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Multiple landslides in a natural touristic area (Mullerthal, Luxembourg): causes and
safety works
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ABSTRACT:. The touristic region of Mullerthal (Luxembourg) is an area at particular risk of landslides. In recent years, the
combination of complex geology, steep topography, and heavy rainfall, led to numerous landslides, causing extensive damage, and
blocking roads. The area is also a nature protection area which limits the options for securing the sites and means that innovative
solutions had to be found. The article presents the causes of some landslides, and the solutions implemented to remedy them. The area
is characterized by complex geological formations: sandstones, marls, limestones, and clays whose presence strongly influences the
risk of landslides by acting as a soap layer. For the first landslide, the water masses resulting from the heavy rains crossed the backfills
and mobilized the sliding surface constituted by the clays. About 10,000m? of materials had slipped. The slope damaged was replaced
by a reinforced earth wall constructed with in situ soil. The second landslide, also secured by reinforced earth, was caused by the water
seeping into the embankment. At the third place, the embankments and scree have slipped due to the amounts of water that infiltrated
them. Piles were used to secure the road. The fourth is an old, backfilled landslide area. The landslide occurred because of water seeping
into backfills up to 12m thick, overlying clays. An earth retaining system was proposed. The area of the last landslide is characterized
by slope scree overlying sandstone and marls. Multiple stabilizations were used: micropiles at alternating batter angles, reinforced
concrete cap wall, steel mesh with soil nails, shotcrete wall with self-drilling anchors and subhorizontal drains to improve slope
drainage. Naturalistic engineering measures were provided. These examples demonstrate how landslides can be economically and
safely remedied using both conventional and innovative methods while ensuring environmental constraints are respected and future
stability is guaranteed.
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1 INTRODUCTION calcareous sandstones of whitish color alternating with
sandstones, of which the calcareous cement is less present or
totally absent, of yellowish color. Lil (called "Elvange Marls"),
is made up of alternating dark gray marls and partially sandy
limestone beds. The ko2 ("Rhaetian: Argile de Levallois —
Levallois Clay") are clays and red clayey marls whose presence
strongly influences the risk of landslides (by acting as a soap
layer). The kol ("Rhaetian: Mortinsart Sandstone"),
meanwhile, is composed of sandstone, conglomerates and black
laminated argilites. Finally, km3 (named “Keuper with compact
marnolites”) is made up of motley marl with thin dolomitic beds
that may contain gypsum.

Situated in the east of the Grand Duchy of Luxembourg, the
touristic region of Mullerthal, also known as "Luxembourg's
Little Switzerland", is an area at particular risk of landslides. In
recent years, the combination of complex geology, steep
topography, and heavy rainfall, has led to numerous landslides,
causing extensive damage, and blocking roads for months at a
time. The area is also designated as a nature protection area
(Natura 2000 and drinking water catchment areas), which limits
the options for securing the sites and means that innovative
solutions had to be found. This article presents the causes of
some of these landslides and the solutions being implemented
to remedy them. The document offers five instances, four of N
which are situated on the CR364 route and one on the CR356 A
route (see Figure 1).
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Figure 2. Mullerthal landscape’s geology
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i 5 . s i Due to the topography and the steep slopes, all these
e e e e geological formations are covered by non-cohesive slope
Figure 1. Mullerthal landscape’s location screes, composed of sandstone boulders in a sandy-silty matrix.

These screes are the result of the weathering of the sandstone
and the placement by gravity of the weathering materials along

the slopes.
2  GEOLOGICAL SITUATION

In the projects area, complex geological formations from
Triassic and Jurassic are found, as shown on Figure 2. Li2, more
commonly known as "Luxembourg Sandstone", is composed of
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3 LANDSLIDES

This chapter describes the causes of the various landslides that
have occurred in the Mullerthal and presents the solutions
implemented to remedy them.

3.1 CR364

The first landslide occurred on the road CR364 between
Echternach and Berdorf. During the investigations, stony-
gravelly backfills up to 3 m thick were found underneath the
road. Below is slope scree consisting of sand and gravel with
partially altered layers of the Upper Triassic (Rhaetian) then
finally the layers of the Middle Keuper. Rhaetian layers have a
high consistency in the dry state but are very sensitive to water.
They soften very quickly on contact with water, thus playing
the role of a "soap layer" which, in combination with the
inclination of the layer, can constitute a potential sliding surface
for overlying materials that are not very cohesive. The water
masses resulting from the heavy rains coming from the hill
above the site reached the road, ran off on the embankment and
caused significant erosion on the surface. The water which
penetrated under the road quickly crossed the permeable layers
(backfills and scree) and mobilized the sliding surface
constituted by the Rhaetian layers, so that all the embankments
and scree slipped, which has led to the appearance of cracks in
the roadway. It was estimated by drillings that about 10,000 m3

of underground materials had slipped.

The slope damaged by the landslide was replaced by a
reinforced earth wall between 3 and 9 m high constructed with
in situ soil and polymeric geogrids. Extensive geotechnical
studies and calculations have shown that landslides can reoccur
in affected areas if only limited near-surface stabilization
measures are taken. To avoid long-term instabilities, it was
necessary to excavate the entire slip body over the entire width
of the roadway down to the layers of the Rhaetian formation
where the slip surface developed.

From a sustainability standpoint, most of the excavated
material could be reused for backfilling in a way that saved
resources. In this context, the excavated material, which
consisted of stones, boulders, sand and gravel, was prepared on
site with a crusher to produce backfill material with a grain size
of 0/45 mm, which was temporarily stored on the road outside
the damaged area. In this way, about 70% of the required
backfill material could be obtained, which also had a positive
effect on the ecological balance.

To provide the support structure for the earth retaining
system fill sections, the steep slope system TensarTech
GreenSlope was chosen, which allows slopes between 45° and
70° to be created. This system chosen for reinforcement is an
adaptable, settlement insensitive securing system made up of
steel grid elements in the front and horizontally laid geogrids,
so that the backfill material results in a composite load-bearing
body with a high degree of ductility.

Based on stability calculations using geotechnical
software, the inclination of the elements made of steel grid is
70° and the distance between the layers of the horizontal
geogrids is 66 cm. The reinforcement consists of expandable,
uniaxially stretched, node-rigid and dimensionally stable
geogrids in order to ensure optimal nesting of the backfill
material and high long-term strength. To ensure good grip and
sufficient stability of the backfill in relation to the existing
slope, steps were made in the natural land, with a slope of 5°
outwards to allow good drainage of infiltration water.

The lengths of the geogrid were adapted to the geometry
of the supporting body and to the constraints of the road and the
land and were between 5 m and 8 m. In total, around 8,000 m2
of geogrids were installed in this section. Control of the
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compaction of the backfill material was carried out by means of
plate loading tests on each layer.
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Figure3. Stability alculations (above) and Principe of the Tensar
Tech Green Slope system (under)

For protection against erosion, a mat was placed behind
the face of the steel grid element which also allows rapid
revegetation. As an additional protective measure, blocks of
natural rocks were placed at the Aesbach as protection against
erosion in the event of flooding.

To take into account the uneven topography of the site, the
reinforced earth construction was built to heights of between 3
m and 9 m. In order to obtain a uniform landscape, berms of
about 2 m in width were built every 3 m high. Thanks to the
combination of the green construction in reinforced earth, the
section of road blends harmoniously into the landscape since
the end of the works in summer 2019. Figure 4 shows the
situation before and after the reinforced earth construction
under construction in April 2019.



Figure 4. Situation before and after

The second landslide, also secured by reinforced earth, is
located at the so-called “Priedegtstull” (“Preacher chair”). The
geological situation differs from that of the first zone, with
slope scree up to 7 m thick, followed by the Luxembourg
sandstone, first altered then intact. In this area, the heavy
rainfall also considerably eroded the road embankment. The
water seeped into the embankment and destabilized it, causing
landslides in several places (Figure 4).

Similarly to the Zone 1 renovations described above, the
entire slip body was excavated, and a geogrid reinforced earth
system (Tensar Tech GS System) was implemented.

Here also, material excavated from the slipping zone was
treated on site and reused as backfill material. The variable
geometry of the valley required an adjustment of the height,
which results in different heights of the reinforced earth
structure and the creation of 2 m wide berms.

In addition to the topography of the valley, the highly
variable geometry of the rock that outcropped after the
excavation of the landslide zone created an additional
constraint. In several places, rock points protruded into the
retaining structure, similar to those visible above road level at
the “Preacher’s Chair”. Figure 5 shows the state of construction
in April 2019. A rock outcrop integrated into the exterior face
of the backfill is visible.

Figure 5. Rock outcrop integrated into the stabilization system
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Here too, the retaining structure therefore fits

harmoniously into the landscape, as shown of Figure 6.

Figure 6.  Situation before and after

The damage repairs had to take into account the causes of
the damage. Here, it was the heavy rains and the water
infiltrated into the embankment, associated with a very
particular geological and topographical situation, that led to the
landslides. It is therefore imperative to collect the water through
appropriate drainage systems and discharge it without damage.
Two issues had to be taken into consideration: the risk of
erosion from the river and the risk of runoff and infiltration into
the backfills

Regarding erosion, it was decided to protect the lower
parts with a stone facing to avoid direct contact with water. In
addition, riprap was placed in the riverbed to reduce the speed
of the stream.

To manage the surface water, drainage has been put in
place to prevent water infiltrating into the backfills from
softening sensitive geological layers, and also to prevent
erosion. A drainage ditch was dug at the foot of the load-bearing
structure in order to be able to evacuate surface water which
flows through the structure. The berms have a slope of 5%
towards the outside.

To drain the water coming from the slope, a drainage layer
of at least 30 cm thick of 8/16 mm gravel was installed between
the excavation slope and the supporting structure, separated
from the existing soil by a geotextile. The water is discharged
via a DN 200 drainage system and can be discharged at 2 points
through solid pipes under the supporting structure. The water is
then diverted to the receiving water via constructed drainage
ditches (see also Figure 10). Fortified drainage and overflow
ditches have also been created in other areas where high water
flow could be expected during heavy rains.

The third place is located near the village of Berdorf. There
are backfills and slope scree (6,4 m thick) overlying the
Luxembourg Sandstone. The embankments and scree have
slipped due to the large amounts of water that have infiltrated
them.



As the area affected by the landslide is small and
surrounded by trees, piles were used to secure the road.

The fourth landslide affected the road between Berdorf and
Vugelsmillen. This is an old, backfilled landslide area. The
landslide occurred here because of water seeping into backfills
to 12 m thick, overlying Rhaetian sandstone or km3 marl,
depending on the location. The investigations carried out
suggest the presence of a fault bringing the Rhaetian sandstones
and the Middle Keuper marls into contact at the same altitude
and over a very short distance. This fault undoubtedly affects
the movement of underground water. An earth retaining system
has also been proposed as a solution.

3.2 CR356

The landslide took place on the downstream side slope of road
CR356, between the villages of Mullerthal and Waldbillig. The
area is characterized by slope scree of up to 50° mainly
overlying Luxembourg sandstone and, in the lower part of the
project, the Lil marl formation. The visual observation of a
strike-slip fault and several normal faults clarifies the varying
level at which the rock top has been encountered here, as well
as the presence of the marl at heights where the overlying
sandstone remains in other areas. The entire zone is designated
as a protected zone on account of its water sources.

Multiple stabilizations were used in this project. The safety
factor of the downstream slopes was calculated using the limit
equilibrium method. A series of micropiles were installed at
alternating batter angles, along with a reinforced concrete cap
wall, to stabilize the CR356. Additionally, a shotcrete wall with
self-drilling anchors was implemented to stabilize the bottom
of the slope. A substantial amount of 1000 m* was utilized to
stabilize the slope during shotcreting, in accordance with a
predetermined work phase. Additionally, sub-horizontal drains
were designed to improve slope drainage. To comply with the
standards for natural slopes and the existing masonry wall along
the road, a steel mesh and soil nail were designed to increase
the safety factor. Furthermore, some naturalistic engineering
measures (wooden mesh, palisades combined with the planting
of local pioneer species) were provided to stabilize the first
meter of the steep slopes by improving soil cohesion. Figure 7
shows the different phases of the safety work in progress.

In order to follow the diverse steps of the works, we carried
regularly the site supervision, especially for micro-pile works,
the realization of access ramps made of crushed aggregate, and
the securing of the slope with the steel mesh for example.

During these supervision times with also provide advice on
the reuse of excavated sandstone. A transversale fault had been
also found during the supervision, which allows us to give
additional clues about the global slide, and the presence of marl
found higher than expected.

4 CONCLUSIONS

The roads and the steep slopes of the embankments present in
the Mullerthal require special attention due to their very specific
geological and topographical characteristics and the resulting
requirements for stability and drainage conditions. Several
examples were provided to demonstrate how landslides can be
economically and safely remedied using both conventional and
innovative methods, such as earth retaining systems and
biological engineering, while ensuring environmental
constraints are respected and future stability is guaranteed.
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