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Abstract

A fire occurred in the Tauern Tunnel, Austria on 29 May 1999 and caused severe casualties and damage. This paper examines
the damage in the tunnel and the remedial work carried out — with a particular emphasis on the additional safety equipment
required in the tunnel. The Austrian guidelines for tunnel construction have been subsequently revised to improve the fire safety

in tunncls. @ 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Tauern Tunnel: Fire damage; Austrian guidelines; Fire safety

1. Introduction and tunnel data

The Tauern Tunnel is a part of the Al0 Tauern
Autobahn — one of the most important north—south
transit routes through the Alps — connecting the
industrial arcas of southern Germany and northern
Italy. A cross-section of the tunnel is shown in Fig. 1
and the main data for the tunnel are as follows:

e constructed from 1970 to 1974 and opened in 1975;
constructed using NATM with an outer lining of
shotcrete and bolts and an inner lining of unrein-
forced concrete;

length 6400 m;

inclination 1.5%;

transverse ventilation with ceiling and partition wall;
single tube operated in both directions; and
average daily traffic 14 300 vehicles with 20% trucks.

2. Ventilation system

The ventilation system is divided into four sections as

shown in Fig. 2. The two outer sections are operated
from the two portals, the two inner sections from a
ventilation shaft with a depth of 600 m, which is located
in the middle of the tunnel. The accident happened
approximately 700 m inside the north portal, in ventila-
tion section 4.

The existing tube has three cross passages to the
planned second tube and in this area, approximately 60
m of the second tube have already been constructed.
The Tauern Tunnel has no escape tunncls or shelter
caverns.

3. The accident — course of events

The time of the accident was on 29 May 1999 at
05.00 h. At the time, construction works were in
progress in the tunnel, and therefore, one lane was
closed and the other operated in both directions with
traffic lights in the first 600 m of the tunnel from the
north portal (see Fig. 3). The traffic light facing north
(Salzburg) was red, and traffic was tailed back behind
the south facing light. The first vehicles in the south-
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Fig. 1. Cross section of the Tauern tunnel.

bound queue (green light) had passed the construction
site. when a truck crashed with full speed into the
northbound waiting queue. The accident blocked the
both lanes, so that the southbound quecue also had to
stop. Immediately after the accident, a small firc was
detected and a fire alarm was raised from the control
center. The fire brigade from the south portal, which
arrived first, started with attempts to extinguish the fire
and, together with the police, began evacuating passen-
gers to the north portal. In addition, more than 60 car
drivers turned their vehicles around and left the tunnel.
Approximately 30 min after the accident, a flash-over
took place and the tunnel had to be abandoned.
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Fig. 2. Division of ventilation system of the tunnel.
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Fig. 3. Location of accident in the tunnel.

The result of the accident and the following fire
catastrophe in terms of passengers and vehicles in-
volved can be summarized as follows:

e 12 victims, of these
cight can be assumed, from the state of the
cars, to have died in the accident:
another three passengers stayed in their car
and died during the fire:
one person suffocated some 100 m south of the
fire by inhalation of smoke;

e two passengers were rescued from an emergency

call niche by the fire brigade; and
e 24 cars and 16 trucks burnt out completely.

4. Tunnel damage
4.1. General

Five hours after the flash-over, the first attempt was
made to enter the tunnel from the north portal. To
enable this, fresh air was blown into the tunnel from
the north, and the exhaust air ventilators in the next
ventilation section were run at full power. At this first
attempt, the following questions had to be answered:

e Are there still passengers in the tunnel? (At this
time only one victim, who had suffocated, was de-
tected.)

e Is there still fire in the tunnel, and, if yes, what is
the size of the fire?

e Is the tunnel construction still stable enough for
further operations by the fire brigade and other
emergency services?

Fig. 4 provides an impression of the destruction in
the tunnel interior. In the background, one can see the
two 6-m long turned down parts of the ceiling, and
spalled concrete from the side walls all over the pave-
ment.
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Fig. 4. A view of the damaged tunnel interior.
4.2. Ceiling

The ceiling for the two airducts in the tunnel roof
consists of 150 mm reinforced cast-in-situ-concrete.
While 60% of the load from the ceiling is suspended
from the top of the tunnel using the partition wall, 20%
of the load rests on the side walls of the inner lining.
The turned down ceiling showed that the suspension
was still intact, while the support at the side walls failed
due to the depth of the concrete spalling. Therefore,
attention was focussed mainly on the sidewalls, and the
critical phase was when the ceiling cooled down.

Furthermore, a crack in the ceiling was detected in
the arca of the fresh air duct. This crack was due to
temperature expansion which led to an arching being
obstructed by the partition wall (sce Figs. 5 and 6).

From the fact that the cables running on the ceiling
in the fresh air duct were all still intact, it could be
concluded that the failure of the 6-m long section did
not happen during the high temperature phase. On the
bottom of the ceiling, the concrete cover for the rein-

Fig. 5. Cause of ceiling cracking due to temperature expansion.

Fig. 6. A view of the cracked ceiling.

forcement spalled and the steel of the reinforcement
lost its strength due to high temperatures (Fig. 7).

4.3. Sidewalls

In the area of the highest temperatures, the unrein-
forced concrete of the inner lining spalled to a depth of
400 mm over a 100-m tunnel length. Adjacent to this
arca, there was spalling of 50 mm over the complete
side wall surface or locally over another 450 m of
tunnel length. All in all. some 600 m’ of chip-size
spalled concrete had to be removed.

Fig. 7. Spalling of the reinforced concrete on the bottom of the
ceiling.
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Fig. 8. Damage of the cable ducts due to temperature expansion.
4.4. Cable ducts

Due to temperature expansion, the caps of the cable
ducts arched in sections of 50-60 m (Fig. 8), but no
cables in the duct were damaged.
5. Remedial work

5.1 Initial safety measures

The extent of the damage along the length of the
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5.2. Remedial work

Remedial works had to be carried out for:

ceiling

sidewalls

pavement

painting

electrical equipment.

5.2.1. Preparation work

The ceiling had to be pulled down over a length of
300 m. Before the ceiling was pulled down the partition
wall had to be cut from the ceiling using a concrete saw
(Figs. 11 and 12).

On the side walls, 50 mm of the remaining concrete
was removed using high-pressure hoses (1400 bars) to
find a good ground for the new lining (Fig. 13).

5.2.2. Side walls of inner lining
The construction of the remedial works for the inner
lining is shown in Fig. 14 and consists of:

tunnel is shown in Fig. 9. Prior to any remedial works, e connecting rebars to the remaining concrete or
the following safety measures had to be implemented: shoterete of outer lining with a spacing of 750 /750
mm. The tunnel is dry in this area and sealing is
e suspension of the ceiling on both sides (see Fig. 10); only partial. Rebars could, therefore, be drilled in
and the outer lining without paying attention to the
e bolting to prevent the crown of the inner lining scaling (Fig. 15);
from falling down in areas of heavy side wall spalling. e installation of one or two layers of wire mesh using
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Fig. 9. Damage assessment along the tunnel length.






