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1. Introduction to the shrinkage -
swelling phenomenon (RGA)

ᶯ An "idealized" element of a 
saturated soil subjected to a 
drying path (drought) records 
both a volume deformation (red 
arrows) in the direction of 
shrinkage and a loss of mass 
related to the evaporation of the 
water present in the soil 

2On this drying path, the water 
content of the soil decreases 

and conversely, the suction 
increases and the soil 

becomes unsaturated in the 
final state

ᶱÃɅ ʌțǸ ɳǍʌț ɐȒ 
țʔɃȡǱȡ̟ǪǍʌȡɐɅ ǩʳ ʭǍʌǸɶ 

ȡɅ̟ȺʌɶǍʌȡɐɅ ṵɶǍȡɅȒǍȺȺṶṞ ʌțǸ ɾɐȡȺ 
ʔɅǱǸɶȓɐǸɾ ʌțǸ ɳțǸɅɐɃǸɅɐɅ 

ɐȒ ɾʭǸȺȺȡɅȓ ȡɅ ʌʭɐ ɾʌǍȓǸɾ 
ṵéǸȡȒȒɾʌǸǪȶṞ ᶯᶷᶷṶʊ

Soil suction which can be 
influenced by meteorological 
conditions and those of the 
close environment, is likely to 
affect the kinetics of shrinkage 
under the effect of drought

4 ÃɅ ʌțȡɾ ʭǸʌʌȡɅȓ ɳǍʌțṞ ʌțǸ ʭǍʌǸɶ 
ǪɐɅʌǸɅʌ ɐȒ ʌțǸ ɾɐȡȺ ȡɅǪɶǸǍɾǸɾ ǍɅǱ 
ǪɐɅʬǸɶɾǸȺʳṞ ʌțǸ ɾʔǪʌȡɐɅ ǱǸǪɶǸǍɾǸɾ 
ǍɅǱ ʌǸɅǱɾ ʌɐʭǍɶǱɾ ʽǸɶɐ ʭțǸɅ ʌțǸ 
ɾɐȡȺ ǩǸǪɐɃǸɾ ɾǍʌʔɶǍʌǸǱ ȡɅ ʌțǸ 
̟ɅǍȺ ɾʌǍʌǸ Ǎʌ ʌțǸ ǸɅǱ ɐȒ ʌțǸ 
ǪɐɃɳȺǸʌǸ ǱɶʳȡɅȓẁʭǸʌʌȡɅȓ ǪʳǪȺǸ

The natural processes of shrinkage 
and swelling are a succession of 
variations in the water content of a 
clay soil under the effect of hydric 
and cyclic solicitations influenced by 
the meteorological conditions of 
drought and rainfall

Ighil Ameur (2023)



1. Introduction to the shrinkage -
swelling phenomenon (RGA)
ü ÿǸɾʌǸǱ ǪȺǍʳ ɾɐȡȺ ǪɐȺȺǸǪʌǸǱ ȡɅ ɾȡʌʔ ʔɾȡɅȓ Ǎ 
ɃǸǪțǍɅȡǪǍȺ ɾțɐʬǸȺ

ü ĞɐȺʔɃǸʌɶȡǪ ɾʌɶǍȡɅ ǱʔɶȡɅȓ ɾțɶȡɅȶǍȓǸ ǍɅǱ 
ɾʭǸȺȺȡɅȓ ʌǸɾʌɾ

¶Mʉ ᶯ ǍǪǪɐɶǱȡɅȓ ʌɐ ʌțǸ 
!ʔɾʌɶǍȺȡǍɅɾʌǍɅǱǍɶǱ !ñ ᶯᶰᶶᶷṣᶵṣᶯẁ
ᶰᶮᶮᶱ

Ighil Ameur (2023)



ṣɳ uɅʌɶɐǱʔǪʌȡɐɅ ʌɐ ʌțǸ ɾțɶȡɅȶǍȓǸẁ
ɾʭǸȺȺȡɅȓ ɳțǸɅɐɃǸɅɐɅ ṵég!Ṷ

Hydric paths Imposed RH 
(%)

Duration 
(hours ) Cycles

Preconditioning 40.0 48.0

Drying path 40.0 to 0.0 108.5

æȺǍʌǸǍʔ 0.0 48.0

Cycle repeated
3 times

Wetting path 0.0 to 80.0 184.0

Plateau 80.0 48.0

Drying path 80.0 to 0.0 195.0

Plateau 0.0 48.0

ü Example of a DVS test (dynamic vapor 
sorption)
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Fredlund and Rahardjo
(1993):

ü >țǍɅȓǸ ȡɅ ɃǍɾɾ Ǎɾ Ǎ ȒʔɅǪʌȡɐɅ ɐȒ ɾɐȡȺ 
ɾʔǪʌȡɐɅ ǱʔɶȡɅȓ ʌțǸ EĞñ ʌǸɾʌ ṵuȓțȡȺ 
!ɃǸʔɶṞ ɴɲ ᶰṶɵ



Cracking 
desiccation on clay 

soils

Climate change

Close 
environment

Á Since 2015, severe and recurrent 
droughts during a long period 
sometimes including the winter 
season

Á Recurrent heatwaves and 
disrupted seasonality

Á Since 2022, cracks and damages of 
infrastructures have a tendancy to 
appear quickly during the drought
period

Á Drought insured damage 
increases yearly and becomes the 
first insured natural hazard in 
France  

>ȺȡɃǍʌǸǪțǍɅȓǸ ǸȒȒǸǪʌɾṝ 
ɾɐɃǸɐǩɾǸɶʬǍʌȡɐɅɾ

2. How the RGA phenomenon evolves 
under climate change effects since 
2015 in France?
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ÁEɶɐʔȓțʌ ǸʲɳǍɅɾȡɐɅ ȡɃɳǍǪʌɾ ɐʌțǸɶ ȡɅȒɶǍɾʌɶʔǪʌʔɶǸɾ
ÁgǸɐȓɶǍɳțȡǪǍȺ ǸʲʌǸɅɾȡɐɅ ɐȒ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅ ȡɅ 
ʌǸɶɃɾ ɐȒ ǸʲɳɐɾʔɶǸ

Á¶ɐɶǸ ʌțǍɅ ɐɅǸ ȡɅ ʌʭɐ țɐʔɾǸɾ ȡɾ țȡȓțȺʳ ǸʲɳɐɾǸǱ ʌɐ 
ʌțǸ ég!

ÁEɶɐʔȓțʌǩǸǪɐɃǸɾʌțǸ ǪɐɾʌȺȡǸɾʌɅǍʌʔɶǍȺțǍʽǍɶǱʌțǸɾǸ
ȺǍɾʌ ᶯᶮ rǸǍɶɾ

ÁEɶɐʔȓțʌ ȓɶǍǱʔǍȺȺʳ ɾɳɶǸǍǱɾ ǍǪɶɐɾɾ ʌțǸ ʭțɐȺǸ ɐȒ 
fɶǍɅǪǸ

ÁñɐȡȺ ǱǸɾȡǪǪǍʌȡɐɅ ɳɶɐɳǍȓǍʌǸɾ ǱǸǸɳǸɶ ṵɃɐɶǸ ʌțǍɅ ᶱ ɃṶ
Á!Ʌ ǸʲǪǸɳʌȡɐɅǍȺ Ǳɶɐʔȓțʌ ȡɅ ᶰᶮᶰᶰ

Post -2015 highlights:

Bike 
lanes

Earthwor
ks

Railwa
ys



ṣɴ oɐʭ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅ ǸʬɐȺʬǸɾ 
ʔɅǱǸɶ ǪȺȡɃǍʌǸ ǪțǍɅȓǸ ǸȒȒǸǪʌɾ ɾȡɅǪǸ 
ᶰᶮᶯᶳ ȡɅ fɶǍɅǪǸṤ

20202010

Ἄ =ég¶ ᶰᶮᶰᶮ© BRGM 2010

48%24%

ü Geographical extension of the RGA phenomenon in terms of 
exposur e



ṣɴ oɐʭ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅ ǸʬɐȺʬǸɾ 
ʔɅǱǸɶ ǪȺȡɃǍʌǸ ǪțǍɅȓǸ ǸȒȒǸǪʌɾ ɾȡɅǪǸ 
ᶰᶮᶯᶳ ȡɅ fɶǍɅǪǸṤ

2017 2021

ố ʂʉ  ᶳᶱᶵ = 109 030© IGN ṾInsee 2021 © IGN ṾInsee 2021

Data source : ONRN 2014 (MàJ 2016) EǍʌǍ ɾɐʔɶǪǸ ṝ ñEMñ ᶰᶮᶰᶯ

Total = 4 278 
087

Total = 10 430 
299

oȡȓț ɐɶ 
ɃɐǱǸɶǍʌǸ

ü More than one in two houses is highly exposed to the RGA



2. How the RGA phenomenon evolves 
under climate change effects since 
2015 in France?ü Drought becomes the costliest natural hazard these last 10 

years



2. How the RGA phenomenon evolves 
under climate change effects since 
2015 in France?

üEɶɐʔȓțʌ ȓɶǍǱʔǍȺȺʳ ɾɳɶǸǍǱɾ ǍǪɶɐɾɾ ʌțǸ ʭțɐȺǸ ɐȒ fɶǍɅǪǸ

On average since
2016, in these
three regions , 
average annual
charges have 
increased tenfold

Comparison of average annual charges by department before and since 2016 (© 
MRN 2023)



ṣɴ oɐʭ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅ ǸʬɐȺʬǸɾ 
ʔɅǱǸɶ ǪȺȡɃǍʌǸ ǪțǍɅȓǸ ǸȒȒǸǪʌɾ ɾȡɅǪǸ 
ᶰᶮᶯᶳ ȡɅ fɶǍɅǪǸṤ

Desiccation propagation diagram between 2020 
and 2022

Mean rainfall and volumetric water content change as a function of time in 
2022/2023

ü2022 drought is severe with a very low levels of rainfall and VWC=5% from July to October

üDuring 32 consecutive days in 2023 winter (January to March), it was an impressive drought 
without precipitation and a VWC gap of 15% which habitually observed in April/May

üSoil desiccation was developed essentially under the 
roadside until 1 .0m depth in 2020 but it propagated 
more until 3.0m depth in 2022

uȓțȡȺ !ɃǸʔɶṵɴ ᶮᶰṶɵ

ü Soil desiccation propagates deeper (more than 3 m)



2. How the RGA phenomenon evolves 
under climate change effects since 
2015 in France?ü!Ʌ ǸʲǪǸɳʌȡɐɅǍȺ Ǳɶɐʔȓțʌ ȡɅ ᶰᶮᶰᶰ

Map of recognized and unrecognized
municipalities Cat -Nat drought 2022 (© 
Cerema 2024)

Distribution of drought Cat -Nat decrees (© France 
Assureurs 2023)

In 2022, drought affected almost the entire metropolitan territory: 
92 departments including 3 for the first time in history ( Côtes

d'Armor , Finistère , South Corsica)



3. Information and awareness on the 
RGA consequences

France Assureurs (2022)

ü Distribution of average annual costs due to drought by 
department in metropolitan France with current climate
and by 2050 (CCR, 2023)



3. Information and awareness on the 
RGA consequences

B®chade (2014)

ü Influence of the 
vegetation

The drainage around the 
construction must be up to 
standards and reliable to 
avoid unwanted infiltration 
that could cause the 
foundations to collapse

ü Influence of the water 
cycle

Photo credit: Luis Furushio É¬f 
EǸɾȡȓɅ

Photo credit: Luis Furushio É¬f 
EǸɾȡȓɅ

oɐʔɾǸ

Clay 
soils

Environme
nt

Vegetation is not a 
problem when planted 
at an adequate 
distance to avoid 
increasing soil suction 
by the roots



ṣɵ uɅȒɐɶɃǍʌȡɐɅ ǍɅǱ ǍʭǍɶǸɅǸɾɾ ɐɅ ʌțǸ 
ég! ǪɐɅɾǸɵʔǸɅǪǸɾ

ü uɅǍǱǸɵʔǍʌǸɶǍȡɅʭǍʌǸɶ
ǸʬǍǪʔǍʌȡɐɅɾʳɾʌǸɃ

ü Influence of the 
vegetation ü Construction 

defects

ü >ɶǍǪȶȡɅȓ 
ɃǸǪțǍɅȡɾɃɾ

Deformation mode caused by
peripheral shrinkage of the soil under 

the house

Deformation mode caused by localized 
shrinkage of the soil due to influence of 

trees

Deformation mode caused by
settlement of a facade wall

¬ǍɶȓǸ 
ǪɶǍǪȶɾ

¬Ǎɶȓ
Ǹ 
ǪɶǍǪ
ȶɾ

Larg
e 

crac
ks

Paveme
nt

üÃɶȡȓȡɅɾ ɐȒ ɾʌɶʔǪʌʔɶǍȺ ǱǍɃǍȓǸ ǱʔǸ ʌɐ ʌțǸ Ǳɶɐʔȓțʌ ǍɅǱ ǸʲǍɃɳȺǸ ɐȒ ǪɐɅɾǸɵʔǸɅǪǸɾ ɐɅ ȡɅǱȡʬȡǱʔǍȺ țɐʔɾǸɾ 
ṵuȒɾʌʌǍɶ Ǹʌ uɅǸɶȡɾṞ ᶰᶮᶯṶƫ



3. Information and awareness on the 
RGA consequences

Watermark ® 
probes

Monitor® data 
logger

EǍɃǍȓǸ ɃǸǪțǍɅȡɾɃɾɐȒ Ǎ ɶɐǍǱ ǸʲɳɐɾǸǱʌɐ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅṵ¶ǍȓɅǍɅṞ 
ᶰᶮᶯṶɵ

ü MʲǍɃɳȺǸ ɐȒ ̟ǸȺǱɃɐɅȡʌɐɶȡɅȓ ɐȒ Ǎ ɶɐǍǱ ʌɐ 
ʔɅǱǸɶɾʌǍɅǱțɐʭ ɾɐȡȺǱǸɾȡǪǪǍʌȡɐɅȡɅȡʌȡǍʌǸɾ
ǍɅǱ ɳɶɐɳǍȓǍʌǸɾ

ü Suction evolution maps as a function of 
time 



3. Information and awareness on the 
RGA consequences

5

Longitudinal cracking 
and differential 
settlement near road 
edges

1

Drying -wetting cycles (droughts 
increasingly accentuated by the 
effects of climate change)

4
uɅǪɶǸǍɾǸǱ ɾʔǪʌȡɐɅ ȓǸɅǸɶǍʌǸǱ 

ȡɅ ʌțǸ ʽɐɅǸ ɐȒ ʌțǸ ɶɐɐʌɾ 
ȡɅ̠ʔǸɅǪǸ ɐȒ ʌțǸ ʬǸȓǸʌǍʌȡɐɅ 

ǩɐɶǱǸɶȡɅȓ ʌțǸ ɶɐǍǱ

2

The RGA phenomenon

3
Desiccation waves during 
a drought episode at 
ground level under 
roadsides

Reiffsteck 
(1999)

Béchade 
(2014)

üoɐʭ ʌțǸ ég! ɳțǸɅɐɃǸɅɐɅ ȡɃɳǍǪʌɾ ʌțǸ ɶɐǍǱ ȡɅ ȡʌɾ ǪȺɐɾǸ 
ǸɅʬȡɶɐɅɃǸɅʌṤ



ṣɸ EɐǸɾ ɳɶǸʬǸɅʌȡɐɅ ǍȺȺɐʭ ʌɐ ɶǸǱʔǪǸ 
ég! ʬʔȺɅǸɶǍǩȡȺȡʌȡǸɾṤ ĥǸɾṞ ǸǍɶȺȡǸɶ Ǎɾ 
ɳɐɾɾȡǩȺǸṠ
2015

2016

ᶰᶮᶯᶵ

2018

2019

2019

ᶰᶮᶰ
ᶮ

ᶰᶮᶰ
ᶮ



4. Does prevention allow to reduce 
RGA vulnerabilities? Yes, earlier as 
possible!

(c)

όōύ(a)

(d)

Winter

{ǳƳƳŜǊ

όŜмύ

(e2)



4. Does prevention allow to reduce 
RGA vulnerabilities? Yes, earlier as 
possible!

ğțǸɅ ȒǍǪǸǱ ʭȡʌț ɾȺɐɳȡɅȓ ȓɶɐʔɅǱ ǍɅǱ 
ǸʲɳɐɾǸǱ ǩǍɶǸ ɳǸɶȡɃǸʌǸɶṞ ǍɳɳȺʳ ʌțǸ 
ɅǸǪǸɾɾǍɶʳ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ Ȓɐɶ 
ɳǸɶȡɳțǸɶǍȺ țɐɶȡʽɐɅʌǍȺ ʭǍʌǸɶɳɶɐɐ̟Ʌȓ 
ǍɅǱ ǍǱǸɵʔǍʌǸ ʭǍʌǸɶ ǱɶǍȡɅǍȓǸ

If possible, as a precaution, move buried 
networks away from the facades to avoid, in 

the event of leaks, any impact on the 
foundations while waiting for the damaged 

pipes to be renovated

If possible, keep all vegetation (trees, 
shrubs, hedges, etc.) away from the 

facades (as a guide, the recommended 
distance is d = 1.5 times the height of the 

vegetation at maturity) If possible, replace the 
hedge with a non -vegetal 
fence (metal or wood for 
example)

éǸȓʔȺǍɶȺʳ ǪțǸǪȶ ʌțǸ 
ǪɐɅǱȡʌȡɐɅ ɐȒ ʌțǸ ɾǍɅȡʌǍʌȡɐɅ 
ɅǸʌʭɐɶȶɾ ʌɐ ɳɶǸʬǸɅʌ ȺǸǍȶɾ 
ǱʔǸ ʌɐ ʌțǸ ɳɐɾɾȡǩȺǸ ǪɶǍǪȶȡɅȓ 
ɐȒ ǩʔɶȡǸǱ ɳȡɳǸɾ ǩʳ ʌțǸ ég!

h



5. New approaches and innovative 
RGA projects for the adaptation

üÿțǸ ¶!>o ɾɐȺʔʌȡɐɅ ẇ¶!ȡɾɐɅ >ɐɅȒɐɶʌǹǸ ɳǍɶ oʔɃȡǱȡ̟ǪǍʌȡɐɅẈ ǱǸʬǸȺɐɳǸǱ ǩʳ >ǸɶǸɃǍ




