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Air permeability of a compacted tropical soil 

Permeabilite a I’air d’un sol tropical compacte

S.G. Ignatius -  Technolog ical Research Institute (IPT), Brazil 

C. S. P into -  Polytechnic  School, University o f Sao Paulo (USP), Brazil

ABSTRACT: It was determined the air permeability of compacted specimens of a silty residual soil as a function of moisture content 
and dry density, as moulded and after drying from compacted conditions. The study suggests that the soil should be compacted at the 
wet side of the compacting curve if the purpose is to minimise gas flow through the soil layer, even if the final equilibrium moisture 
content of the layer is lower, providing fissures do not appear.

RESUME: On a determine la permeabilite a Pair des echantillons compactes d’un sol residuel limoneux en fonction du teneur en eau et 
de la density seche, dans les conditions de moulage et apr6s sechage. Les donnes suggerent que le sol doit etre compacte du cote humide 
de la courbe de compactation si le propos est minimizer le flux de gaz & travers la couche de sol, meme si l’humidite d’equilibre de la 

couche est mineur, des que fissures ne surgissent pas.

INTRODUCTION 3 TEST METHODS

Compacted soil layers are frequently used as covers for waste 
disposal sites to minimise, rain water inflow and gas outflow 
conducting the gas to a drainage system. To understand the 
mechanism of gas flow through compacted soil, a laboratory 
investigation was performed in order to determine the air 
permeability anisotropy of a compacted soil and the effect of 
drying on it. Afterwards, if desired, the permeability of the soil 
to any gas can be calculated from the gas molecular weight, 
viscosity, and from the soil air permeability (Ignatius 1997).

2  MATERIAL

The soil sample studied here was collected from the compacted 
cover layer for one of the biggest S3o Paulo city sanitary 
landfills. It is a sandy silt with mica, having liquid and plastic 
limits of 62 and 34 respectively, and L (Laterization Index) 
equal to 0.27 which characterises it as a “non-lateritic” soil 
(Ignatius 1991). Maximum dry density and optimum moisture 
content are 1552 kg/m3 and 20% respectively. Compacted 
specimens were moulded at three different dry densities, and 
four different moisture contents, to be tested for air permeability 
in parallel and perpendicular directions relative to the 
compacting effort direction (figure l a). In addition, another 

specimens were compacted, air-dried to different moisture 
contents in a controlled temperature ambient (22 - 26 °C), and 
tested also for air permeability in parallel and perpendicular 
directions (figure l.b). Figure 1 shows all the specimens tested 
related to the moisture-density curve. In the figure, “w” 
indicates moisture content, “i”, initial or compacting moisture 
content, “f \  final or test moisture content, “V”, vertical, “H”, 

horizontal.

(a) (b)

Figure 1. Specimen conditions for air permeability tests.

3.1 Equipment

Air permeability tests were performed under constant head in a 
flexible wall permeameter (adapted triaxial cells). A 
“bubblemeter” connected to the outflow was used to measure 
the flow rate. The air at the inflow was bubbled into water, 
before entering the specimen under a pressure excess relative to 
the atmospheric of 10 kPa. At the outflow the air was under 
atmospheric pressure. The specimens had their lateral surface 
covered with a high viscosity sealing glue and rubber 
membranes, and were submitted to a confining pressure of 20 
kPa.

3.2 Calculations

Flow velocity (volume per area per time) in one direction of a 
homogeneous incompressible fluid which saturates a porous 
medium is described by Darcy’s equation:

k dP 

q _  ndx
(1)

where k is the “intrinsic permeability coefficient” of the 
medium, n is the fluid dynamic viscosity, P is pressure and x is 
distance of flow. If the fluid is incompressible, q is constant 
along x under constant temperature. In the case of a 
compressible fluid however, q increases as the flow approaches 
the outflow end, because of fluid expansion, remaining constant 
just the mass flow (Muskat 1937, pg. 77). In equation (1) k is 
constant and n can be considered constant for gases submitted 
to pressures up to 10 atm (Bird, Stewart e Lightfoot 1960, pg. 
21). From the Law of Ideal Gases it is known that:

P=-
PM

r t "
(2)

where P is absolute pressure, M is molecular mass, T is absolute 
temperature, and R is the perfect gas constant. Mass flow is, 
from eqs. (1) and (2):

M k dP 
pq = — - P  —  

RT ji dx
(3)

In eq. (2), making P = P0 (Normal atmospheric pressure)
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implicates p = p0 (gas density at normal atmospheric pressure 
and at the test temperature):

M Po
—— = const.=-r— 
RT P„

( 4 )

which, substituted in (3) and remembering that P is a function of 

x gives:

pq =
Po.k_ldP^ 

P0 ji2  dx

m

At
( 5 )

where m is the mass of gas flowing through area A in time 

interval t. As

Po „ , ,  
m =^-P2V2

equation (5) becomes, in finite form, and isolating k: 

2|iLP2V2
k =

At(P, -  P2)

(6)

( 7 )

where L is length of flow, V2 is volume of gas measured at the 
outflow (under the pressure P2), and Pi is absolute inflow 
pressure. The intrinsic permeability coefficient k is calculated 
from test data using expression (7).

Following Langfelder, Chen e Justice (1968), it is possible to 
verify the influence of considering or not gas compressibility, by 
comparing the value of k, (“k incompressible”) obtained from 
eq. (1), and k: (“k compressible”) obtained from eq. (7).

Putting eq. (1) in finite form, dividing it by eq. (7), putting Pi 
= P2 + AP and isolating k,. becomes:

k. =-
2 P ,

2P, + AP
(8)

Considering P2 = 101.325 kPa (Normal atmospheric pressure) 
and AP = 10 kPa (employed in the tests for this work):

kc = 0.95kj.

Increases in AP increase the difference between k= and k,.

4. ANALYSIS OF RESULTS

Results obtained are presented in figure 2 for all tests done. It is 
presented the effective air permeability coefficient, which is the 
intrinsic permeability coefficient dependent on the air saturation 
of the soil (Bear 1988), versus air void ratio(relation between air 
volume and particles volume). A, B and C are the three lines of 
dry densities shown in figure 1 a, A being the highest and C the 
lowest one. The symbol “xx” means “specimen moulded and 
tested at the same moisture content”, and the symbol “6y” 
means “specimen moulded at the moisture content 
corresponding to the line 6 (the most humid in figure 1 b) and 
dried to another moisture content to be tested”. Curiously, 
permeability coefficient curves for specimens tested in vertical 
and horizontal directions were indistinguishable. For this reason 
they are presented all together in figure 2.

For the curves Axx, Bxx and Cxx, the air void ratio varied as 
a function only of the moisture variation (see figure l.a), while 
for the curves C6y and A6y air void ratio was a function of both 
moisture content and dry density (figure l.b). Figure 2 shows 
basically the permeability coefficient decreasing as air content 

or dry density increases, as expected.

Comparing curves A6y with all others, it is seen that this soil 
compacted at a relatively high dry density, and at the wet side of 
the compaction curve (moisture associated with vertical line “6” 
in figure 1 is 25 %), remains with a low permeability coefficient 
even after air-dried. The problem is that it probably develops

Figure 2. Regression curves for all specimens tested (points 
shown in the figure are not experimental).

more fissures or cracks during the process of drying, if the soil is 
in a compacted layer instead of in a small laboratory specimen. 
Some additional research is needed to determine the maximum 
level of shrinking due to drying that this soil can afford without 
Assuring. It is expected that the correspondence of these data 
with matric suction also measured in the present research can 
provide means of designing systems of controlling appearance 
of fissures in a compacted soil layer in the field.

5. CONCLUSIONS

For the soil tested, permeability coefficient were the same in 
vertical and horizontal directions. Specimens moulded in higher 
moisture contents and dried to another, showed lower 
permeability than specimens moulded and tested in this last 
moisture content.
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