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Geotechnical parameters in description 
of soft soils consolidation
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Th e construction of embankments on organic soils is associated with necessary to improve subsoil conditions. Soft organic soils 
are often highly compressible and have low shear strengths, what causes large deformation, both vertically as well as horizontally, 
that may occur during and after the construction period [11]. Th e settlements usually appear quickly but can also continue for 
a very long time because of the secondary compression [6]. However, in Poland there are large areas with soft organic soils where 
diff erent kinds of embankments have to be constructed. In these cases, the prediction of soil behavior and the selection of 
a proper design method becomes an important and complex engineering task. In this paper the analysis of the soft subsoil 
deformation process under load is presented. Th e main factors that determine the consolidation of soft subsoil are described, as 
well as the proposition of changes in organic soils properties for better prediction of the construction’s settlements. Based on 
fi eld observations and laboratory test results, the characterization of organic soft soils and the results the calculation procedure 
are proposed. 
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Introduction
For the good choice of the method of the embankment 
construction on the organic soft soils the evaluation of 
the rise shear strengths is essential. Because of this, the 
proper selection of suitable construction schedule 
involves not only the estimation of the fi nal settlements 
but also the prediction of the subsoil deformation course 
and pore pressure dissipation [7]. 

Th e known of the current deformation state of the 
subsoil during construction and under loading, as well 
as the eff ective stress, is needed to calculate how the shear 
strengths can increase and to analyze the stability of the 
embankments [8].

Th e factors determining the settlements of subsoil are 
connected mainly with the kind of the soil, the water 
saturation and the range of loading. Th e choice of the 
construction method is a matter of fi nding some 
optimum solution, where both economic and technical 
aspects must be considered. Th ese solutions will vary 
according to demands on the standard, the available 
construction time and geotechnical conditions [9].

Consolidation performance
Generally the consolidation process consists of two main 
stages [1]:
 • primary settlements — immediate and 

consolidation;
 • secondary and tertiary settlements — creep.

Primary settlements are the results of immediate (initial) 
undrained elastic deformation of the subsoil under an 
applied load. Moreover, they are the eff ects of soil 
consolidation connected with settlement and expulsion 
of excess of pore from the soil under an applied load. 

Secondary as well as tertiary settlements are the 
consequences of creep of material under the eff ective 
stress. Th ey depend on rheological properties of soil and 
are signifi cantly time dependent in a long period [2].

To calculate the initial settlements, both vertical and 
horizontal, is essential to base on the elastic theory, which 
uses the undrained Young’s modulus Eu and the Poisson’s 
ratio ν. Th e evaluation of deformation characteristics in 
this stage of settlements needs to perform triaxial 
undrained tests.
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Th e main parameters for calculation the consolidation 
settlements in one — dimensional analysis are delivered 
from compression tests: oedometer incremental loading 
test (IL) or oedometer test with continuous loading CL. 
Th e compression parameters are the following: Cc 
compression index; Cr recompression index and Cs 
swelling index [10]. Th e other parameters defi ning 
consolidation phase settlements are: mv the coeffi  cient of 
one dimensional compressibility and M oedometric 
modulus — M0 primary, M secondary [5].

For the description of creep settlements, mainly the 
cα coeffi  cient of the secondary consolidation is applied. 
Th is parameter is evaluated for each one load of step 
during oedometer IL tests and is a function of stress 
history and deformation. In addition, variation within 
the particular range of stresses and deformations should 
be determined for the later application in the fi eld. Th e 
coeffi  cient of secondary consolidation may be presented 
as [10]

    or    (1) 

Th e results from many laboratory and fi eld tests made 
by lots of scientists’ (Berry & Poskitt 1972; Edil & 
Dhowian 1979; Szymański 1986; Wolski i in. 1988; 
Szymański & Sas 1998) show the non — linear character 
of the dependences describing the consolidation phase. 
Th is non — linear character follows from not only the 
change in soil’s condition but also large stress anisotropy 
in the ground and its variety in the deformation process. 
Changeable geometric subsoil as the result of high 
compressibility of soft organic soils must be taken into 
account by estimation of the consolidation stage. More 
complicated than in mineral soils deformation process 
demands applying calculation methods based on complex 
soils models describing diff erent behavior of organic soft 
soils under load.

The physical properties of soft soils
Th e characteristic of soft soils were obtained basic of 
laboratory tests performed on peat and lacustrine chalk. 
Th is laboratory investigation consists of routine 
oedometer tests, which were held in the Geotechnical 
Laboratory in the Department of Geotechnical 
Engineering of the Warsaw University of Life Sciences. 
Th e specimens to the laboratory tests were sampled from 
the test site situated in the north — eastern of Poland 
near Olsztyn city. Th e physical properties of examined 
soft soils are performed in Table 1. 

Analysis of the deformation course in oedometer 
tests

Th e analysis of the deformation process of soft subsoil 
using two main oedometer tests (IL and CL) shows quite 
high vertical displacements under diff erent loading, as 

well as diff erent velocity in loaded soils. Th e specimen 
from investigation with gradually increasing load settled 
more than the specimen from investigation with constant 
load (Table 2).

Table 1. Composition of physical properties of examined 
soft soils.

Properties Symbol Unit Peat Lacustrine 
chalk

Water 
content w % 641–760 150–300

Bulk density ρ g • cm-3 0,99–1,01 1,15–1,41
Dry density ρd g • cm-3 0,12–0,14 0,29–0,51
Dry of solid 
particles ρs g • cm-3 0,98 2,63

Table 2. Composition of peat and lacustrine chalk settle-
ments results in laboratory tests.

σ
[kPa]

Lacustrine chalk Peat
Investi-

gation by 
gradually 
increasing 

load

Investi-
gation by 
constant 

load

Investi-
gation by 
gradually 
increasing 

load

Investi-
gation by 
constant 

load

Settlement [mm] Settlement [mm]
7,5 1,07 1,28 1,11 1,28

12,5 1,84 2,11 2,46 2,25

25,0 3,50 3,13 5,40 4,77

50,0 5,68 4,32 8,05 7,64

100,0 7,47 6,28 – 10,14

Presented results indicate secondary deformation in 
tested organic soils. 

The changes in soil porosity 

One of the most important characteristics in consolidation 
calculation is the relationship between stress and 
deformation. Laboratory tests performed on soft organic 
soils indicate that the logarithmic relationship between 
void ratio e and vertical eff ective stress σ’v is appropriate 
for engineering calculations. Th is relationship can be 
expressed as following:
 • for stress smaller than σ’p 

 (2)

 • for stress higher than σ’p 

 (3)

where: e  — void ratio by σ’v;
 eo  — in situ void ratio by σ’vo;
 Cc  — compression index for normally consoli-

dated soils;
 Cr  — compression index for pre-consolidated 

soils [4];
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Th e results obtained by many scientists (Kogure i in. 
1986, Szymański 1991) specify the relation between 
compression index Cc and Cr for organic soils and in situ 
void ratio eo. Th e results from oedometer tests for tested 
organic soils are presented in Figure 1.

Fig. 1. The relationship between compression index Cc and 
Cr and in situ void ratio eo).

The changes in soil permeability

Organic soils are distinguished by high permeability only 
in undisturbed state. But under the load, the reduction 
of their permeability is noticed. Such variations can even 
reach the value 100 lower in peat and 25 in lacustrine 
chalk. Th us, in the analysis of organic soils consolidation 
is necessary to take into account the changeability of 
pore water conditions together with the changes in void 
ratio. 

Th e logarithmic relation between coeffi  cient of 
permeability k and strain ε can be expressed as:

 (4)

where: kε  — coeffi  cient of permeability by strain ε;
 kvo — initial coeffi  cient of permeability;
 βk — compressibility of the pore water.

Fig. 2. The relationship between coeffi cient of permeability 
kvo and void ratio eo.

Th e eff ects of the observations of the organic soils 
permeability indicate great relationship between initial 

coeffi  cient of permeability kvo and void ratio eo for 
examined soft soils (see Fig. 2).

Secondary compressibility

Th e course of secondary compressibility is usually 
described by a coeffi  cient of secondary compressibility 
cα. Th is parameter has been evaluated from the inclination 
of lower part of consolidation curve after the dissipation 
of pore water pressure is fi nished. Th e oedometer tests 
in long time period give the results that this inclination 
depends also on the value of lay ing load. Th e coeffi  cient 
of secondary compressibility cα and eff ective vertical 
stress σ’v are related to each other by:

  (5)

where: cα — coeffi  cient of secondary compressibility by 
σ’p;

 cαo — coeffi  cient of secondary compressibility by 
σ’vo;

 βc — index of changes in secondary compressi-
bility.

Th e investigations carried out on organic soils show that 
the coeffi  cient of secondary compressibility can change 
from 0,055 (for σ’vo around 7,5 kPa) till 0,253 (for σ’v 
= 50,0 kPa) for peat and from 0,0073 (for σ’vo around 
12,5 kPa) till 0,0219 (for σ’v = 50,0 kPa) for lacustrine 
chalk (Fig. 3).

Fig.3. The relationship between coeffi cient cα and vertical 
effective stress σ’v. 

Secondary compressibility of soft organic soils is the creep 
eff ect by diff erent eff ective stress. Calculations of settlements 
taking creep eff ects into account [11] need some special 
methods of investigation. Apart from oedometer tests, to 
describe the secondary deformation process creep tests in 
fully drained conditions in standard triaxial cell must be 
prepared [4]. Th e velocity of secondary deformation 
depends on the stress deviator value. When the stress 
deviator is lower than the destructive deviator, the velocity 
of deformation is getting smaller and the tangent stress has 
the maximum value. Th e velocity of deformation decreases 
at the beginning to later increase rapidly until the maximum 
value at the destruction moment. 

 εβε ⋅−= kvokk loglog

 vcocc 'loglog σβαα ⋅−=
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Th e description of secondary deformation should 
take into consideration both phases: the phase of 
secondary deformation, which aff ects to strengthen 
consolidation, and the phase of destructive deformation, 
which weakens the material. Th e value of each phase is 
connected with eff ective stress in the soft subsoil and 
time period [3].

Summary and conclusions
The analysis of the organic soils deformation 
indicates great vertical and horizontal displacements 
in the loaded part of subsoil. However, observations 
of deformation prove that horizontal displacements 
appear mainly during increasing load and cause 
primary settlements of construction as well as during 
secondary deformation in the critical state’s condi-
tions. 

Calculations of the deformation process in organic 
soft soils in one dimensional consolidation theory 
must be completed with the forecast of plastic 
deformations as the eff ects of subsoil interaction 
in undrained conditions while loading and in fully 
drained conditions while increasing secondary 
deformations. 

Th e wide range and great changes in geotechnical 
parameters while evaluation of the deformation process 
of organic soils should be based on the non-linear 
relationships between soils parameters and eff ective 
stress. 

Th e forecast of secondary deformation needs to take 
into account its time development and particularly 
change in the character this deformation with stress 
deviator.
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