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Slope protection with an earth retaining
system: respectful of natural resources and

the landscape

Steve Gruslin'* and Domenico Nola’

Heavy rains in June 2018 damaged a road
between Echternach and Berdorf (Luxem-
bourg) so severely that it had to be closed.
The river along the road below it destroyed
the existing stabilisation structures, such
as retaining walls and gabion walls, and
severely eroded the natural slope covering
the underlying Luxembourger Sandstone.
Water infiltrated the embankment, caus-
ing landslides extending in several places
to below the body of the roadway. After
clarifying the geological situation and
determining the geotechnical parameters
of the materials, renovation was carried out
using natural materials present on the site,
which were used to recreate load-bearing
structures reinforced by geogrids and
adapted to the landscape in topographi-
cally very difficult conditions. From a sus-
tainability standpoint, landslide materials
and locally excavated materials were reused
in a resource-saving manner.

uring the night of 31 May to 1
D]une 2018, several parts of the

Grand Duchy of Luxembourg
were severely affected by violent thunder-
storms, which were sometimes accompa-
nied by floods. This was particularly the
case for the Mullerthal region, nicknamed
"Luxembourg’s Little Switzerland", which
is a popular tourist and hiking destination.
The road linking Echternach to Berdorf and
Beaufort (CR364), which runs along the
Aesbach Valley on the south side, was par-
ticularly affected (Figure 1).

Due to heavy rains, with rainfall of up
to 90 litres per square metre, several land-
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Les fortes pluies de juin 2018 ont gravement
endommagé une route entre Echternach et
Berdorf (Luxembourg) au point que celle-
ci a da étre fermée. La riviere le long de la
route en contrebas a détruit les structures de
stabilisation existantes, telles que les murs
de souténement et les murs en gabions,
et a érodé la pente naturelle recouvrant
le gres luxembourgeois sous-jacent. Leau
s'est infiltrée dans le remblai, provoquant
des glissements de terrain s'étendant a plu-
sieurs endroits jusqu'en dessous du corps
de la chaussée. Aprés avoir clarifié la situa-
tion géologique et déterminé les parametres
géotechniques des matériaux, la rénovation
a été réalisée avec des matériaux naturels
présents sur le site, qui ont permis de recréer
des structures porteuses renforcées par des
géogrilles et adaptées au paysage dans des
conditions topographiquement tres diffi-
ciles. Du point de vue de la durabilité, les
matériaux des glissements de terrain et les
matériaux excavés localement ont été réuti-
lisés de maniére a économiser les ressources.

LE GOUVERNEMENT
DU GRAND-DUCHE DE LUXEMBOURG
Administration du cadastre

et de la topographie

exactitude. a actualits, a la fiabilits et lintégralité de ces Informations.
Droits d'auteur. Administration du Cadastre et de la Topographie. http://g-o.

Las fuertes lluvias caidas en junio de 2018
danaron una vialidad entre Echternach y
Berdorf (Luxemburgo) tan gravemente que
tuvo que ser cerrado. A lo largo y debajo de
la carretera, el rio destruyé las estructuras
de estabilizacion existentes, como muros
de contencién y muros de gaviones, erosio-
nando severamente la pendiente natural
que cubria la subyacente arenisca de Lux-
enburgo. El agua percolé en el terraplén,
provocando deslizamientos de tierra que
se extendieron en varios lugares por debajo
de la calzada. Tras esclarecer la situacion
geoldgica y determinar los pardmetros geo-
técnicos de los materiales, se procedid a la
rehabilitacion utilizando materiales natu-
rales presentes en el drea, que sirvieron para
recrear estructuras portantes reforzadas
por geomallas y adaptadas al paisaje en
condiciones topogrdficamente complejas.
Desde el punto de vista de la sostenibilidad,
los materiales del deslizamientos de tierra
y los materiales excavados localmente se
reutilizaron de manera de optimizar los
recursos.
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Figure 1: Location of the two zones on the topographic map (zone 1 on the right, zone 2 on the left).
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Figure 2: Location of the 2 zones on the geological map (zone 1 on the right, zone 2 on the left).

slides occurred. In addition, the Aesbach
flood caused considerable damage to the
embankments and protective structures of
the roadway, consisting of retaining walls,
gabion walls and backfills. Many buildings
were also severely affected by the floods,
and several bridges and walkways were
completely destroyed. Given the geology
and the topography of the area, the occur-
rence of small landslides is not uncommon
in the region, but never with the magni-
tude of these which occurred due to the
bad weather, so the road had to be closed
immediately.

The damage that occurred and the
corrective measures implemented are
described below for two areas in particular,
but many other areas required emergency
measures to be put into place. In addition
to the measures described below, a large
number of renovation measures such as
retaining supports, installation of drain-
age systems, etc. were carried out on the
entire road, but they are not the subject
of this article.

The geotechnical studies and the plan-
ning of the measures allowing the rehabili-
tation of a portion of approximately 1.1 km
of the CR364 road were carried out by the
design office Géoconseils S.A. on behalf of
the “Administration des Ponts & Chaus-
sées du Luxembourg”.

Geological situation

Accordingtothe geologicalmaps of Lux-
embourg (Figure 2), the section of the road

concerned is located on sandstones from
the Lower Liassic (Jurassic), indicated as
“li,” on the maps. Due to the presence of the
river, this geological layer has been eroded
in places, giving outcrop or approaching
underlying geological layers such as marls
and limestones (Lower Liassic: li,), clay
and clayey marls (Upper Keuper: ko,),
sandstones and argillites (Upper Keuper:
ko,) and variegated marls (Middle Keuper:
km,).

+ Theli, (more commonly known as
"Luxembourg Sandstone") is com-
posed of calcareous sandstones
of whitish color alternating with
sandstones, of which the calcare-
ous cement is less present or totally
absent, of yellowish color.

+ Theli, ("Elvange Marls"), is made up
of alternating dark gray marls and
partially sandy limestone beds.
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« The ko, ("Rhaetian: Argile de Leval-
lois — Levallois Clay") are clays and
red clayey marls, the presence of
which strongly influences the risk of
landslides (by acting as a soap layer).

» Theko, ("Rhaetian: Mortinsart Sand-
stone") is composed of sandstones,
conglomerates and black laminated
argilites.

«  Finally, the km, (“Keuper with com-
pact marnolites”) is made up of
motley marls with thin dolomitic
beds that may contain gypsum.

Due to the topography and the steep
slopes, all these geological formations
are covered by non-cohesive slope 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 weath-
ering materials along the slopes.

Figure 3: Examples of damage: cracks on the road (a); damaged gabion retaining wall (b).
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ency in the dry state, but they are very sen-
sitive 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
i materials that are not very cohesive.

b j The water masses resulting from the
SegaeE heavy rains coming from the hill above
the site reached the road, ran off on the
embankment and caused significant ero-
sion on the surface. The water which pen-
etrated under the road quickly crossed
the permeable layers (backfills and scree)
and mobilised the sliding surface consti-
tuted by the Rhaetian layers, so that all the
embankments and scree slipped, which led
to the appearance of cracks in the road-
way. Reconnaissance boreholes allowed
us to estimate that around 10,000 m® of
underground materials had slipped. Figure
4 shows the cause of the damages, inter-
preted using the results of the exploration
boreholes and the position of the cracks

Stabilization CR 364
Disorders observed afler the event of 1 June 2018
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Figure 4: Interpretation of the situation based on the results of the boreholes.
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Figure 5: Principle of stabilisation with the Reinforced Earth System.

Zone 1
Damage and its causes

Damaged area 1 islocated in the eastern
part of the affected site. At this point, the
Aesbach River is in the immediate vicinity
of the CR364 road.

This area suffered a significant slip of the
slope under the road (Figure 3a), causing
it to crack. In addition, a bridge on the
hiking trail over the Aesbach was com-
pletely destroyed. The lower part of the
slope also shows strong traces of scour and
erosion due to the force of the stream.

West of the site the slope was stabilised
by gabions. Because of the speed and
increased density of the stream due to
sediment, floating debris and boulders that
were transported, the gabion wall present
over part of the area was undermined and
considerably damaged (Figure 3b). The
lower layer, which forms the basis of the
entire retaining structure, was particularly

affected. The road was affected by numer-
ous longitudinal cracks due to the loss of
wall integrity and landslides.

Geological and geotechnical surveys

For the geotechnical survey, three recon-
naissance boreholes of 11 m, 12 m and 15
m depth, respectively, were carried out. To
determine the geotechnical characteristics
of the various layers required for geotech-
nical calculations and sizing, laboratory
tests were carried out on representative
core samples: classification tests (water
content, Atterberg, particle size analysis)
and uniaxial compressive strength tests.

The geotechnical investigations carried
out encountered stony and gravelly back-
fills under the road over thicknesses of up
to 3 m. Below there is slope scree consist-
ing of sand and gravel with encrusted and
partiallyalteredlayers of the Upper Triassic
(Rhaetian) and the layers of the Middle
Keuper. Rhaetian layers have high consist-

(GEOCONSEILS S.A., 27/09/2018; 2019).
Corrective actions undertaken

In order to find a sustainable solution
and to protect the road against future heavy
rains, the damaged existing embankment,
which already had very steep slopes, was
replaced by a steep embankment made of
natural materials reinforced by geogrids
that fits perfectly into the landscape.

Extensive geotechnical studies and cal-
culations have shown that landslides can
reoccur in affected areasif only limited cor-
rective measures are put in place near the
surface. To avoid long-term instabilities, it
was necessary to excavate the entire body of
the slip over the entire width of the roadway
and down to the layers of Rhaetian at risk of
slipping (Figure 5). The curved path of the
Aesbach created additional requirements
by limiting the space available for the basis
of the reinforced earth construction

Fromasustainability standpoint, most of
the excavated material could be reused for
backfllling 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
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Figure 6: The TensarTech GreenSlope system: its principle (a) [reproduced with the permission of Tensar] and on site (b) .
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Figure 7: Stability calculations of the reinforced earth system.

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 hori-
zontal geogrids is 66 cm. The reinforce-
ment 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 vis-a-

Figure 8: Stabilisation system under construction.
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vis the existing slope, steps were made in
the naturalland, with a slope of 5° outwards
toallow good drainage of infiltration water.

The lengths of the geogrid were adapted
to the geometry of the supportingbodyand

Figure 9: Landslide at the “Preacher’s Chair”.
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Figure 10: Situation map of the reinforced earth construction at the “Preacher’s Chair”.

to the constraints of the road and the land
and were between 5 m and 8 m. In total,
around 8,000 m? of geogrids were installed
in this section. Control of the compaction
of the backfill material was carried out by
means of plate loading tests on each layer.

For protection against erosion, a mat
was placed behind the face of the steel grid
element which also allows rapid revegeta-
tion. 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 topog-
raphy of the site, the reinforced earth con-
struction 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
8 shows the reinforced earth construction
under construction in April 2019 (Meyer
etal., 2019).

”

Zone 2

The 2™ zone is located in the western
part of the damaged road, approximately
50 m higher than damaged zone 1. In this
area, the road embankment was also con-
siderably eroded by heavy rains and water
seeping into the embankment destabilised
the road and caused landslides in sev-
eral places. The largest landslide affected
the tourist area known as the “Preacher’s
Chair”

In this location, the waters of the stream
are channeled under Route CR364. Due
to the debris carried during the storm,
the existing pipes were blocked and could
not handle the volume of water associated
with the severe weather. Consequently, the
water overflowing from the pipeline seeped
into the embankment of the road, creat-
ing a large landslide which locally washed
away all the CR364 road. Each subsequent
rainfall further accentuated the instabili-
ties created by the June 2018 storm.

For the geotechnical survey, 2 core bore-
holes of 11 m and 14 m were carried out,

Figure 13: Situation before (a) and after (b) stabilisation.
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Figure 11: Stabilisation system under
construction.

Figure 12: Rock outcrop integrated into the
stabilisation system.

in combination with laboratory tests.This
made it possible to highlight a geological
situation different from that encountered
for the first zone. The sloping scree here
has thicknesses of up to 7 m. We then find
the Luxembourg sandstone, both weath-
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ered and unweathered. The landslides were
therefore caused by the large amounts of
water seeping through the non-cohesive
screes, which, combined with the steep
slope, created the movement (GEOCON-
SEILS S.A., 17/10/2018).

Earth retaining system

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 (Figure 10).

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. The retaining
structure therefore fits harmoniously into
the landscape.

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 12 shows the
state of construction in April 2019. A rock
outcrop integrated into the exterior face of
the backfill is visible (Meyer et al., 2019).

A comparison between the initial situa-
tion after the landslide and the final situa-
tion is visible in Figure 13. The entire slope

References

will be covered in vegetation soon, because
the TensarTech GreenSlope system will
promote vegetation growth on the surface,
helping it to blend in with its surroundings.

Drainage systems

The damage repairs had to take into
account the causes of the damage. Here, it
wastheheavyrainsand the water infiltrated
into the embankment, associated with a
very particular geological and topographi-
cal 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:

o the risk of erosion from the river
o 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 addi-
tion, 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 soften-
ing 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 drainagelayer ofatleast 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 receiv-
ing 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.

Conclusion

The roads and the steep slopes of the
embankments present in the Mullerthal
require special attention due to their topo-
graphical characteristics and the resulting
demands on stability and drainage condi-
tions. Two examples were used to show
how landslides that have occurred can be
remedied economically and safely. Rein-
forced earth constructions are particularly
suitable for this because they can be inte-
grated very well into the landscape thanks
to their design options. The possibility of
reusing the materials excavated on site
ensures a good ecological balance. At the
end of the work, the green support struc-
tures fit harmoniously into the landscape
and, at least in these areas, future damage
from heavy rains is likely to be avoided.
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