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INTRODUCTION
Since the retreat of the Rhine Glacier after the last 
ice Age (about 10‘000 years b.p.), the debris flows 
from the Maschänserrüfe and the Scalärarüfe 
formed an impressive alluvial fan in the Rhine 
Valley. Due to the specific topographic and geologi-
cal situation, debris flows occur regularly every 
year. While the average annual debris yield is 
around 25‘000 m3, the volume of single events may 
vary between 1‘000 and 150‘000 m3.
In order to protect the nearby village Trimmis and 
the agricultural land on the fan, longitudinal dams 
and drop structures had been built to stabilize the 
torrent beds and to prevent debris flow break-outs 
in the 19th century. In 1964, a large sediment 
retention basin with a capacity of 400‘000 m3 was 
built at the confluence of the two main channels 
Maschänserrüfe and Scalärarüfe. A dosage channel 
system - developed and optimized based on physi-
cal and numerical simulations - was added in the 
basin in 2002, in order not only to limit debris flow 
volume but also limit the outflow discharge 
(Schatzmann et al., 2007). The main goal was to 
protect the International Highway and both the 
National Railway SBB and the Private Railway RhB 
which cross the Maschänserrüfe approximately  
2 km downstream of the retention basin.

PROJECT
Due to rehabilitation of the International Highway 
the debris flow channel in that section is recon-
structed likewise. The project perimeter comprises 
the last 360 m of the Maschänserrüfe. In the area 
of the bridge crossings, the current river flows in a 
prismatic, fixed channel. Between the two cross-
ings, the Maschänserrüfe has a mobile bed that is 
stabilized by concrete sills. Aside from one section 
where the riverbank is protected by a riprap, the 
riverbanks consist of concrete sidewalls. Due to the 
high abrasive damage of the passing debris flows, 
the structures have to be replaced and the bed and 

sidewalls must be stabilized. Furthermore, to obtain 
the required discharge capacity below the new 
highway, the channel bed has to be lower by 1 m. 
In addition to the above mentioned transportation 
lines, another three pipelines cross the Maschänser-
rüfe in the project perimeter: (1) a long-distance 
heat line; (2) a high pressure gas pipeline; and (3)  
a wastewater disposal line.

STRUCTURAL MEASURES
The replacement of the bank protection requires 
the underpinning of the existing sidewalls and 
abutments over a length of 600 m. In some sec-
tions, the extent of the underpinning amounts to 
3-4 m, which equals the original wall size. To 
provide stability against gliding, the underpinning 
is equipped with a concrete bracing grounded deep 
under the riverbed (Fig.1 and 2). In addition every 
15 m along the channel, ferroconcrete fingers sized 
0.6 m x 1.0 m connect the bracing with the other 
sidewall to further enhance sidewall stability.
The lowered bed is stabilized with 17 block stone 
weirs constructed in regular intervals. The bed 
below the bridges is fixed with an artificial armour 
layer of blocks laid in concrete. Individual sills that 
prevent erosion and act as a river consolidation 
secure the pipeline crossings.
One of the main challenges during construction is 
to provide a high quality block structure. In order 
to convey the debris flow, it is essential that the 
channel surface, i.e. the bed and the banks exhibit 
a smooth surface. To achieve this goal, the insertion 
of the blocks in the bed and the banks has to occur 
with caution and skill. Given the blocks weights of 
up to 5 tons, it is crucial that the master builder and 
the site manager are experienced and that the 
project provides appropriate time and budget.

EMERGENCY ACTION PLAN
In order to minimize the risks during construction 
an emergency action plan was set into operation. 
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This plan consists of three elements: (1) Prevention 
by adapting the construction process to the weather 
forecast; (2) Alarm, i.e. stop the construction works 
when the precipitation forecast exceeds a prede-
fined critical value; and (3) Emergency, i.e. evacua-
tion of the construction site when the sensor 
system in the upper catchment basin detects an 
actual debris flow. The alarm system applies to the 
channel construction in the winter half year and to 
the highway construction in the summer half year.
The alarm system can prevent considerable damage 
to persons on the construction site if adequately 
installed. An adequate use implies the establish-
ment of risk awareness on the side of the contrac-
tor. The supervision of the implementation by a 
hydraulic engineering expert is vital for the success. 
One main task of this expert is to assess the risk 
situation and to support the contractor on the 
construction site.
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Figure 1. Armouring of the underpinning of the sidewall with bracing at the foot Figure 2. Formwork of the underpinning of the sidewall ready to be filled with 
concrete
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