for 10 10 10

exit portal s
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Measured and estimated pressure differences
between road galleries in the Tunel da Gardunha
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Estimated aerodynamic characteristics of Gardunha Tunnel

.e
A

|4
565 —0,42m/s 565m/s 565+ 0,42m/s
Jet fans position coefficient k 0,84 0,84 0,85
Tunnel friction factor f 0,031 0,026 0,022
Pressure loss coefficient for 112 0.84 0.61
entrance portal &
Pressure loss coefficient for exit 10 10 10

e
Comisséo Porluguesa
de Tuneis

portal s
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|O> Application of one-dimensional

. model with experimentally
% determined aerodynamic
' characteristics.

> Inclusion of the reference fire
' scenario in the one-

¢ dimensional model.

8

Q
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Estimated pressure difference between road
galleries in Marao Tunnel with and without fire
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