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Behaviour of mineral barriers onto residual deposits 
Comportement des barrières minéraux dans les réservories de déchets

J.R.Nadeo, G.souto & C.A.GiÚdice -  Universidad Tecnológica Nacional Facultad Regional La Plata, Avenida 60 y calle 124, (1900)
La Plata, Argentia

ABSTRACT: This is an applied research for verify, correct, improve or discard methods and technical procedures used in the 

construction o f barriers o f dangerous and home residual deposits with the aim to maintain without polluting soils and underground 
waters.
The main object o f this work was to study the relations between laboratory determinations (permeability and compaction) with those 
made “in situ”, for regional soils and construction systems commonly employed in Argentina. Also, to adjust the work procedure to 
assure the real disponibility and invariability along the time o f parameters used in the cell project. In this stage, laboratory tests were 
made employing a slime soil without mixtures or additives.
These materials were compacted with different energies, measuring the permeability on samples in saturated state. Permeability 
variation in function o f both the compaction humidities and the compaction energies on samples of 50 mm (triaxial chamber) and 100 
mm (Proctor mold) in diameter was also studied.

R É S U M É  : Il s’agit d’un recherche appliqué tendant à verifier, corriger, améliorer ou rejeter les méthodes et techniques employées 
dans la construction de barrières dans les réservories de déchets domiciliaires où périlleux, a fin de eviter la polution du sol et del’eau 
souterrain.
Le principal objectif de ce travail est determiner le rapport parmi les données obtenues dans le laboratoire (perméabilité et niveaux de 
compactation) et cette obtenues in situ pour le sol régional et le système constructif courant dans l ’Argentina. Le but est adapter les 
procédés dans l ’œuvre a fin de assurer la réelle disponibilité et constance dans le temps des paramétres employées dans le projet des 
cellules. Dans cette première partie du travail, ont été realisées essais dans le laboratoire avec des échantillons d ’une sorte du sol 
boueux sans aditives, qui est très abondant dans cette zone et il est frequement employé dans la voie publique.
Les résultats présentés ont été obtenues pour des échantillons compactés avec different niveaux de l ’énergie et la mesure du 
perméabilité a été realicé dans l’état saturé. Ont été analysés les variations de la perméabilité en fonction de l ’humidité de 
compactation et de l’énergie de compactation employé dans des éprouvettes de 50mm et de 100mm de diamètre, avec la chambre 
triaxial et le moule Prôctor, respectivement.

1.- INTRODUCTION Ks

Usually, the potential energy provoking the waterslip o f a non 
saturated soil could be based on the gradient o f humidity, the 
gradient o f suction matrix or on the hydraulic gradient.

The gradient o f humidity can not be considered like a 
main potential energy for the waterslip in the soil (Fredlund, 
1981). The flux o f water no depends either in essential and 
exclusive way on the gradient o f suction matrix. As a 
consequence, the waterslip can be defined more properly in 
terms o f hydraulic gradient and it results suitable both for non 
saturated soils and for saturated ones.

The Darcy’s law can be applied to non saturated soils 
(Buckingham, 1907; Richard, 1931; Childs & Collis-George, 
1950) in which the coefficient o f  permeability K  is a function 
mainly o f  water content or o f suction matrix; it depends 
strongly on the changes in the void ratio and in the saturation 
grade.

In fact the variations in void ratio are not very significant 
and as a consequence they do not affect excessively to K 
value; on the other hand, the changes in saturation grade 
display a great influence on permeability.

As a consequence, the coefficient o f permeability can be 
attained starting from the ratio between suction matrix and the 
saturation grade in function o f both the suction matrix and the 
water content in the soil (Fredlund, 1993). As example, in the 
case o f Gardner (Figure 1 ), the ratio is:

K©

1 + a
Ua-UCO

P®g
where kw  is the permeability in a non saturated soil; ks, the 
permeability in a  saturated soil; a  and n, constants; pa g = yw, 
specific gravity and finally, ua -  uw, suction m atrix

Figure l:Gardner’s equation for water coefficient o f  permeability 
as a function o f  the matric suction

Fredlund, D.G. and Rahardjo H. Soil (1993) Mechanics for 
Unsaturated Soil page 115
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Figure 2: Compaction : Water Content and Density 
Shackelford.Ch.D. (1995) Conference Behaviour of 

mineral barriers page 59

As the suction matrix decreases (that means when the 
saturation grade rises), the permeability increases up to a 
maximum which corresponds to 10 0  % saturation.

On the other hand, analysing the ratio between the dry 
unitary weight and the water content for different compaction 
energies and relating that ratio with the different saturation 
grades, the Figure 2 is obtained

The states o f compaction corresponding to the maximum 
dry unitary weight generally are between 90 and 100 % 
saturation.

These saturation grades also correspond to the actual 
tendency that claims to do the field compaction at the side o f 
the wet branch (that means w ith humidities higher than the 
optimum one).

A  non saturated soil has two phases, air and water. 
Corey (1957) determined that the air phase is continue when 
the saturation grade is lower than 85 %. W hen the saturation 
grade is higher than 90 %, the air phase is encapsulated, which 
reduces the soil permeability meanwhile the air diffusion in 
the water does not take place.

Taking into account this analysis, it is possible to 
conclude that measuring the permeability o f these compacted 
materials in a  saturated state, a  higher permeability can be 
reached respect to the one obtained w ith a lower saturation 
grade.

Therefore, the latest state can be considered unstable 
since in any moment during service life o f the construction, 
the material could attain a 10 0  %  saturation.

Consequently, the permeability determination in a 
saturated state would be absolutely necessary to assure 
through the time the efficiency o f  the designed barriers. So, in 
the present study, the permeability tests were made on 
materials in the saturated state.

Concerning the permeability variations in function of the 
maximum size o f lumps, it was determined for other soils that 
employing the same compaction energy, the permeability 
decreases as the lump size also decreases.

Varying the compaction energy on the same sample with 
different maximum size, a  specimen o f greater size o f lumps 
compacted with higher energy than other specimen of lower 
size o f lumps could give a less permeability than the last one. 
So, the compaction energy has more influence in the 
obtainment o f permeabilities than maximum size o f lumps; by 
this reason, the variable compaction energy was first studied.

If  these concepts are applied to the in situ compaction 
methodology and considering the requirements o f acceptance 
to attain the 95 %  o f the maximum density in situ, a design 
permeability much less than the real one established in the 
field is obtained

2.- E X P E R IM E T A L  P A R T  A N D  F IR S T  R E SU LT S

Up to this moment, it was studied the behaviour o f a slimed 
soil compacted according to the energies corresponding to the 
Normal and Modified Proctor method, determining for each 
point o f the compaction curve, the permeability on samples o f
50 mm diameter in the triaxial chamber (permeameter o f 
flexible wall) and o f 100 mm diameter o f the Proctor mold 
(permeameter o f rigid wall).

Samples o f 50 mm diameter were obtained by cuttering 
the specimens previously compacted in the Proctor mold. The 
samples were selected o f a total volume on truck o f 8 m 3 each; 
they correspond to a currently deposits in the zone. The 
following tests were carried out: natural humidity, Atterber 
limits; contraction limit; granulometry (particle size by mesh); 
hydrometry, density, Normal and Modified Proctor, vertical 
compression with lateral deformation impeded (consolidation 
test), employing a  maximum density and an optimum humidity 
o f the Normal and Modified Proctor up to a maximum load o f 
12.800 kg.cm-2. Some o f experimental results are displayed in 
Table I.

TABLE 1. PROPERTIES INDEX

Liquid limit (% ):37.1 
Plasticy Index(%):8.4 
Specific weight (g.crrf3): 2.52 
N° 200 mesh,pass (%):92.4

Plastic lim it (%):28.7 
Contraction limit(% ):24.5 
N° 100 mesh,pass (%):98.8 
Unified classification:ML

Normal
Proctor

Modified
Proctor

W eight by maximun
Dry volume unity (g.cm'3) 1.478 1.540
Optimum humidity (%) 25.0 21.8

The behaviour o f this same material but mixtured “in situ”, in 
great volumes, with 6  %  cement by weight on dry soil and a 
high relationship water/(cement + soil) was also analyzed.

The above quoted material was placed in molds for 150 
x 300 mm concrete samples cutting off specimens o f 50 mm 
diameter to carried out permeability tests in  triaxial chamber. 
The mean parameters are displayed in Table 2

TABLE 2. Plastic cement soil

W ater/(cement +soil) ratio
Humidity
Age
Dry density 
Void ratio

0.48
42.4 (%)
between 3 and 14 days
1.20 Tons m '3

1.0 0

Breaking pressure at simple compression on 150 x 300 mm 
specimens :

Age, days 
3

14

Pressure, k cm '2 

2.200 
3.700

3.- R E S U L T S  AND C O N C L U SIO N S

Analyzing experimental results, the following conclusions 
were attained:

1816



Nn iÉWitfw »Jfiyto cf 5> ntn
Variation of K «ttti a and hydraulic load 

Normal Proctor.»ampio of 100 mm

Humedad (%)

Figure 3: Permeability in function o f  hydraulic lad -Normal 
Proctor, sample o f  50 mm

Figure 6 : Variation o f  K with (a and with hydraulic lad - 
Normal Proctor, sample o f  50 mm

Figure 7: Permeability in function o f  hydraulic lad - Modified 
Proctor, sample o f  50 mm

Figure 5: Variation o f  K with &> and with hydraulic lad 
Normal Proctor, sample o f  50 mm

3.1 Compaction energy corresponding to the Normal Proctor

3.1.1 By using the flexible wall permeameter with samples 
of 50 mm, for a determined humidity and compaction density 
and for compaction humidities lower than the optimum one, 
the permeability increases with the hydraulic gradient and 
decreases for humidities higher than the optimum value. 
(Figure 3)

3.1.2. By testing samples o f 100 mm in the rigid wall 
permeameter, for a determined humidity and compaction 

density, the permeability decreases with the hydraulic 
gradient. (Figure 4)

3.1.3. By comparing the media variation o f the permeability 
obtained for the different hydraulic gradients in function o f the 
humidity and compaction density, it is possible to observe that

Figure 8 : Variation o f  K with to and with hydraulic lad - 
Modified Proctor, sample o f  50 mm

the permeabilities on 10 0  mm samples generally are higher 
than the permeabilities on 50 mm ones. For lower gradients 
that difference is still greater. (Figures 5 and 6 )

3.2. Compaction energy corresponding to the modified Proctor 
By carrying out tests in the flexible wall permeameter 
w ith samples o f 50 mm, for a determined humidity and 
compaction density, the permeability increases with the 
hydraulic gradient up to the optimum humidity and then it 
decreases with the rise o f the hydraulic gradient. (Figures
7 and 8)

3.3 Results w ith the different compaction energies; flexible 
wall permeameter (samples o f 50 mm)
By comparing the media variations o f the obtained 
permeabilities for the different hydraulic gradients, in a

Figure 4  : Permeability in function o f  hydraulic lad - Normal 
Proctor, sample o f  100 mm
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Figure 9: Relation ship K 5 co , sample o f  50 mm mean 
gradients
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Figure 11: Permeability versus hydraulic lad - Modified Proctor, 
Plastic soil -  cement sample o f  50 mm

3.4.3 By comparing the plastic soil-cement and the soil 
compacted with the energy o f  Modified Proctor, in  all cases 
the permeability is strongly higher than ones attained in 
quoted test. (Figure 11)

Figure 10: Permeability versus hydraulic lad - Normal Proctor, 
Plastic soil -  cement sample o f  50 mm

function o f humidity and compaction density with the 
Normal and Modified Proctor, it is possible to observe 
that in both cases the permeability decreases with the 
increase o f the compaction parameters; as expected for a 
determined humidity and compaction density, 
permeability values are very different between them  
Similar differences between the permeability o f design 
and the real permeability o f barriers, including the cases 
where the specimen compaction fulfilled the values o f 
density and humidity demanded by the projecter, can be 
attained
Those differences will be function o f both type of 
equipment used in barrier compaction and variations 
between energy o f compaction in situ and those selected 
in laboratory for the obtainment o f the density/humidity 
relationship in  the material. (Figure 9)
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3.4 Plastic soil-cement

3.4.1. By analyzing experimental results, the permeability 
increases with the hydraulic gradient

3.4.2. By comparing this material and the soil compacted 
with the energy o f  Normal Proctor, in general the permeability 
is superior to that obtained with compaction humidities higher 
than the optimum value (wet branch).(Figure 10)
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