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HI-FOG tunnel testing background

• Passenger vehicle testing in 1994 at VTT, Finland

• Car deck testing in 1995-1996 at VTT, Finland

• Eurotunnel tests in 1999 at Darchem Flare, UK

• Tunnel fire tests in 2001 at If…safety centre, Norway

• Demonstrative tunnel tests in 2004 at If…safety centre, Norway
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Tunnel fire tests in Norway, 2000-2001

HI-FOG tunnel testing background

• Thermal management during 
steady fire conditions

• Protect the tunnel and its 
infrastructure against 
destructive thermal damage

• Mitigate conditions to extend 
the time available for rescue

• Verify the HI-FOG concept
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Tunnel fire tests in Norway, 2000-2001

HI-FOG tunnel testing background
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Tunnel fire tests in Norway, 2000-2001

HI-FOG tunnel testing background

• The test fire was designed to 
burn at a constant rate even 
after water mist discharge

• Shielded spray fires ranging 
from 4 MW to 8 MW 

• Figure shows a 5.8 MW 
steady burning test spray fire
in the shield structure
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Tunnel fire tests in Norway, 2000-2001

HI-FOG tunnel testing background
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HI-FOG automatic sprinkler concept

HI-FOG tunnel testing background
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Tunnel Demonstration details

Objective was to demonstrate the HI-FOG tunnel 
solution’s suppression and control capability against a 
realistic fire. Efficiency evaluated with temperature 
measurements and damage to fire load.
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Tunnel Demonstration details

The tunnel

(26.2 ft)

(20 ft)

(328 ft)



Marioff Corporation Oy Tuesday, 23 November 2004 10

Tunnel Demonstration details

• A collision of a passenger vehicle and a goods vehicle 
carrying combustibles (4x10 pallets), max estimated heat 
release rate in a free burn 17 MW.

Fire scenario

Car ignition pool:

32.8’x16.4’x4.9’ high

Pallet ignition pool:

14.4’x7.5’x7.2’ high
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Tunnel Demonstration details

• Thermocouples (red) at different levels and distances from 
the fire 

• Sprinklers / spray heads (blue) with 3 m (9.8 ft) spacing

• Length of zone: 24 m (78.7 ft)

• Water mist screens at the ends of the zone in the sprinkler 
system, 5 open spray heads in each

• Diesel driven pump unit, max capacity 780 l/min (206GPM)

Measurement system

(78.8 ft)
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Tunnel Demonstration details

Observing the test

2. A monitor 
connected to a 
video camera

1. The upwind end 
of the tunnel

3. Small open compartment 
next to the fire
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Tunnel Demonstration details

Free burn

0

100

200

300

400

500

0 5

Time [minute]

T
em

p
er

at
u

re
 [

C
]

Extinguished 
Manually



Marioff Corporation Oy Tuesday, 23 November 2004 14

Tunnel Demonstration details

Free burn
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Tunnel Demonstration details

• Fire was ignited

• First sprinkler activated, pressure 140 bar

• Downwind screen was activated manually when temperature 
at the screen reaches 100 °C 

• Upwind screen was activated manually when temperature at 
the screen reaches 100 °C

• Remaining fire was manually extinguished after 15 min

HI-FOG sprinkler system test procedure
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Tunnel Demonstration details

HI-FOG Sprinkler system measurements
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Tunnel Demonstration details

• Total number of sprinklers discharged: 8 sprinklers out of the 
24 in the zone. The location of the activated sprinklers 
matches the location of the fire

HI-FOG Sprinkler system results
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Tunnel Demonstration details

• Flow requirement in the test: 440 litre/minute (116 GPM), i.e. 35% 
less than the HI-FOG water mist zone flooding system.

• Highest temperatures measured above the fire at the ceiling level –
200 °C and 175 °C (respectively for C1 and C2).

• Temperature developments before sprinkler-actuation similar to the 
free-burn test.

• Water mist sprinklers maintained the ceiling temperature below 
200°C.

• When enough sprinklers discharged the temperature was further 
lowered to 50-60°C.

• After stopping the discharge the temperatures increased again until 
the fire was extinguished manually (minute 17-18)

HI-FOG Sprinkler system results
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Tunnel Demonstration details

• Fire was ignited

• All three spray head lines (sidewalls and center), were 
activated once temperature at the ceiling above the fire 
reached 200 °C; pressure at the spray heads 70 bar 
(1,015 psi)

• Remaining fire was manually extinguished after 15 min

HI-FOG zone flooding system test procedure
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Tunnel Demonstration details

HI-FOG Zone flooding system measurements
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Tunnel Demonstration details

• Fire started evolving rapidly only after 5-6 minutes of free-burn.

• System actuated when temperature at the ceiling reached the 
maximum allowed in the tunnel, i.e. about 200°C. 

• Temperatures dropped to less than 50°C within less than a minute 
from the actuation of the system and remained at that range to the 
end of the test.

• Fire seemed to almost vanish after about 15 minutes of discharge.

• When the test was stopped after about 25 minutes of discharge the 
pallets-fire was extinguished and only a small fire remained inside 
the car.

• Flow requirement in the test: 685 litre/minute (181 GPM), i.e. 55% 
more than the HI-FOG water mist sprinkler system.

HI-FOG Zone flooding system results
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HI-FOG Tunnel Testing

Several benefits can be found due to fire suppression system

• Provides safety for people

• Provides better condition for rescue actions

• Provides effective structural protection against radiant heat

• Protects tunnel equipment against heat

• Prevents long down time due to minimal damage

• Provides better public image

• True economical option 

Conclusion
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Demonstration details

A few facts of 
tunnel testing…
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Frequently Asked Question #1

No. In order to create steam to any harmful extent, the volume of 
the hot enclosure must be comparable the volume of 
instantaneously generated steam (= vapor at above 100°C).

A tunnel has a huge volume. It is not an enclosed space and the fire 
is still small in relation to the volume; there is no instantaneous
evaporation of a large amount of water filling large areas very 
quickly. The expansion of water as it evaporates is compensated by 
cooling of the gases. A fire in a tunnel of the size that could cause 
problems with steam would be THE problem already by itself.

Our experience from thousands of fire tests as well as today’s 
demonstration will show that there are no steam related problems. 
With water mist surrounding the fire, it is actually possible to get very 
close to the fire as water mist absorbs radiant heat very effectively.

Will steam be created to any harmful extent to people?
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Frequently Asked Question #2

No. HI-FOG with its excellent penetration will be able to fight 
the fire even with ventilation running. 

The penetration capability is THE key property really 
differentiating water mist systems from each other. HI-FOG 
has been proven in full scale fire tests to possess the 
necessary penetration needed to withstand winds and to 
have a long throw. In the Eurotunnel tests the ventilation was 
5 m/s and the penetration of HI-FOG was better than that of a 
conventional sprinkler system producing large droplets!

Does ventilation prevent the small droplets from reaching 
the fire?



Marioff Corporation Oy Tuesday, 23 November 2004 26

Frequently Asked Question #3

Deluge: This is naturally up to the detection system and its 
capability to pinpoint the fire correctly under ventilated 
conditions. 

Sprinkler: With the HI-FOG solution using water mist screens 
it is possible even with individual bulb activation to pinpoint 
the correct location of the fire.

Could the system activate in the wrong location?
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Frequently Asked Question #4

In case of fire, visibility gets quickly worse whether water mist 
is used or not. The initial stage of a fire with smoke layering 
nicely at the apex of the tunnel does not last long.

Plain water discharge without fire makes the surrounding 
foggy but does not block the visibility. Orienting yourself is still 
possible.

Will the visibility get worse as water mist is discharged?
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Frequently Asked Question #5

Isn’t it just better to let the fire burn and maintain good 
visibility?

No. The good visibility is maintained only in the very 
beginning of the fire. As the fire keeps on burning and 
growing, visibility is lost quickly and fire fighting efforts get 
considerably harder every passing minute.

THE ONLY WAY TO PREVENT A FIRE FROM GROWING 
TO CATASTROPHIC SCALES IS TO START ACTIVE FIRE 
FIGHTING MEASURES AS EARLY AS POSSIBLE AT THE 
POINT OF ORIGIN OF THE FIRE.
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Demonstration details

Effect of ventilation in a full size tunnel

No HI-FOG, no 
ventilation

With HI-FOG, no 
ventilation
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Demonstration details

Effect of ventilation in a full size tunnel

No HI-FOG, 
ventilation in use

With HI-FOG, 
ventilation in use
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THANK YOU

www.hi-fog.com


