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Abstract

The OEBB railway route Arlbergbahn connects the provinces of Tyrol and Vorarlberg and is of great
economic and strategic importance for Austria.

In August 2005 the western provinces of Austria were affected by heavy thunder-storms. Precipitation
of up to 225 mm/day was registered locally. The discharge of the Rosanna-river reached values corresponding
to HQ100 to HQ120. High discharge and bed-load transport led to mainly lateral erosion. The Arlbergbahn
was damaged severely by numerous slope failures, that showed lengths of up to 200 m and heights of up to 35
m.

The geotechnical investigation of the slips showed that this stretch of the railway was erected on a
subsoil of debris flow deposits of a Rosanna-river tributary. This debris flow material overlaid water-bearing
late-glacial to postglacial sediments with grain sizes from sand to silt/clay with high swelling capability and low
shear-resistance. A re-construction of the railway-line along the slope was impossible because the soil showed
low friction angle and coherence. Hence the roadbed was based onto new banks which were raised on rock
breast walls reaching 3.0 m below riverbed-level. The 1.2 m3 large rocks were installed into concrete in two
rows.

The OEBB had to face a total amount of loss due to floods of app. 30,000,000 Euro. All slope failures
described above were caused by both erosion of the railway embankment and water logged soil within the railway
foundation. Reconnaissance of the stretch revealed a poor condition of the drainage facilities. Drainages are
now being rebuilt step-by-step. A Geographical Information System is now being developed on the basis of
a geo-referenced plant database, including the condition of the existing plants, inspections and maintenance
measures as well as a maintenance prognosis.
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The Austrian Arlbergbahn

The OEBB Arlbergbahn is of great economic and strategic importance, but also creating a sense of
identity for Austria.

In the year 1864 the Ministry of Trade in Vienna decided to build a railway connection between the
Austrian provinces of Tyrol and Vorarlberg. A 10.2 km long tunnel through the Arlberg-range was realized
from 1880 to 1884 and opened for traffic on September 20th 1884 by the Austrian Emperor Franz Josef. From
the city of Innsbruck (km 0,000) to Landeck (km 72,085) the Arlbergbahn leads from east to west through
the valley of the river Inn and then follows the Trisanna River in the so called Stanzertal from Landeck to St.
Anton (km 99,590). The Arlbergbahn crosses the border to Voralberg in a tunnel and then descends into the
Klostertal from Langen am Arlberg (km 110,500) to the city of Bludenz (km 134,000).

The stretch from Landeck to St. Anton is referred to as the eastern ramp of the Arlbergbahn. The
railway is situated appr. 40.0 m above the Rosanna River on an average with banks reaching 86.0 m in height
near Wiesberg.

The steepness of the terrain made it necessary to build numerous bridges (fig.1) and outlets. The
maximum inclination of the track is 26.4 on the eastern ramp and 31.4 on the western ramp. The
Arlbergbahn is mainly single-track (fig.2).

The OEBB route Arlbergbahn is the only railway connection between the Austrian provinces of Tyrol
and Vorarlberg. By now the traffic-frequency amounts to approximately 100 trains per day.
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Fig. 1. Historic image of the Trisanna Bridge crossing the Paznaun Valley in a height of 88.0 m. It
was built in 1884 and consists of a 120.0 m long semi-parabolic steel wing-unit resting on bearings
with 3 resp. 4 arches. At the time of construction this bridge was regarded as the longest steel
bridge in Europe (Laublättner, 2004).

Fig. 2. The Arlbergbahn near the village of Braz (Laublättner, 2004)

The Meteorological Situation in August 2005

In August 2005 the western provinces of Austria were affected by heavy thunder-storms. During the
night from August 22nd to 23rd precipitation intensity reached 17 mm/h. Up to 225 mm/day and up to 90
mm in 6 hours were registered locally. Maximum precipitation was recorded in the Bregenzerwald, Vorarlberg
and in the Lechtal, Tyrol (fig.3).

Consequently the discharges of all rivers and torrents in the region increased. The Tyrolean rivers
Lech, Rosanna, Trisanna and Sanna as well as the Bregenzer Ach in Vorarlberg showed discharges exceeding
the HQ100 by far (fig.4).

Two gauges along the Rosanna River in St. Anton and Strengen were destroyed. The discharge of the
Rosanna can thus only be calculated by subtracting the gauge near the village of See (Trisanna) from the gauge
of Landeck (Sanna, shortly downstream from the confluence of Rosanna and Trisanna). This rough calculation
delivers a discharge of more than 200 m3/sec near the village of Strengen, corresponding to a HQ100 to HQ120.
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Fig. 3. Total precipitation during the August 2005 rainfall-event in Western Austria (Chart: Uni-
versity Vienna, Institute of Meteorology and Geophysics)

Fig. 4. Re-Occurrence probabilities of discharges of Austrian rivers during the August 2005 floods
(Chart: Hydrologischer Atlas Österreichs; Abteilung VII/3 - Wasserhaushalt, HZB, Hydro-
graphische Landesdienste)

Processes and Damages (Bertle, 2006)

High discharge and bed-load (fig.5 and fig.6) transport led to mainly lateral erosion. These erosions
caused extensive failures of steep slopes and banks along the Rosanna River (fig.7 and fig.8).

Also the Arlbergbahn was damaged severely by numerous slope failures: West of the railway-station
Strengen two slips of the railway embankment occurred. The failures reached lengths of 130.0 m and 35.0 m
in height (fig.9 and fig.10).

The geotechnical investigation of the slope failures showed that this stretch of the railway was erected
on a subsoil of debris flow deposits of a Rosanna River tributary (fig.11). This debris flow material overlaid
water-bearing late-glacial to postglacial sediments with grain sizes from sand to silt/clay with high swelling
capability and low shear-resistance.

Two more failures with extensions of 100.0 to 130.0 m in length and 7.0 to 10.0 m in height caused
settling of the undercarriage and consequently damages of the rail geometry.

1.5 km east from the railway station of Flirsch the bed of the Rosanna River is narrowed by the Federal
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Fig. 5. Discharge of the Rosanna River near the village of Strengen

Fig. 6. Damages caused by the flood in the village of Strengen

Road on the left hand side and the embankment of the Arlberg Railway on the right hand. In this section
a 200.0 m long and 7.0 m high lateral erosion of the right hand bank of the Rosanna River destroyed the
railway-embankment and the catenary wire including several poles. A nearby embankment slip was 15.0 m
high and 70.0 m long, exposing the tracks (fig.13).

Along the western ramp of the Arlbergbahn extensive flooding softened the railway embankment
causing the derailment of ten tank cars of a freight train (fig.14 and fig.15).

Ad-hoc measures

On August 22nd 2005 travel velocity on the whole Arlberg-stretch was limited to 50 km/h for security
reasons. The Arlbergbahn was closed for traffic on August 23rd, 2005 1:40 a.m. Due to the fact that both the
Arlberg federal highway and the Arlberg freeway S16 were closed for any traffic it was not possible to substitute
trains locally by busses. Passenger bound for Vorarlberg had to be deviated by busses from Salzburg via Munich
and Ulm (Germany).

First in situ investigations revealed that the destroyed embankments could not be re-constructed from
the track due to the large embankment heights. A new routing of the railway-line along the slope was impossible
for geotechnical reasons: sediments showed friction angles of ϕ = 17◦ −−25◦ and coherence c′ = 0 kN/m2. A
new route had to be traced out and constructed on an embankment yet to be built. A short-term re-opening
of the stretch had to be ruled out.
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Fig. 7. Ortho image of the Stanzertal near Strengen before the August 2005 flood (Photo: Amt
der Tiroler Landesregierung, Abt. Vermessung)

Fig. 8. Ortho image of the Stanzertal near Strengen shortly after the August 2005 flood (Photo:
Amt der Tiroler Landesregierung, Abt. Vermessung)

Recovery Measures

In order to quantify the damages due to the flood, to estimate the economic and operational effort
for the reconstruction works and to assess the time needed a civil engineer was contracted to work out a
documentation of the damages.

Since damages also occurred in sections were no breast walls, revetment walls or any other structures
existed before no construction plans were available. Thus new profiles had to be developed for these stretches.
After a calculation of the masses and after the logistic planning of the construction works the re-opening of
the railway was scheduled for December 3rd, 2005.
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Fig. 9. Slope failure west of the station of Strengen

Fig. 10. Slope failure west of the station of Strengen

The extension of the damages and the particularly difficult ground conditions made it necessary to base
the roadbed (partly located 35.0 m above the riverbed) onto 8.0 m wide banks. These banks were compacted
in layers and showed drainage-stripes every 4.0 m in height.

These banks were raised on rock breast walls reaching 3 m below riverbed-level made of blocks with
volumes not less than 1.2 m3. The rocks were installed into concrete in two rows with a backfill of drainage-
concrete. The breast walls were inclined by 3:1.

During the re-construction night-trains were deviated via Germany, other trains were substituted by
busses between Landeck and Bludenz.

The closure of the Arlbergbahn lastet 3 months. Beside the recovery measures after the flood-damages
this time was also used to realize maintenance works and construction projects in other sites along the route.
For instance the crossways (emergency exits) connecting the Arlberg Railway Tunnel and the Arlberg Freeway
Tunnel could be brought forward.

The Arlbergbahn was re-opened for traffic in due time on December 3rd, 2005.

Estimated costs

The OEBB had to face total recovery costs due to floods of app. 30,000,000 Euro not including the
loss of profits for the OEBB Passenger Transportation Company, the OEBB Rail Cargo Company and the loss
of toll fees for foreign railway companies (Infrastructure Utilization Toll).
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Fig. 11. Geological cross-section of the right-hand bank of the Rosanna River near Strengen (Bertle,
2006)

Fig. 12. Rail geometry after settling of the undercarriage

Fig. 13. Tracks exposed after lateral erosion by the Rosanna River
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Fig. 14. Derailment of tank cars on the western ramp of the Arlbergbahn

Fig. 15. Derailment of tank cars on the western ramp of the Arlbergbahn

Fig. 16. Standard cross section of the re-construction measures
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Fig. 17. Basement

Fig. 18. Completion of the rock breast wall

Fig. 19. Founding of the embankment upon the rock breast wall
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Fig. 20. Heavy-duty dumpers and excavators used for the construction of embankment and breast wall

Fig. 21. Removing the tracks

Fig. 22. The railway embankment shortly before completion
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Fig. 23. Crossways (emergency exits) connecting the tunnels of the Arlberg Railway and the Arl-
berg Freeway

Lessons learned

All slope failures described above were caused by both erosion of the railway embankment and water
logged soil within the railway foundation. Reconnaissance of the stretch revealed a poor condition of the
drainage facilities. Drainages are now being rebuilt step-by-step.

A Geographical Information System is now being developed on the basis of a geo-referenced plant
database, including the condition of the existing plants, inspections and maintenance measures as well as a
maintenance prognosis.
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Bischoff, F. (1890) Denkschrift der k. k. General-Direktion der österr. Staatsbahnen über den Fortschritt der
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