How to ensure better consideration and
mitigation of the shrinkage-swelling risk of

clays?
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For several years, climate change in Lux-
embourg has increasingly resulted, among
other things, in precipitation deficits, which
causes damage linked to the phenomenon
of shrinkage—swelling of clays, affecting
both buildings and infrastructures. The
south of Luxembourg, with its predomi-
nantly marly and clayey Triassic and Jurassic
rocks, is particularly at risk. While the usual
stabilisation methods are often used, such
as underpinning or injecting under the foun-
dations, they have several drawbacks. As an
alternative, innovative rainwater reinjection
methods have been tested by our office, with
encouraging results, and could help to pre-
vent the occurrence of damage to structures.
At the same time, the establishment of a
hazard map and the development of techni-
cal regulations specifying the parameters to
be determined and the tests to be carried out
would allow better management of the risk
by all stakeholders, as well as the limitation
of related costs.

Introduction

or several years, climate change
F in Luxembourg has increasingly

resulted, among other things, in lower
levels of precipitation than usual, which
causes the appearance of damage linked
to the phenomenon of shrinkage-swelling
of clays, affecting both buildings and infra-
structures. To illustrate this rainfall deficit,
Figure 1 shows the water balance measured
in Oberkorn and Remich cities, respectively
located in the southwest and southeast of
Luxembourg. The water balance represents
the remaining water quantities after the
evapotranspiration, the streamflow, and the
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Depuis plusieurs années, le changement
climatique au Luxembourg se traduit de
plus en plus, entre autres, par des déficits
de précipitations, ce qui provoque des
dommages liés au phénoméne de retrait-
gonflement des argiles, affectant aussi bien
les batiments que les infrastructures. Le sud
du Luxembourg, avec ses roches triassiques
et jurassiques a prédominance marneuse
et argileuse, est particulierement menacé.
Alors que les méthodes de stabilisation
habituelles soient souvent utilisées, telles
que le sous-appui ou l'injection sous fon-
dations, elles présentent plusieurs incon-
vénients. Dés lors, des méthodes alterna-
tives innovantes de réinjection des eaux
pluviales ont été testées par notre cabinet.
Ces méthodes ont montré des résultats
encourageants et pourraient contribuer a
prévenir des dégradations sur les ouvrages.
Parallélement, I'établissement d'une car-
tographie des aléas et I'élaboration d'une
réglementation technique précisant les
parametres a déterminer et les essais a
réaliser permettraient une meilleure ges-
tion du risque par I'ensemble des acteurs,
ainsi que la limitation des codts associés.

variation of water storage. The data shows
that the water balance has been decreasing
since 2004, which demonstrate a drying
trend for the territory of Luxembourg.

Por muchos afios, el cambio climdtico en
Luxemburgo ha dado como resultado entre
otras cosas, a un déficit de precipitaciones,
causando danos relacionados con fend-
menos de contraccioén-dilatacion de arcillas,
que han afectado tanto a edificios como a
infraestructura. La parte sur de Luxemburgo,
que estd formada predominantemente por
rocas margosas y arcillosas del Tridsico y
Jurdsico, es una zona de riesgo. Aunque se
utilizan los métodos tradicionales de esta-
bilizacién, como reforzamiento o inyeccion
de las fundaciones, estos presentan ciertos
inconvenientes. Como alternativa, nuestro
grupo ha probado métodos innovadores,
utilizando reinyeccidn de agua de lluvia, con
resultados alentadores que podrian preve-
nirla ocurrencia de dafios a estructuras. Al
mismo tiempo, la creacién de un mapa de
riesgo y la elaboracion de especificaciones
técnicas, indicando los pardmetros a con-
siderar y las pruebas a realizar, permitiria
un mejor manejo del riesgo para todas las
partes involucradas, ademds de la limi-
tacion de los costos involucrados.

Unlike in other countries, the natural
hazard of shrinkage-swelling of clays,
related to soil moisture, is not recognised by
insurance companies. Moreover, our expe-
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Figure 1: Water balance in the cities of Oberkorn and Remich (Luxembourg Agriculture Ministry, 2021).
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Figure 2: Geological map of the Grand Duchy of Luxembourg (GSL, 2009).

rience in Luxembourg and in the south of
Belgium has demonstrated that this natural
hazard is often unknown or misunderstood.
For existing structures, actions dealing with
it are limited and consist in intervening after
damage has occurred, but it is possible to
plan ahead for new construction projects.

Some countries, like France, have appro-
priate legislation and risk maps, which is
not the case in other countries like Belgium
or Luxembourg. The zones of foreseeable
geological risks are not yet defined, and if
the client does not surround himself with
specialists aware of this risk, it will almost
inevitably be forgotten, with the significant
consequences that this could sometimes
have. However, the phenomenon of the
shrinkage-swelling of clays is one of the
most widespread geological risks with
consequences accentuated by the climate
change, and which directly or indirectly
affects a very large number of people.
Indeed, as this phenomenon is linked
to the humidity of clay soils, the occur-
rence and intensity of this phenomenon
will probably continue to increase in the
future. Therefore, it is absolutely necessary
that awareness of the existence of this risk
is raised and that it be taken into account
in risk management from the design phase
of the project.

In this paper, we will focus in more detail
on Luxembourg, where a large part of the
territory is made up of clay or clayey rocks.
After a brief description of the geological
situation and the characteristics of clay, we
give an overview of the risks associated with
its behaviour that are increasingly encoun-
tered because of climate change, discuss the
classic methods of remediation and then
explain an innovative method tested on a
full-size site. We will thus show the results
obtained in the context of remediation,
keeping in mind that this technique can
also be used to prevent risks and not only
to remediate them.

All these considerations will allow us to
draw several conclusions on the methods
and means that could be implemented to
promote awareness and thus contribute
to reducing the risk. Indeed, too often we
intervene only after damage is observed,
when it would be simpler and less expensive
to prevent the risk rather than to remedy it.

Geological background
Geology of Luxembourg
Luxembourg is divided in two geologi-

cal regions, with different landscapes and
bedrock. These two regions reflect the geo-

Coordinate reference system : LUREF (IGNF:LLIREF)
@ 77295E | 75120N {10 place Guillaume ], L-1648 Luxembourg)

logical history of the Grand Duchy.

In the north, the Eisleck region is charac-
terised by deep valleys incised in Devonian
rocks (predating the Pragian and Emsian
times) folded during the Hercynian orog-
eny. These formations represent the geo-
logical foundation of Luxembourg, and
are mainly composed of schists, metasand-
stones, slates and quartzites (bluish-grey
schists being the most common rock type).
These rocks came from muddy and sandy
sediments that have been consolidated over
the ages. The formation thicknesses built up
to several thousands of metres, and then
were transformed during the Hercynian
orogeny. Geological formations with schis-
tosity are common in the Eisleck region,
associated with second- or third-order folds
(GSL, 2009).

From the Lower Triassic onwards (Bunt-
sandstein), marine transgressions covered
the eroded and folded Devonian basement
and successively deposited sediments. The
alteration products from the continent,
more precisely from the Hercynian chain,
were then transported by rivers and waves
to the marine environment and the finer
elements were carried to the seabed, where
the sedimentation of clays and carbonates
took place. When these elements were
brought into lagoons (Middle Triassic), the
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Figure 3: Mineral structure of clays (Beaufort & Pagel, n.d.; Houti, n.d.; Lafuerza, 2017).

Figure 4: Graphic shrinkage and swelling (DPPR-SDPRM, 2008).

detrital input then stopped, and the tropical
climate of the Triassic period allowed strong
evaporation of water and clay-evaporation
sedimentation. This successive sedimenta-
tion led to the rocks of the southern Lux-
embourg that we know today, such as marls
and sandstones.

The area remained marine again until the
Middle Jurassic. Subsequently, further uplift
processes due to the Alpine orogeny led to
the erosion of these sediments in the north
of the country, leaving the Devonian rocks
exposed in the Eisleck region.

In the Gutland region in the south of
Luxembourg, however, some of these Tri-
assic and Jurassic sediments have remained.
Gutland is thus characterised by a succes-
sion of hard and soft consolidated sedimen-
tary rocks, which gradually plunge towards
the southern end of the country. It is in this
region that in the present time marls and
clays are encountered.

Definition of clay

Clay minerals are fine cohesive materials,
composed of layers with water molecules
between them. Clays are characterised
by a grain size of less than 0.002 mm and
are composed of minerals belonging to
the phyllosilicate family (silicate minerals
arranged in layers). Clay is a versatile min-
eral raw material: malleable and generally
plastic when moist, it becomes cohesive,
brittle, and crumbly after drying. Com-
pound materials and clayey rocks, such as
marl, also contain clay minerals and form
generally soft rocks that retain the changing
properties of clays in contact with water.

The sheets structuring the clays are in
the nanometre range, and their size and
structure depend on the minerals that com-
pose them. There are two-layer structures,
tetrahedral layers and octahedral layers;
the alternation of these layers with cations
forms the different minerals constituting the
clay materials. Examples include kaolinite,
glauconite, smectites, vermiculite and chlo-

rite (Foucault & Raoult, 2005). The layered
structure of clays allows them to trap water
molecules longitudinally, and thus avoid
their vertical circulation. Their layered
structure gives the clays strong imperme-
ability and allows them to play an important
hydrogeological role.

The different minerals can be grouped
mainly into three families called 1:1 or TO,
2:1 or TOT, and 2:1:1 or TOTO, where T
stands for a tetrahedral layer and O for an
octahedral layer. The following table gives
examples of the different family structures.

For example, the interfoliar space of
smectite, like other clay minerals, depends
on its hydration. Thus, the thickness of the
smectite sheets is one of the most subject
to variation.

Clay shrinkage-swelling phenomenon

Due to the mineral structure, clay mate-
rials are predisposed to the phenomenon
of shrinkage and swelling. Clay materials
exhibit different behaviour depending on
their water content. Thus, a wet clay soil
becomes sticky and plastic while the same
soil in a dry state becomes brittle or even
powdery. This change in texture is also
accompanied by a variation in volume:
wet clay soil tends to swell whereas it will
tend to settle when it dries out (shrinkage
phenomenon following the reduction in
volume). The shrinkage cracks (“desicca-
tion cracks”) which appear in a dry clay soil
visually translate this variation in volume,
which is simultaneously manifested by a
vertical compaction of the soil. The inten-
sity of the phenomenon is linked both to
climatic conditions and to the minerals that
compose the clays — smectite, vermiculite
and montmorillonite are minerals that are
very prone to the problem of shrinkage and
swelling.

The swelling of clays occurs when water is
absorbed, which increases the soil volume;
physically this swelling results in a spread-
ing of the clay layers. Shrinkage occurs
when the clay dries out significantly, for
example during a drought. Water evapo-
rates from the clay, reducing its volume. The
clay layers tighten, and the clays become
hard and brittle. Shrinkage and swelling
of clays is therefore a climate-dependent
phenomenon.

The geological horizons likely to be
impacted by the shrinkage-swelling phe-
nomenon are cohesive formations with a
high clay content such as clays or marls,
these types of formation are located largely
in the south of Luxembourg, in the Gutland
region (Gruslin, S., 2019).

A wooded environment is also an aggra-
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Figure 5: Desiccation crack inside a ventilated
void of a house without a basement. The clays
are totally dry on the inside, but their water
content continues to vary on the outside, causing
differential settlement and the appearance of
cracks.

Figure 6: Cracks typical of a shrinkage-swelling

phenomenon.

vating factor, as tree roots tend to draw
water from the ground. In Luxembourg and
other countries with a temperate climate,
the zone of influence of this phenomenon
varies between 1.0 and 1.5 m deep under
grass cover, but can expand to 2.5 or even
4.0 m in the presence of large trees nearby.
In addition, it is considered that a tree cre-
ates around it a permanent moisture deficit
over a radius varying between 1 and 1.5
times its height (DPPR-SDPRM, 2008).

Typically, the structures affected by this
phenomenon are individual houses, often
built with foundations on continuous foot-
ings embedded shallowly in the ground,
devoid of break joints and surrounded by
trees or hedges. Annexes added to a main
building with shallow or less substan-
tial foundations are also generally more
affected.

This phenomenon of shrinkage-swell-
ing of clays leads to differential settlement
of parts of the construction that are more
protected and parts that are more exposed
to moisture variations, creating structural
disorders that result in particular in cracks
in the walls. These cracks exhibit a cyclic
behavior: they tend to close in winter and
to open in summer, with an increase in the
volume of the clay soil during rainy periods,
and a decrease in volume and settlement
periods of drought. In addition to the fact

that these shrinkage-swelling cycles ulti-
mately weaken the structures, they also
make any lasting repair work impossible.
Therefore, the shrinkage-swelling issue
should be dealt with before considering
repair work. This work is generally expen-
sive, which is why being able to anticipate
risks and protect against them in advance
would be beneficial for new construction.
The shrinkage and swelling of clays
are not dangerous geological hazards in
themselves, but they can cause significant
damage to buildings and infrastructure. In
temperate zones such as Luxembourg, the
phenomenon of clay shrinkage induced by
droughts causes the most damage. In the
context of global warming, drought phe-
nomena will be more frequent and more
severe, which is why it is necessary to quan-
tify this hazard and to propose sustainable
construction methods adapted to this envi-
ronment (IFSTTAR 2017, Guide 1).

Geotechnical investigations

In addition to a glance at the geologi-
cal map and a minimum knowledge of the
geological and geotechnical conditions of
the terrain, several relatively simple and
quick tests are sufficient to determine
whether the construction soils present a
risk of shrinkage-swelling. These include
the Atterberg limits, tests to determine the
limits of shrinkage or even tests to deter-
mine the clay content, either the blue value
test or — even better — mineralogical analy-
ses to determine the proportion and type
of clay minerals, some being more at risk
than others of modifying the volume in the
event of a change in the moisture content.
Indeed, the blue test, although it is very
quick and easy to use, is limited by the fact
that methylene blue is in fact preferentially
adsorbed by clays of the montmorillonite
type (swelling clays) and organic matter.
The other clays (illites and kaolinites) are
not very sensitive to blue (IFSTTAR 2017,
Guide 1) .

In addition to these tests, the determina-
tion of the water content makes it possible
to check whether there is a difference in
natural water content between the protected
zone and the exposed zone or even accord-
ing to the seasons. Significant variations in
water content are an additional indicator for
quantifying the risk.

These tests, which are easy to perform
and relatively inexpensive, are often left
out, either for cost reasons or for time
constraints, with project owners gener-
ally wanting the project to move forward
as quickly as possible. However, taking a
little more time at the beginning of the

Topic - Climate

project saves money and worries for the
future. For larger projects, oedometer com-
pressibility tests also provide a good idea of
the deformation behaviour of foundation
soils. The development of technical rules or
binding specifications requiring a minimum
number of geotechnical tests to be carried
out would make it possible to identify the
risk and to be able to protect against it.

For structures affected by the phenom-
enon of shrinkage-swelling of clays, sev-
eral classic remediation techniques exist.
They are briefly summarised in the next
section. However, these techniques have
the big disadvantages of being expensive
and sometimes causing relatively significant
damage to the environment.

Typical mitigation techniques

To remedy the problem, it is possible to
act either on the environment close to the
construction, or to act on the foundations,
or to act on the structure itself (IFSTTAR
2017, Guide 3).

First of all, it is necessary to control the
variations of water infiltrating the soil and
avoid having areas saturated with water
and others not. However, this measure
alone will not be sufficient. To limit vari-
ations in water content in the soil in the
immediate vicinity of the foundations, the
construction of a waterproof belt around
the house can also be considered. This can
be done by surrounding the building with
a watertight system that is as wide as pos-
sible (minimum 1.5 m wide) protecting its
immediate periphery from evaporation and
keeping runoff water away that can infil-
trate and modify subsoil water conditions.
This system can be achieved by means of
a concrete sidewalk or any other material
with sufficient sealing or, in particular for
aesthetic reasons, using a geomembrane
buried under the topsoil to prevent changes
in soil moisture (DPPR-SDPRM, 2008).

As far as possible, all shrubby vegetation
should be kept away from the building at
a distance of less than 1.5 times its height
at maturity. In the event that felling is not
possible, the creation of an anti-root screen
can be considered. This consists in setting
up a screen opposing the roots of a depth
greater than the root system, with a mini-
mum depth in all cases of 2 m, along the
facades concerned. It should also be ensured
that the consequences of a heat source
located in the basement (boilers, etc.) are
limited to prevent the ground from drying
out around this heat source. If necessary, a
thermal insulation device is to be provided
(DPPR-SDPRM, 2008).

The most important and most suitable
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measure to avoid any problem in the future
is to carry out an adaptation of the founda-
tions in order to increase their anchoring
depth and to extend them deeper than the
slice of the ground concerned by the vari-
ations in the moisture content. For exist-
ing foundations, this can generally be done
either by a classic underpinning of the foun-
dations, by using micropiles, or if we want
to correct the settlement instead to resolve
the problem, by means of expanding resin
injections. Micropiles and underpinnings
can be carried out without major specific
engins, but only make it possible to support
the existing foundations without being able
to counter the deformations which have
already occurred. Injections have the advan-
tage of being able, to a certain extent, to
pressurise the existing foundations, which
makes it possible to correct (at least in part)
the deformations but requires a specialised
company. The equipment used is also com-
pact, which is better in narrow areas.

For economic and ecological reasons,
the use of innovative more eco-friendly
methods requiring little equipment would
be preferred. For this reason, we tested on
a full-scale site the reinjection during the
dry period of water captured and stored
during the wet period. This makes it pos-
sible to maintain a constant water content
in the clays whatever the season and thus
to avoid any movement. Another advantage
of this method is that it can be a method
of prevention and not only of remediation.

Case study

The studied case is a single-family build-
ing affected by differential settlement in the
south of Luxembourg.

General context

The analysed building is a single-family
house with a plan dimension of 12x11 m,

BS1 Bs2

Heterogeneous filling

T, Clay, weakly fine-sandy to
2 fine-sandy and silty to heavily silty

TM, Clay, grey

Weathered
claystone-marlstone
4w

Figure 8: Site soil stratigraphy.

Haterogeneous filling

TM, Clay, weakly fine-sandy
1o fine-sandy and silty to
heavily silty

TM, Clay, grey

Figure 7: Photos of the building.

with 3 floors and a basement. It is located in
Esch-sur-Alzette, in rue Bessemer (Figure
7). The construction is from the 1920s and
it is located at the end of a complex of ter-
raced houses positioned along the street on
the southwest side. Boulevard Prince Henry
develops in a northwest-southeast direction
at 15 m from the house. The semi-detached
building is located on the northwest side.
The land descends along the boulevard
about 10 m at a distance from the site of 300
m in the southeast direction. The building
is surrounded by a garden and plants and
large trees are located near the cadastral
limit at 5.0 m on the south side.

Geological and geotechnical context

The studied site is situated in layers form
Toarcian (Upper Lias) period according to
the geological map. These are composed of
foliated, claystone-marlstone rocks with
calcareous concretions. The covering clays
resulting from the stones weathering have
medium to high plasticity.

The site-specific stratigraphy was deter-
mined with a geotechnical survey (WPW
Design Office, 2019). Three boreholes (BS1,
BS2, BS3) and two light dynamic tests
(DPL2, DPL3) were carried out (Figure 8).
The light dynamic probing provides data

DPL2 BS3

on the clay consistency. Taking as the 0.0
level the building’s ground floor, the soil is a
sandy and silty fill between -0.90 and -2.70
m. In BS2 and BS3, clays of different colors
(ranging from red to gray with depth) of
stiff to very stiff consistency are found up
to -5.10 m. Between -5.10 m and -6.0 m
the clays have a stiff consistency, then the
number of blows increases until the weath-
ered claystone is reached. As indicated in
Figure 8, the number of blows is very dif-
ferent in BS2 and BS3. This is related to
the different moisture content, with a more
plastic behaviour in the BS3 borehole due
to its higher moisture content. The clays
between -2.60 m and -5.10 m were classi-
fied as firm. Up to the weathered claystone
layer (-7.10 m), the clays are then classified
as stiff. The weathered claystone was found
under -6.8 m in borehole BS1.

The consistency difference can be
found in the soil water content. The analy-
sis revealed a very significant difference
between the area exposed to the east at the
depth between -3.90 and -6.90 m (BS3,
water content of 26%) and the southwest
areas (BS1, w=14.1 %, BS2 w=14.5 %). At
this depth, clays in boreholes BS1 and BS2
are classified “TM” (clays with medium
plasticity) and in BS3 “TA” (clays with
high plasticity) following DIN 18196. The

DPL3

Heterogeneous filing

T, Clay, weakly
fine-sandy to fine-sandy
S and silty to heavily silty

TM, Clay, grey
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Figure 9: X-ray diffractogram on a clay sample taken from BS3 borehole (WPW Design Office, 2019).
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Figure 11: Plan view of the basement, direction of slab support, crackmeters and borehole position
and crackmeter No. 5.
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plasticity index of a clay sample from the
borehole BS3 at a depth between -3.90 m
and -6.80 m is 37.4 %.

A mineralogical analysis with an X-ray
diffractogram was done on the claystone
(BS1, depth between 6.90 and 10.0 m)
and on a clay sample (BS3, between -4.10
and -7.10 m, Figure 9). This showed the
presence, among other things, of smectite-
chlorite, together with more common clay
minerals like illite and kaolinite (Figure 9).

Building structure and events history

The building structure is made of sand-
stone masonry. During the works, a weak
presence of bonding mortar between the
stones was discovered. The perimeter walls
are 50 cm wide at their base and founded
on an unreinforced concrete footing 80 cm
wide at -3.50 m from the ground floor. The
main structural element of the floors slabs
and the roof are timber beams. The ground
floor is made of steel beams with concrete
filling between them. The building slabs
are unidirectional in the west-east direc-
tion. The foundations of the entrance stairs
were at -2.40 m from the ground floor. The
reinforced concrete roof of the entrance is
supported by the pillars and by the perim-
eter wall of the house through notches.

The current owner has occupied the
building during the last 20 years. During
this time, microcracks were noticed but
their size did not affect the aesthetics and
structure of the building. From March 2018,
the magnitude and diffusion of the cracks
suddenly increased, especially on the south-
southwest side (Figure 10). The crack pat-
terns show a rotation of the building in the
south-west direction. Due to its relatively
low weight and a higher foundation level,
the entrance suffered major rotations, as
visible in Figure 10.

Further investigations also revealed a
malfunction of the downspouts. The pipes
were blocked by debris, and they were
perforated by shrubs roots located along
the external wall of the house. As result,
the pipes could not evacuate the rainwa-
ter properly. Afterwards, the pipes were
repaired, and the shrubs removed.

A monitoring system was set up in
November 2019 using six crackmeters
(PPW-POLYPLAN-WERKZEUGE GmbH,
Rissobservator Artikel-Nr.: 1395, see Figure
11). The cracks were monitored over a six-
month period. No further opening of cracks
was noted. On the contrary, the cracks
partially closed during the autumn-winter
seasons due to the increase in moisture
content.
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The analysis of the behaviour of the
cracks from the crackmeter measurements
and the data collected in the geotechnical
investigations led to the conclusion that
the phenomenon was indeed linked to the
shrinkage-swelling of the clays situated at
_________ the level of the foundations. The signifi-

nspocton 3 ’ cant evolution and formation of cracks that

|1 == R e took place during the year 2018 could be

> Porforatad 4 Drainage 7 [Fow e i for ity i explained partially by the diminishing water

£ chimi P o 7 Eﬂ;’:_ﬂ?ﬁﬁiﬁ@;w balance that characterised the preceding

ros wels 540 s ONAH0|—-Euming sevage s period. Furthermore, the presence of dense
% Rainwater vegetation and large trees along the house
?Imm and the property limits accentuated the

problem. Other factors could have been
the south-west exposition of the damaged
part of the house, which was more subject
to the drying process and the downspout
malfunction.

The north-east side suffered minor
damages overall. The presence of artificial
irrigation for the garden and the different
exposition positively influenced the behav-
iour of the soil.

Control
valve

Stabilisation works

The stabilisation works started in June
2020. The objective of the intervention was
to protect the soil under the foundations
from important changes in the moisture
content from the action of the nearby veg-
etation and drought periods. In order to
avoid costly interventions such as a founda-
tion on micropiles or underpinning of the
perimeter walls of the house, a less invasive
solution was chosen in order to maintain
the water content at stable values.

The main measure was the installation

of a DN100PVC perforated pipe along the
west and south sides at approximately 4.50
m away from the house foundations. The
installation depth was set at -2.70 m, on
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Figure 14: Stabilisation works: filling of the drainage trench, tank installation, perforated pipe for soil moisture management.
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top of the clay layer. The tube was coated
with gravel and a non-woven geotextile.
Two inspections wells were also installed
along the pipe for maintenance purposes.
The system is connected on the north-west
side of the sewage system to avoid excessive
water flow in the soil. In order to provide
a renewable water supply, a new rainwa-
ter tank collector was installed and con-
nected to the renewed rainwater network.
The water flow is controlled by a manual
valve installed on the pipe in the tank with
an overflow pipe connected to the sewage
system installed in the tank to avoid flood-
ing.

In addition to the main stabilisation
intervention, secondary measures were
carried out. The basement was protected
by a waterproofing layer and a drainage
layer was installed on the basement wall
to divert excess water into a new drainage
pipe near the foundations.

The entrance was founded on a more
superficial layer (-2.40 m), was thus more
sensitive to the shrinkage-swelling phe-
nomenon, as more superficial soil is more
affected by variations in the moisture con-
tent due to seasonal effects. Consequently,
the entrance was demolished and rebuilt
with a new foundation at the same level as
the building. The project overview is high-
lighted in Figures 12 and 13. Some photos
of the intervention are shown in Figure 14.

Post-intervention monitoring and results

The crackmeters were monitored during
and after the stabilisation works. Figure 15
shows the evolution during the months fol-
lowing the intervention of the most critical
crackmeter (No. 5), located at the south-
west corner of the building (the most dam-
aged part).

The analysis of the data shows the cracks
started closing right after the crackmeter
installation (November 2019). This is prob-
ably due to a seasonal effect. The perforated
pipe for soil moisture control was opera-
tional from the end of July 2020. Figures
15-17 show that between autumn 2020 and
February 2022 the crack size has been gen-
erally decreasing. Crackmeter No. 1 is less
impacted due to its location at the north-
east side of the construction, which was
less damaged.

Conclusion: the necessity for better man-
agement and changing the perception of
risk

Clays concern a large part of the terri-
tory in places such as Luxembourg and the
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Figure 15: Measurements from crackmeter No. 5 (Nov. 2019 to Feb. 2022) .
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Figure 16: Measurements from crackmeters No. 1 and 2 (Nov. 2019 to Feb. 2022) .
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Figure 17: Measurements from crackmeters No. 3, 4, and 6 (Nov. 2019 to Feb. 2022).

phenomenon of the shrinkage-swelling of
clays due to variations of soil moisture,
which could be further accentuated by cli-
mate change, impacts many people and will
only increase in the future. The develop-
ment of technical rules or binding speci-
fications requiring a minimum number of

geotechnical tests to be carried out would
make it possible to identify this risk and be
able to protect against it. The development
of risk maps, which already exist in other
countries, would have the advantage of
targeting areas at risk and providing easily
accessible and interpretable data, even to
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non-specialists.

Innovative and more environmentally
friendly methods should be developed
and promoted from the start of construc-
tion projects, in addition with the correct
management of rainwater. All of this would
allow better management account of the
risk by all stakeholders, as well as the limi-
tation of related costs. The maintenance of
moisture in the soil near the foundation

could be used in the future to stabilise
or prevent possible damage to structure.
The relative low cost compared to classical
solutions makes this option very attrac-
tive. Furthermore, the excess water stored
in rainwater tanks could be used for other
purposes, like plant irrigation and creating
value for the building. The system could be
improved by automation, with soil mois-
ture content sensors installed in the bore-

holes or piezometers of the geotechnical
survey. The data could be collected in a data
logger. Automatic post-processing of the
data could warn the user to open or close
the water valve. In some systems, such as
condominiums, it could be useful to have
a smart system with an electromechanical
valve in order to make the process com-
pletely automatic.
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