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I n f l u e n c e  of w a s t e  w a t e r s  o n  soil d e f o r m a t i o n s  

L’influence des eaux industrielles sur les déformations des sols

B.KIROV, Dr Eng., Assoc. Professor, University of Architecture and Civil Engineering, Sofia, Bulgaria

SYNOPSIS: The changes of the deformation properties and of the collapsability of loess under the 
action of oil products and industrial waste waters containing detergents, as well as the changes 
of the deformation properties of a clay paste under the action of detergents are considered.Respec
tive conclusions concerning the operation of structures operating under such soil conditions are 
drawn.

Modern construction requires not only profound 
preliminary study of the subgrade, but also a 
through knowledge of the factors causing its 
changes in the course of operation of the 
structures erected on it. The changes of the 
physical and mechanical properties of the soils 
in the areas of industrial plants occur mainly 
as a result of their pollution due to leakages 
from the special sewage networks and their 
appurtenant structures, to failures in the 
various installations and to the disposal of 
chemical wastes on and under the ground sur
face .

The present paper considers mainly the in
fluence of one of the most frequently encounter
ed polluants of the subgrade in industry on the 
deformation properties of loess and clay soils, 
namely the industrial waste waters containing 
surface-active substances.

The tests with loess soils were carried out 
with "twin" specimen (cut from one undisturbed 
sample) having the following physical character
istics: p  = 1.67 g/cm3; P s = 2.74 g/cm3;

0.8 7; w = 14.5%; w_ 22%; wT = 28%.
P L

Mineral composition: of the sand and silt 
fraction - quartz, mica, feldspar and carbon
ates; of the clay fraction - hydromica, mont- 
morillonite and kaolinite.

Particle size distribution: from 2 to 0.05 
itttn - 25%; from 0.05 to 0.005 mm - 73%; less 
than 0.005 mm - 2%.

Clay paste, placed at liquid limit, with the 
following physical characteristics was used

2.70for the clay tests: p  = 1.76 g/cm3; p 

g/cm3; e = 1.17; w = 41.5%
s

20%; wT____ „T = 42%.
P L

Particle size distribution: from 2 to 0 . 1  mm - 
23%; from 0 . 1  to 0 . 0 0 5  mm - 67%; less than
0.  0 0 5  mm - 1 0 %.

Mineral composition (determined with electro
nic microscopic and X-ray crystallographic ana
lysis) : chlorite, hydromica, kaolinite, quartz 
and feldspars. Quantitatively prevailina are 
quartz, hydromica, chlorite and kaolinite.Least 
found are feldspars.

In clays and generally in soils with slow 
permeability difficulties arise in the penetra
tion of the respective chemical solutions 
through the specimen tested in the laboratory.

For that reason a test apparatus was used which 
represents a closed airtight oedometer allowing 
the penetration of a liquid through the soil 
specimen in upward or downward direction. The 
apparatus is designed for determining both the 
permeability and the deformation properties of 
clay soils .

In the tests a 2% water solution of detergents 
penetrating upward through the soil specimen was 
used. After the specimen was saturated with the 
solution, the test continued as a oedometer 
test.

0,1 0,2 0,3 p.MPa

Fig. 1. Compression curves of a clay paste with
out (1) and after processing with a 2% 
solution of detergents (2) .
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At the same time oedometer tests were carried 
out with non-polluted paste and with loess sa
turated with distilled water. The compression 
curves obtained for the clay paste and for the 
undisturbed loess specimen are plotted in Fig.1 
and 2, where curves 1 are for soil specimen 
not processed with detergents (saturated with 
distilled water), and curves 2 are for specimen 
processed with a 2% solution of detergents. The 
comparison between curves 1 and 2 shows a con
siderable reduction (up to 30%) of the oedo
meter modulus in both soil types. Thus for 
example, in case of a loading of 0.2 MPa the 
oedometer modulus of the clay is reduced by 
15% and of loess - by 20%. After the oedometer 
tests the specimen were submitted to electronic 
microscopic and X-ray crystallographic analysis. 
In the specimen processed with detergents no 
deviation from the above mentioned mineral com
position was observed and no traces of chemical 
interaction were established. This indicated 
that the interaction has occured on the basis 
of adhesion, cohesion and over the external 
surfaces of the basalt without any penetration 
of ions, molecules or micelles in the inter
layer space of the minerals.

The effect of crude oil and petrol on loess 
was also studied, since they can penetrate in 
the soil in case of accidents in petrochemical 
plants and stores for oil products. The tests 
with crude oil (Fig. 2, curve 4) was carried 
out applying the same pattern as with the de
tergents, whereby after a loading of 0.28 MPa

Fig. 2. Compression curves of undisturbed 
"Twin" loess specimen.
1 - saturated with destilled water;
2 - saturated with 2% solution of 
detergents; 3 - with natural water con
tent; 4 - saturated with crude
o i l .

was reached, water was let to penetrate up
wards through the specimen. In a parallel 
oedometer test with loess at natural water 
content (Fig. 2, curve 3), after a loading of
0.28 MPa was reached, first petrol was let to 
penetrate upwards and then water. The test re
sults given in Fig. 2 indicate that the crude
oil reduces up to 4 times the collapsability 
and raises (up to 40%) the oedometer modulus of 
the loess (see curves 4, 3 and 1 in Fig. 2) . 
When the loess is wetted with petrol a compa
ratively limited collapse (0.3%) is obtained, 
and after subsequent wetting with water the 
loess completely preserves its collapsability 
(see curves 3 and 1 in Fig. 2).
The comparison of curves 3, 1 and 2 in Fig. 2 

after the well known method of the two curves 
shows that the collapsability due to the 2% 
solution of detergents (see curves 2 and 3) is 
increased up to 1.5 times compared to the ac
tion of the distilled water (see curves 3 and 

1) .
These studies show that under the above con

sidered interaction significant changes of the 
deformation properties of the soils occur. It 
should be taken into account in the design of 
structures erected under these conditions, that 
undesitable additional settlement and collapse 
of the subgrade might occur in the course of 
their operation.
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