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SITUATION
Situated in the Mangfall Mountains in the rural 
district of Rosenheim, the Maigraben represents an 
orographic left tributary of the Inn. Its long, narrow 
catchment area covers about 1.8 square kilometers 
up to the village of Flintsbach. The highest point 
within the catchment area is the Rehleitenkopf 
Mountain with a maximum height of 1324 meters 
above sea level. The height difference from there to 
the river mouth into the Gießenbach is about 880 
meters. The mean channel slope is 47%. Geologi-
cally, the Maigraben is situated in the Hochbaju-
warikum within the Lechtal-nappe. The Lechtal-
nappe is built up of hard and resistant limestone 
alternating with easily weathering clay and marl-
stone.
After deglaciation, weathered material, slope 
deposits and scree accumulated and were redepos-
ited in valleys and alluvial terraces. The torrent 
runs largely in erodible sediments and interbedded 
rock formations. Consequently, it is able to erode 
and transport a large amount of bed load into the 
valley.
The annual precipitation in the catchment is about 
1800 millimeters. Maximal precipitation amounts 
of 140 millimeters in 24 hours can occur during 
rainfall events with a return period of 100 years. 
For these rare events, the discharge including bed 
load, as calculated with the precipitation-runoff 
model, is 11 m³/s. The potential risk arising from 
the Maigraben is high. The main reasons are the 
steep gradient, the high potential for bed-load and 
woody debris, the danger of mudflows and the 
position of the village Flintsbach in the alluvial fan.
In the upper part of the Maigraben torrent control 
measures were already in place by around 1900. As 
a result of floods and mud flows the structures had 
to be repeatedly repaired and adapted. Currently, 
there are one bed load retention dam situated just 
above the village of Flintsbach, 24 consolidation 
check dams along the Maigraben and two longer 

sections with a paved torrent bed. On top of the 
general abrasion, the large flood event of 2009 
caused a lot of damage in the upper and middle 
reaches. Some consolidation check dams entirely 
lost their stability.

SOLUTION
In 2011 the state office for water management in 
Rosenheim started planning the reconstruction of 
the structures described above. It became clear that 
the reconstruction of the badly damaged dams 
between 895 meters and 1020 meters above sea 
level inside the narrow gorge would not be eco-
nomical. The existing roads are too long and steep 
for modern construction equipment. The recon-
struction was therefore limited to a series of five 
consolidation check dams at the end of the gorge. 
Because of its consolidating effect on the debris 
masses in the upper part of the channel, this series 
of check dams was identified as the most important 
key structure in the Maigraben.

IP_2016_EA161

Figure 1. Formwork and completed pilaster strips
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The bricked dams subject to renovation reach 
heights of up to five meters. They showed various 
signs of damage such as cracks caused by toppling 
rocks, bulges or displacements. The state office for 
water management in Rosenheim usually repairs 
this kind of damage by installing a new dam struc-
ture quasi as facing formwork (armourstone in 
front of a reinforced concrete plate). For logistical 
reasons an alternative construction method was 
needed. A possible solution was to back-anchor the 
dams into the genuine debris with concrete pilaster 
strips and drilled hole injection anchors. With these 
measures it was possible to restore the stability of 
the constructions. The consequences of this solu-
tion were reduced material requirements, transport 
costs and a reduction in manual labor.
The stability proofs were done on the basis of the 
partial factors of Eurocode 7 and the upplementary 
German regulations by DIN 1054. For the conven-
tional construction as well as for the described 
backanchoring the same reliabilities (slip resistance 
> 1,00 / overturning resistance > b/6 / base failure 
resistance > 1,00) have to be assured. An economic 
efficiency calculation on this basis shows, that the 
described backanchoring provides a cost saving of 
about 30% compared to a conventional construc-
tion. A more detailed investigation of variants 
regarding cost effectiveness was not done in this 
case. For the design of the anchors and pilaster 

strips, the earth pressure was assumed to be the 
total, the water pressure half the dam height. The 
support width of the pilaster strips was estimated  
at 3.50 m. The structural analysis covered slip 
resistance, overturning resistance and base failure 
resistance. The restoration work was carried out  
by the technical construction team of the state 
office for water management in Rosenheim.
Preparation included chisel work on the belay and 
the anchor drilling. For both, a walking excavator 
with a drilling rig was used. After grouting the 
anchors (diameter 40/20, 3 layers, 15° inclination, 
length about 7 m) a layer of blinding concrete was 
applied. The reinforcement and the one-sided 
formwork for the pilaster strips were erected and 
fixed to the existing dam. Finally, after concreting 
and striking, the stilling pools and the adjacent 
slopes were paved with armourstones in the usual 
manner.

CONCLUSION
The described renovation option was implemented 
by the state office for water management in Rosen-
heim for the first time. Altogether, the procedure 
proved feasible and economical. An increase in 
labor intensity only arose from complex adjust-
ments to the formwork of the existing dam. In our 
opinion, the reconstructed dams also fit well in the 
landscape.
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Figure 2. Longitudinal and cross 
section


