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Acquisition parameters
• Unchanged over the 28 days
• TON = TOFF = 4 sec
• 20 chargeability windows
(preset cole-cole configuration)
• Controlled Output tension : 800 mV
• Specific acquisition sequence to

avoid consecutive use of the
electrodes.

Experimental	set-up	
• Syscal Pro	(Iris	Instrument)	with	ComSys
• Injection	:	21	stainless	steel	electrodes
• Potential	:	21	Petiau electrodes
• Injection	and	potential	cables	separated
• Square	configuration	:	20	cm	spacingChargeability

Ma (Apparent	chargeability)	and	Mn (normalized)
- No	clear	trend	or	evolution
- Affected	by	freezing	/thawing
We	used																																					.	Mn shows	no	clear	
difference	between	the	two	materials.																																							

Chargeability	curves	:
- Inflexion	and	amplitude	different	between	the	

materials.
- Repeatable	over	time	on	the	natural	loam.
- The	mix	chargeability	curve	changes	over	time.

Mn = Ma/⇢(Tref.)
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For	cut-off	walls,	the	main	goals		
are	:	
• To	create	an	hydraulic	barrier;	
• To	reinforce	against	erosion.
The	technique	is	:	
• Economic	and	known;
• An	ecological	compromise.

Soil	+	hydraulic	binders	(cement,	lime…)	mixes	are	often	used	:
Cut-off	walls,	slope	stabilization,	infrastructure	subgrade…

If the mix is not well implemented, it can
result inmajor failure of the structures.
There is a need for efficient monitoring
techniques, minimally invasive, to control
the implementation.
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Contact resistance low  (symbols are downsampled for clarity) Low variability 

Results	quality.	The	contact	resistance	stayed	low	over	the	28	days,	despite	freezing/	
thawing	cycles.	The	variability	is	less	than	1	mV/V	for	8	over	12	measurements	on	the	
natural	loam	(undisturbed	during	the	experiment).	

Soil	cement	mix	
w~40-45	%

Apparent	density	2 t/m3

Cement	content	~11	%	(w.t.)
Water/Cement=	0.6

Compacted	loam	
gravimetric	water	content	w=18	%	

Apparent	density	1.7	t/m3

d~20-30	µm 

A B

M N

20 cm

~5cm

0 m 1 m 2 m 3 m 4 m

LoamMix

For	the	sake	of	clarity,	we	only	show	the	measurements	for	4	points
Data	are	filtered	for	|self	potential|	<50	mV

INDUCED	POLARIZATION	FOR	MONITORING	SOLIDIFICATION	OF	CUT-OFF	WALLS	
A	FIRST	APPROACH
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Loam + cement

I.	Extract	natural	soil	

aggregates macropores

Natural loam

d~20-30 µm 

II.	Mix	with	water	and	
cement	

III.	Fill	the	trench	and	
wait	for	solidification

Slurry
• Particles re-organization
• Cement hydration consume water molecules

Cement hydration

aggregates	+	ionic	enriched	fluids,	saturated

Cement pasted~100 µm 

The reactions transform the microstructure (pore network and interface
composition), as well as the free water content and the electrolyte
composition.
The mix hardens in several hours but the solidification and the increase of
mechanical resistance continue over weeks.

Process

Reference	:
Fargier,	Y. et	al.	(2016)	Renforcement des	digues de	Loire	par	la	
méthode du	deep	soil	mixing	:	apport des	techniques	géophysiques
pour	le	contrôle,	Journées Nationales de	Géologie et	Géotechniques,	
Nancy,	France.

Carole Kaouane1 ,	Lucile Saussaye2 ,	Sérgio Palma-Lopes3,	Myriam Schmutz4

Soil	extraction Empty	trench Mixing Filling

In this study, we assessed the feasibility / practicability of IP measurements to
monitor the solidification of soil-cementmixes in the field.
We dug a small trench in an experimental levee. Then we filled it with the soil
cement slurry and carried out continuous measurements over 28 days.
The IP setup was easily implemented and the unprocessed data seem promising.

Can	IP	measurements	monitor	the	solidification	process	?	

Data	collection	:
• 1	Contact	resistance	check	sequence	

every	2	tomography	sequences
• 569	valid	sequences	(with	each	of	the	

20	dipoles	interrogated	at	least	once).
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Electrical	resistivity	

- Reflects	the	variation	of	temperature	
- Differentiate	the	natural	and	the	treated	loam
- Increases	with	the	solidification	of	the	mix	(expected)

The	dotted	lines	(black	&magenta)	represent	the	resistivity	
corrected	for	temperature	variations																using	:	

is	estimated	assuming	the	electrical	properties	
of	the	natural	loam	are	unchanged	during	the	experiment.

⇢(Tref)
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⇢(T ) =
⇢(Tref )

1 + 0.02(T � Tref )
<latexit sha1_base64="CSoauG7ItQug40tuNFcqNz7HKMU=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoEUtSBLsRCm7EVYW+oCllMp20QyeZMDMRSsg/ufFHXAjiQhG3/oOTNoi2PTDM4Zx7ufceN2RUKst6NXJr6xubW/ntws7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOblK/80CEpDxoqmlI+j4aBdSjGCktDcw7x+VsKKe+/mJHjHlSapavHU8gHK+wBrEgXlJOYvvcqlhVWGpe/GoDs6i1GeAysTNSBBkaA/PZGXIc+SRQmCEpe7YVqn6MhKKYkaTgRJKECE/QiPQ0DZBPZD+e3ZzAM60MoceFfoGCM/VvR4x8me6uK32kxnLRS8VVXi9SXq0f0yCMFAnwfJAXMag4TAOEQyoIVmyqCcKC6l0hHiOdl9IxF3QI9uLJy6RdrdhWxb6/LNZrWRx5cAJOQQnY4ArUwS1ogBbA4BG8gHfwYTwZb8an8TUvzRlZzzH4B+P7B9FVqt4=</latexit><latexit sha1_base64="CSoauG7ItQug40tuNFcqNz7HKMU=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoEUtSBLsRCm7EVYW+oCllMp20QyeZMDMRSsg/ufFHXAjiQhG3/oOTNoi2PTDM4Zx7ufceN2RUKst6NXJr6xubW/ntws7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOblK/80CEpDxoqmlI+j4aBdSjGCktDcw7x+VsKKe+/mJHjHlSapavHU8gHK+wBrEgXlJOYvvcqlhVWGpe/GoDs6i1GeAysTNSBBkaA/PZGXIc+SRQmCEpe7YVqn6MhKKYkaTgRJKECE/QiPQ0DZBPZD+e3ZzAM60MoceFfoGCM/VvR4x8me6uK32kxnLRS8VVXi9SXq0f0yCMFAnwfJAXMag4TAOEQyoIVmyqCcKC6l0hHiOdl9IxF3QI9uLJy6RdrdhWxb6/LNZrWRx5cAJOQQnY4ArUwS1ogBbA4BG8gHfwYTwZb8an8TUvzRlZzzH4B+P7B9FVqt4=</latexit><latexit sha1_base64="CSoauG7ItQug40tuNFcqNz7HKMU=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoEUtSBLsRCm7EVYW+oCllMp20QyeZMDMRSsg/ufFHXAjiQhG3/oOTNoi2PTDM4Zx7ufceN2RUKst6NXJr6xubW/ntws7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOblK/80CEpDxoqmlI+j4aBdSjGCktDcw7x+VsKKe+/mJHjHlSapavHU8gHK+wBrEgXlJOYvvcqlhVWGpe/GoDs6i1GeAysTNSBBkaA/PZGXIc+SRQmCEpe7YVqn6MhKKYkaTgRJKECE/QiPQ0DZBPZD+e3ZzAM60MoceFfoGCM/VvR4x8me6uK32kxnLRS8VVXi9SXq0f0yCMFAnwfJAXMag4TAOEQyoIVmyqCcKC6l0hHiOdl9IxF3QI9uLJy6RdrdhWxb6/LNZrWRx5cAJOQQnY4ArUwS1ogBbA4BG8gHfwYTwZb8an8TUvzRlZzzH4B+P7B9FVqt4=</latexit><latexit sha1_base64="CSoauG7ItQug40tuNFcqNz7HKMU=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoEUtSBLsRCm7EVYW+oCllMp20QyeZMDMRSsg/ufFHXAjiQhG3/oOTNoi2PTDM4Zx7ufceN2RUKst6NXJr6xubW/ntws7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOblK/80CEpDxoqmlI+j4aBdSjGCktDcw7x+VsKKe+/mJHjHlSapavHU8gHK+wBrEgXlJOYvvcqlhVWGpe/GoDs6i1GeAysTNSBBkaA/PZGXIc+SRQmCEpe7YVqn6MhKKYkaTgRJKECE/QiPQ0DZBPZD+e3ZzAM60MoceFfoGCM/VvR4x8me6uK32kxnLRS8VVXi9SXq0f0yCMFAnwfJAXMag4TAOEQyoIVmyqCcKC6l0hHiOdl9IxF3QI9uLJy6RdrdhWxb6/LNZrWRx5cAJOQQnY4ArUwS1ogBbA4BG8gHfwYTwZb8an8TUvzRlZzzH4B+P7B9FVqt4=</latexit>

Text<0°C Text>0°CText>0°C

�T = T � Tref
<latexit sha1_base64="m2fDI6YyTfq4Q/Su/9nAdQjenUo=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYklEsBehoAePFdIPaEPZbCft0s0m7G6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPDu2j47aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJJrczv/MIUrFYeDpLwI/ISLCQUaKNNLAr/TvgmmDvBnsX3iCXEE4HdtWpOXPgVeIWpIoKNAf2V38Y0zQCoSknSvVcJ9F+TqRmlMO03E8VJIROyAh6hgoSgfLz+fFTfGaUIQ5jaUpoPFd/T+QkUiqLAtMZET1Wy95M/M/rpTqs+zkTSapB0MWiMOVYx3iWBB4yCVTzzBBCJTO3YjomklBt8iqbENzll1dJ+7LmOjX34araqBdxlNAJOkXnyEXXqIHuURO1EEUZekav6M16sl6sd+tj0bpmFTMV9AfW5w9RKJPf</latexit><latexit sha1_base64="m2fDI6YyTfq4Q/Su/9nAdQjenUo=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYklEsBehoAePFdIPaEPZbCft0s0m7G6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPDu2j47aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJJrczv/MIUrFYeDpLwI/ISLCQUaKNNLAr/TvgmmDvBnsX3iCXEE4HdtWpOXPgVeIWpIoKNAf2V38Y0zQCoSknSvVcJ9F+TqRmlMO03E8VJIROyAh6hgoSgfLz+fFTfGaUIQ5jaUpoPFd/T+QkUiqLAtMZET1Wy95M/M/rpTqs+zkTSapB0MWiMOVYx3iWBB4yCVTzzBBCJTO3YjomklBt8iqbENzll1dJ+7LmOjX34araqBdxlNAJOkXnyEXXqIHuURO1EEUZekav6M16sl6sd+tj0bpmFTMV9AfW5w9RKJPf</latexit><latexit sha1_base64="m2fDI6YyTfq4Q/Su/9nAdQjenUo=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYklEsBehoAePFdIPaEPZbCft0s0m7G6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPDu2j47aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJJrczv/MIUrFYeDpLwI/ISLCQUaKNNLAr/TvgmmDvBnsX3iCXEE4HdtWpOXPgVeIWpIoKNAf2V38Y0zQCoSknSvVcJ9F+TqRmlMO03E8VJIROyAh6hgoSgfLz+fFTfGaUIQ5jaUpoPFd/T+QkUiqLAtMZET1Wy95M/M/rpTqs+zkTSapB0MWiMOVYx3iWBB4yCVTzzBBCJTO3YjomklBt8iqbENzll1dJ+7LmOjX34araqBdxlNAJOkXnyEXXqIHuURO1EEUZekav6M16sl6sd+tj0bpmFTMV9AfW5w9RKJPf</latexit><latexit sha1_base64="m2fDI6YyTfq4Q/Su/9nAdQjenUo=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYklEsBehoAePFdIPaEPZbCft0s0m7G6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3Nou7ZR39/YPDu2j47aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJJrczv/MIUrFYeDpLwI/ISLCQUaKNNLAr/TvgmmDvBnsX3iCXEE4HdtWpOXPgVeIWpIoKNAf2V38Y0zQCoSknSvVcJ9F+TqRmlMO03E8VJIROyAh6hgoSgfLz+fFTfGaUIQ5jaUpoPFd/T+QkUiqLAtMZET1Wy95M/M/rpTqs+zkTSapB0MWiMOVYx3iWBB4yCVTzzBBCJTO3YjomklBt8iqbENzll1dJ+7LmOjX34araqBdxlNAJOkXnyEXXqIHuURO1EEUZekav6M16sl6sd+tj0bpmFTMV9AfW5w9RKJPf</latexit>

View publication statsView publication stats

https://www.researchgate.net/publication/328172286

