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Cross-sectional area of cable  0.18m2 
Mass density for cable 7.5 x 103 Kg/m3 
Extensional failure strain 1 x 1030 
Elastic Young’s modulus (E) 98.6 GPa 
Compressive yield strength  3 x 105 N 
Tensile yield strength 81 x 106N 
Spacing 1 m 
Stiffness of the grout  1.12 x 107 N/m/m 
Cohesive capacity of the grout 1.75 x 105 N/m 

 
As a first step, we analyzed the influence of the incli-
nation of the cables on the response of the rock mass. 
Figure 9 shows the field and the network of horizon-
tal and vertical discontinuities in addition to five lay-
ers of cables. 

 
Figure 9. Profile of the rock mass slope with all discontinuities 
and five horizontal layers of cables 
Given below are the results obtained with the hori-
zontal reinforcement. Figure 10 shows the horizontal 
displacements induced at points A, B and C of the 
slope. This trend shows that the seismic loading in-
duced in the presence of horizontal discontinuities 
and vertical shifts in the permanent upper part of the 
rock mass, which is similar to the case of absence of 
the layers of cables, and vertical discontinuity. 

 
Figure 10. Lateral displacement induced by the seismic load-

ing at 3 points of the rock mass 

6 CONCLUSIONS 

In this paper, we analyzed the seismic response of a 
fractured rock mass that corresponds to a real case in 
Jezzine, Lebanon. Static analysis, carried out to char-
acterize the initial state in the solid, showed good 
stability of the rock mass under its own weight. A 
Seismic analysis of the massif with horizontal dis-
continuities shows a stability of the rock mass with a 
permanent displacement. On the other hand, a seis-
mic analysis of the massif with both horizontal and 
vertical discontinuities shows instability of the rock 
mass. From the beginning of loading, points along 
discontinuities reach steady state and a slipping and 
fall over movement is initiated. There is also a fall of 
the upper block of the massif, where rise the need to 
strengthen unstable blocks by cables. This is en-
hanced by a massive network of cables that ensure 
solid stabilization with the appearance of a perma-
nent shift in the upper part of the range. 
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ABSTRACT Many large collapses have occurred during or after underground quarry operations. The collapse of the Clamart underground 
quarry (in 1961, South of Paris-France) is well known as one of the most catastrophic. This paper presents a back-analysis of the case study 
using an empirical approach. Based on a set of assumptions, the empirical approach has indicated a reliable scenario that may explain the 
collapse: the large collapse may have been caused by a lack of bearing capacity of the pillars and the sudden failure of a hard limestone bed 
in the roof, the load on which would have been concentrated until overload occurred. The bed weakness between the two quarrying levels 
may also have had an influence on the general lack of stability of the quarry. Moreover, under the given hypothesis, the study shows a very 
low influence of the water table due to flooding of the underground quarry. 

 
RÉSUMÉ  Les effondrements peuvent affecter les cavités souterraines pendant et après le creusement. L’effondrement historique en 1961 
de la carrière de Clamart (sud de Paris – France) est connu comme le plus catastrophique. Cet article présente une rétro-analyse basée sur 
une approche analytique-empirique. Les résultats ont montré que la cause principale de l’effondrement est l’insuffisance de la résistance 
des piliers et la rupture brutale du banc de calcaire du haut toit. Les piliers ont été stables grâce à la présence du banc de calcaire dans le 
toit. D’autres facteurs comme l’ennoyage et la rupture de l’intercalaire ont également contribué à l’effondrement, avec un rôle moins im-
portant.  
 

1 INTRODUCTION AND OBJECTIVES 

Man-made and natural shallow cavities have caused 
many different problems with geohazard, and some-
times large collapses. In France and around the 
world, the old quarries were often excavated using 
the room and pillar method (Figure 1). This method 
results in substantial geohazard long after the under-
ground quarry has been abandoned and therefore 
poses a serious public safety issue today (Gutiérrez et 
al., 2009). Shallow man-made chalk cavities (depth < 
50 m) can be affected both by local collapses and 
large collapses (Vachat, 1982, Kaufmann and Quinif, 
2002, Gilbride et al., 2005, Edmonds, 2008). The im-
pact of collapse on the surface can be subsidence or 
sinkholes. Such collapses can be found in the litera-
ture (Bell et al., 2005). A large collapse covers a 

large surface and can culminate in a small earthquake 
or rockburst; in one gypsum underground quarry, the 
local magnitude was registered at near 3.1 (Wang et 
al., 2008).  

In France, there are about 150,000 known quar-
ries, and many of them are located in the chalk, lime-
stone and gypsum of the sedimentary Paris Basin 
(Gombert et al., 2013).  

Chalk is a white and soft limestone which forms 
the base of the Parisian sedimentary basin. The chalk 
was extensively underground quarry until the begin-
ning of the 20th century. The room and pillar mining 
method was used to protect the surface of the land 
and to ensure the long-term stability of the pillars. 
However, the long-term stability is never guarantee, 
and 391 subsidence events related to underground 
man-made cavities were recorded from 1977 to 2000. 



21 major collapses also occurred (with a collapse sur-
face more than 500 m2) from 1827 to 1991. 

 
Figure 1. Room and pillar mining method for shallow under-
ground quarry. 

 
The majority of collapses concerns gypsum un-

derground quarries with a surface subsidence of less 
than 2000 m2. The chalk underground quarries 
around Paris give cause for concern of large-scale 
collapses: Château-Landon (7 deaths in 1910), the 
Clamart collapse (Figure 2) ‒ largest one at  
30 000 m2 (21 deaths in 1961), Chanteloup (1 death 
in 1991) and Bagnolet (2 deaths in 1993).  

 
Figure 2. Location of underground quarries and karsts (in Paris). 

2 SUDDEN GROUND COLLAPSE AND SUB-
SIDENCE 

The disastrous collapse of the chalk underground 
quarry of Clamart and Issy-les-Moulineaux, two bor-
dering suburbs of Paris, on June 1, 1961 is one cata-
strophic example (Figure 2). The collapse of the 

Clamart underground quarry, where mining ceased in 
the 1880s, caused the abrupt subsidence of three hec-
tares of ground surface and the destruction of a whole 
urban district, including residential buildings, several 
roads and sports facilities (Figure 3). Twenty-one 
people died and more than fifty people were injured.  

According to seismographic reports, the ground 
collapsed in two stages. The southern part, under-
neath the football stadium (Figure 3), collapsed first, 
followed by the northern part about half an hour lat-
er. The centre of the southern zone suffered the 
greatest subsidence, at 6 metres. The centre of the 
northern zone has dropped by 4 metres. Large cracks 
of about 1 metre wide developed on the edges of the 
area of the collapse and between the southern and 
northern zones. As a result of the subsidence, some 
buildings in the area suffered major damage or were 
totally destroyed. All buildings shown in black on the 
figure had to be demolished for safety reasons. 

 
Figure 3. The districts of Clamart and Issy-les-Moulineaux after 
the ground collapse (IGN, August 1961). 

3 OVERVIEW OF MINING 

After having been operated for more than 100 years, 
the Clamart underground quarry was abandoned be-
fore 1880 due to the reserve limitation and mining li-
cence, and the exact date is unknown. In the collapse 
zone, two extraction chalk levels were operated, both 

 

 

of which employed a room and pillar method. Differ-
ent extraction ratios were followed; the galleries on 
the upper level were about 7 meters high in both the 
northern and southern zones. The pillars between the 
two zones were irregular in shape, showing a hybrid 
design (Figure 4).  

 
Figure 4. Simplified cross-section of the overburden chalk under-
ground quarry. 

The rooms on the lower level were about 4 metres 
high and existed only in the southern part, as shown 
in Figure 5. On the two levels, the area between the 
northern and southern zones was probably situated on 
a property line. The interlayer bed (immediate roof of 
the lower level) was about 4 metres high, and the two 
levels were perfectly superimposed. The geometrical 
characteristics of the different underground quarry 
areas shown in Figure 5 can be found in Table 1. The 
extraction rate ranges from 36% to 68%. The pillar 
width/height ratio varies between 0.75 and 1.4. 
 
Table 1. Geometrical characteristics of the upper and lower levels. 

Zone Pillar 
shape 

Pillar di-
mensions 
(l*L m) 

Gallery 
dimension 
(W*H m) 

Extraction 
ratio % 

ZSS1 Rect. 7*9-15 7 57 
ZSS2 Hybrid 5*5 4*7 55 
ZNS1 Square 7*23-27 4*6.8 68 
ZSI1 Rect. 7*18 4*5 45 
ZSI2 Rect. 7*14 4*5 51 
ZSI3 Irreg. - 4*5 36 

3.1 Objective  
Various experts have attempted to explain the col-
lapse between 1961 and 1979 on the basis of in-situ 

observations. The causes leading to the collapse have 
not yet been fully explained, although several hy-
potheses have been proposed in reports and articles 
dealing with this disaster. 

 

 
Figure 5. The upper and lower levels of the underground quarry 
(left and right, respectively, from IGC report). 

 
IGC considered the main cause of the collapse was 

the failure of the limestone bed located on the upper 
roof (unpublished expert reports from 1961, 1976). 
Maury (Maury, 1979) considered the main factor of 
the collapse to be the hydraulic load and water pres-
sure induced by rain many days before the collapse.  

N 
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The aim of this article is to allow a better under-
standing of the origin of the collapse through an 
evaluation of the stability of the underground quarry 
and an analysis of triggering factors and their associ-
ated failure mechanisms. 

4 ASSESSMENT OF UNDERGROUND 
QUARRY INSTABILITY 

From the date of the collapse up to now, several 
communications by experts and authorities attempted 
to explain the collapse of the Clamart underground 
quarry (Maury, 1979). They considered the explo-
sion, slipping of the limestone layer on the plastic 
clays, weak pillars under the water level, hydraulic 
pressure in the cover layers after previous pipe leaks 
or heavy rain. To this day, it remains difficult to de-
termine the real cause of the instability. In order to 
achieve the objective, the adopted methodology is 
divided into two parts; the first part concerns the sta-
bility of the underground quarry before the collapse, 
while the second part concerns the triggering factors. 
An empirical-analytical approach was used in paral-
lel to identify the relevant causes of the catastrophic 
collapse.  

In order to assess the stability, a main hypothesis 
is made: the large collapse of the underground quarry 
is supposed to have been initiated by the failure of 
the pillars in the area where there is the deepest sub-
sidence and where the extraction ratio is near the 
maximum. This corresponds to the area in which the 
two levels are superposed. The collapse of the pillars 
could be induced by secondary factors: collapse of 
the immediate roof, hard limestone bed and water, 
and underground quarry flooding. 

4.1 Assessment of pillar stress 
The analytical-empirical approach allows for the suc-
cessful design and the stability assessment of the un-
derground quarry, depending on the individual pillar 
stability (Bekendam, 2004). The average pillar stress 
can be estimated by the tributary area method based 
on the following parameters for the geometry of 
rooms and pillars, the depth and the specific weight 
of overlying rocks. The method was applied to the 
Clamart zones (Table 2).  

 

Table 2. Pillar vertical stress calculated by the tributary area 
method for each zone from Figure 5 (safety factor was calculated 
for unconfined compression strength equal to 2.1 MPa) 

Zone  (%) D (m)  (t/m3) p(MPa) F 

ZSS1 57 42 

2 

 

1.95 1.07 

ZSS2 55 42 1.87 1.12 

ZSI1 45 52 1.75 1.20 

ZSI2 51 52 1.96 1.07 

ZSI3 36 52 1.50    1.40 

ZNSI 68 35 2.19 0.96 

: extraction ratio, D: depth, : density, p: pillar stress, F: safety 
factor 

The minimum pillar stress calculated out of the 6 
zones of interest is 1.75 MPa (Zone ZSS1 on Figure 
5). This corresponds to the area of maximum subsid-
ence, thus reinforcing the initial hypothesis of the ini-
tiation of the collapse. 

Pillar failure occurs when the pillar is loaded be-
yond its bearing capacity and the safety factor is less 
than 1. A large-scale collapse can occur as a cata-
strophic collapse when an excessive convergence ex-
ists; the slenderer the pillar is, the wider the area of 
collapse is (Esterhuizen et al., 2006). The pillar bear-
ing capacity was first assumed to be the same as the 
chalk’s unconfined compression strength (UCS). 
This was possible thanks to the compression testing 
that had been conducted (with different values of wa-
ter content) just after the collapse (in June 1961) and 
resulting in Table 3. We adopted the weakest value 
of compression strength (2.1 MPa) for the collapse 
analysis.  

A simple comparison between the unconfined 
compression strength and the pillar stress indicates 
that the pillars should not have collapsed, except for 
ZNS1 (factor of safety <1). However, the subsidence 
of the surface above the ZNS1 was less than in other 
zones. In addition, it is known that laboratory 
strength does not take the large-scale effect into ac-
count, so the pillar strength is in fact lower than the 
laboratory strength. The compression strength of the 
chalk on a large scale has been estimated at 1.9 MPa 
based on laboratory tests and back-analysis on the 
region’s chalk underground quarries in the Paris re-
gion (Watelet, 1996). And yet it is still too high to 
explain the collapse.  

 

 

Table 3. Unconfined compression strength (UCS) characteristics 
of the Clamart chalk underground quarry (IGC, 1961, un-
published) for different values of water content (W)  

W UCS (MPa) UCS av. (MPa)  

50% 5.6; 3.5; 3.4 4.17 

65% 5.0; 2.8; 2.5 3.43 

83% 3.2; 2.0; 2.4;  2.53 

90% 2.7; 2.5; 2.0 2.4 

Immersion for 3 
weeks 

2.1 2.1 

 
According to our observations and the known rela-

tionship between the underground quarry opening 
and the subsidence, the maximum subsidence was lo-
cated in ZSI1 (Figure 5); one can assume that the col-
lapse of the pillars started there. In order to have an 
idea of the pillars’ strength, we assume the factor of 
safety (FoS) of zone ZSI1 (lower level) to be 1. It 
must be noted that the safety factor may have been 
lower (meaning a lower strength of the pillars), but 
the underground quarry stabilized temporarily for an 
unknown reason (the resistant limestone roof and/or 
the local confining pillars by backfilling). Anyhow, 
given that the pillars were doubtlessly unstable (since 
they eventually collapsed), the safety factor is 1 at 
the most and the ultimate strength of the pillars is 
1.75 MPa. Considering this value as the failure crite-
rion: 
 the failure criterion is exceeded in zones ZSS1, 

ZSS2, ZSI2, all of which also collapsed; 
 the failure criterion is not reached in zone ZSI3, 

which is still standing; 
 the failure criterion is far exceeded in zone ZNS.  
This zone has not collapsed, probably because of the 
reinforcement on the pillars observed in this area. 
This probably means that they were showing signs of 
instability and consequently reinforced. 

However, it must be noted that, before the col-
lapse, the upper level showed no disorders due to 
overloading (no fissures and cracks) and had never 
been treated by any reinforcement (IGC, 1961). This 
is inconsistent with the instability of the pillars of 
ZNS1 and ZNS2, unless no existing disorders were 
observed in the chalk. Indeed, signs of instability are 
known to be difficult to see in chalk. It follows logi-
cally, however, that they should have been noticed 
the same way that damage was noticed in area ZNS.  

4.2 Hydrogeological context of the 1961 event 

May water be considered as one instability factor that 
led to the collapse? The underground quarry collapse 
occurred when the chalk water table was at an aver-
age or moderately high level, following 15 years of 
low water table. The lower underground quarry level 
had probably already been flooded for a long time af-
ter the abandonment of the Clamart underground 
quarry (1880). 

Concerning the hydrological context, the level of 
the Seine can vary from a minimum of around 26 m 
a.s.l. (inducing chalk drainage) to a maximum of 35 
m a.s.l. (inducing chalk recharge). The Seine level 
might have been low (around 27 m a.s.l.) during the 
months preceding the event. 

In terms of rainfall, 1961 was a dry year (540 mm) 
following a rainy one (>700 mm in 1958 and 1960). 
Looking at a monthly scale, May 1961 is one of the 
rainiest months of the 1941-1960 period. It is mainly 
characterized by heavy rainfalls concentrated on a 
small number of days. Other potentially aggravating 
factors related to water were recorded shortly before 
the collapse: 
 earthworks were underway in eastern edge of the 

football stadium and caused the rupture of a wa-
ter pipe, releasing about 100 m3 of water above 
the mining area within 2 hours; 

 mishandling occurred at the drain valve sprinkler 
system of the stadium, located in the northwest 
end; this resulted in the spillage of 2500 m3 of 
water during the first 3 weeks of March. 

The global hydrogeology context of the 1961 
event can be summarized as follows: 
 the chalk aquifer water table was average since the 

beginning of the year; 
 the Seine had already begun its summer low flow 

and low level period; 
 the rainfall was characterized by a dry first semes-

ter followed by a very rainy last week of May, 
the week preceding the event. 

5 CONCLUSION  

The main objective of this back-analysis of the large 
collapse of the Clamart chalk underground quarry 
was to identify and to understand the origins of the 
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Immersion for 3 
weeks 

2.1 2.1 

 
According to our observations and the known rela-

tionship between the underground quarry opening 
and the subsidence, the maximum subsidence was lo-
cated in ZSI1 (Figure 5); one can assume that the col-
lapse of the pillars started there. In order to have an 
idea of the pillars’ strength, we assume the factor of 
safety (FoS) of zone ZSI1 (lower level) to be 1. It 
must be noted that the safety factor may have been 
lower (meaning a lower strength of the pillars), but 
the underground quarry stabilized temporarily for an 
unknown reason (the resistant limestone roof and/or 
the local confining pillars by backfilling). Anyhow, 
given that the pillars were doubtlessly unstable (since 
they eventually collapsed), the safety factor is 1 at 
the most and the ultimate strength of the pillars is 
1.75 MPa. Considering this value as the failure crite-
rion: 
 the failure criterion is exceeded in zones ZSS1, 

ZSS2, ZSI2, all of which also collapsed; 
 the failure criterion is not reached in zone ZSI3, 

which is still standing; 
 the failure criterion is far exceeded in zone ZNS.  
This zone has not collapsed, probably because of the 
reinforcement on the pillars observed in this area. 
This probably means that they were showing signs of 
instability and consequently reinforced. 

However, it must be noted that, before the col-
lapse, the upper level showed no disorders due to 
overloading (no fissures and cracks) and had never 
been treated by any reinforcement (IGC, 1961). This 
is inconsistent with the instability of the pillars of 
ZNS1 and ZNS2, unless no existing disorders were 
observed in the chalk. Indeed, signs of instability are 
known to be difficult to see in chalk. It follows logi-
cally, however, that they should have been noticed 
the same way that damage was noticed in area ZNS.  

4.2 Hydrogeological context of the 1961 event 

May water be considered as one instability factor that 
led to the collapse? The underground quarry collapse 
occurred when the chalk water table was at an aver-
age or moderately high level, following 15 years of 
low water table. The lower underground quarry level 
had probably already been flooded for a long time af-
ter the abandonment of the Clamart underground 
quarry (1880). 

Concerning the hydrological context, the level of 
the Seine can vary from a minimum of around 26 m 
a.s.l. (inducing chalk drainage) to a maximum of 35 
m a.s.l. (inducing chalk recharge). The Seine level 
might have been low (around 27 m a.s.l.) during the 
months preceding the event. 

In terms of rainfall, 1961 was a dry year (540 mm) 
following a rainy one (>700 mm in 1958 and 1960). 
Looking at a monthly scale, May 1961 is one of the 
rainiest months of the 1941-1960 period. It is mainly 
characterized by heavy rainfalls concentrated on a 
small number of days. Other potentially aggravating 
factors related to water were recorded shortly before 
the collapse: 
 earthworks were underway in eastern edge of the 

football stadium and caused the rupture of a wa-
ter pipe, releasing about 100 m3 of water above 
the mining area within 2 hours; 

 mishandling occurred at the drain valve sprinkler 
system of the stadium, located in the northwest 
end; this resulted in the spillage of 2500 m3 of 
water during the first 3 weeks of March. 

The global hydrogeology context of the 1961 
event can be summarized as follows: 
 the chalk aquifer water table was average since the 

beginning of the year; 
 the Seine had already begun its summer low flow 

and low level period; 
 the rainfall was characterized by a dry first semes-

ter followed by a very rainy last week of May, 
the week preceding the event. 

5 CONCLUSION  

The main objective of this back-analysis of the large 
collapse of the Clamart chalk underground quarry 
was to identify and to understand the origins of the 



tragic event in order to predict such events for identi-
cal configurations. The back-analysis indicates that 
the chalk underground quarry was, before the col-
lapse, very close to its ultimate strength and collapse. 

The empirical-analytical approach indicates that 
the strength of chalk must be more than 1.75 MPa 
(the pillar stress) for stable pillars; the underground 
quarry may be unstable because the laboratory tests 
and site effect indicate that the strength is very close 
to the actual pillar stress.  

Therefore, the scenario of the large underground 
quarry collapse probably occurred in the upper pil-
lars. However, no damage was observed on the upper 
pillars despite being close to the ultimate load. This 
puts forward the role of the resistant limestone bed 
(Figure 4): it would have taken back the overload, 
preventing pillar damage, and it then would have lost 
its stiffness, leading to the overloading of the pillars 
and the collapse of the underground quarry. The 
causes of the limestone bed failure may be multiple 
origins: hydraulic overload fracture, progressive de-
terioration of the bonds to the minimal recovery due 
to the water, and local failure of a pillar sufficiently 
increasing the overload on the roof.  

The bed between the two chalk levels may have 
fallen during the general collapse, explaining an ob-
served collapse on two levels and affecting the 
strength of the pillars. 

The scenario explaining the breakdown of the up-
per pillars only concerns the fall and the resumption 
of stresses through the roof. It does not examine the 
failure mechanisms in the roof. The presence of two 
exploitation levels has some importance, but the 
main role concerns the weakness of the chalk layer 
and the existence of the hard bed in the overburden.  

The methodology developed in this paper uses a 
scientific and operational approach to explain the 
causes of such phenomena and to identify the role of 
different factors suspected by experts. The back-
analysis and the knowledge of local context put to-
gether are very useful for the understanding of the 
complex geotechnical phenomena.  
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ABSTRACT Many conventional approaches to the repair of slopes such as reducing the slope angle, installing additional drainage, soil 
nailing and providing stability by structural methods have their limitations and often have high environmental and economic costs. An al-
ternative is the use of electrokinetic techniques, which, among other factors, have been shown to offer significant reductions in cost and 
carbon footprint. Electrokinetic Geosynthetic (EKG) slope stabilisation combines ground improvement, reinforcement and drainage into a 
single treatment and is applicable to cuttings, embankments and natural slopes in fine grained soils. The design parameters include anode-
cathode spacing, applied voltage and treatment duration for electro-osmotic ground improvement; anode orientation, diameter, bond 
strength and element spacing for mechanical reinforcement and also filtration functionality for active and passive drainage. Flexibility in 
both design and construction allow for optimisation of technical parameters with economic and environmental constraints. The key eco-
nomic variables arising from the design include the supply and installation of electrodes and the duration of treatment. Owing to the multi-
functional nature of the technique the geomechanical remediation is distributed amongst several factors which contribute to the overall im-
provement of slope stability. This method has no requirement for large, intrusive construction plant which has knock-on benefits for 
reducing construction safety hazards and environmental disturbance such as the removal of trees, vegetation, topsoil and habitat disruption. 
This paper presents the design principles that have been used by Electrokinetic Ltd. for EKG slope stabilisation and illustrates how they 
have been implemented during fully-commercial projects on the UK’s highways network. 
 
RÉSUMÉ De nombreuses approches conventionnelles pour la réparation des pentes telles que la réduction de l'angle de la pente, l'installa-
tion de drainage supplémentaire, clouage du sol et les méthodes structurelles pour augmenter la stabilité ont des limites et ont souvent des 
coûts environnementaux et économiques élevés. Une alternative est l'utilisation de techniques électrocinétiques, parmi d'autres fac-
teurs, peuvent offrir d'importantes réductions de coûts et de l'empreinte carbone. La stabilisation des talus par la méthode d’électrocinétique 
géosynthétique (EKG) combine l’amélioration des sols, le renforcement et le drainage en un seul traitement et est applicable aux remblais 
et talus naturels dans les sols cohérents. Les paramètres de conception dans le traitement électro-osmotique de sol incluent l’espacement 
anode-cathode, la tension appliquée, la durée de traitement, l’orientation de l’anode, la force d’adhésion et  l'espacement pour le renforce-
ment mécanique, ainsi que la fonctionnalité de filtration pour le drainage active et passive. Flexibilité dans la conception et la construction 
permettent une optimisation des paramètres techniques sous des contraintes économiques et environnementales. Les principales variables 
économiques provenant de la conception comprennent la fourniture et l'installation des électrodes et la durée du traitement. En raison de la 
nature multifonctionnelle de la technique de traitement géomécanique est répartie entre plusieurs facteurs qui contribuent à l'amélioration 
globale de la stabilité des pentes. Cette méthode n'a pas besoin de grande chantier intrusive, qui, à son tour, a des répercussions sur les 
avantages en réduisant les risques de sécurité dans la construction et la perturbation de l'environnement tels que l’arrachement des arbres et 
des plants, la couche de terre arable et la perturbation des habitats. Cet article présente les principes de conception qui ont été utilisés par 
Électrocinétique Ltd pour la stabilisation des talus EKG et illustre la façon dont ils ont été appliqués au cours des projets entièrement com-
merciales sur le réseau des autoroutes 
 
 


