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Abstract: Analysis of yield stress ratio and over-
consolidation ratio as parameter determination 
preconsolidation in eemian gyttja. The preconso-
lidation stress is an important phenomenon that 
determines the value of stress history exerted in 
the past on the subsoil in the geotechnical engi-
neering. Overconsolidation ratio (OCR) is one of 
the main criteria conditioning soil behaviour and 
its characteristics. Here thought, the yield stress 
ratio (YSR) is used to determine the value of pre-
consolidation stress resulting from mechanical 
overburden than can be changed by many post 
depositional processes like secondary and tertiary 
compressibility, cementation, aging, temperature 
change and others. The yield stress ratio (YSR) is 
defined as the relationship between vertical yield 
stress (σ’vy) to the effective vertical stress (σ’v0). 
The eemian gyttja was used as a foundation in the 
engineering construction. In practical geotechnical 
engineering, evaluation of stress history is usually 
based on the overconsolidation ratio (OCR). The 
yield stress ratio (YSR) was used in the laboratory 
as one of the basic parameters for the geotechnical 
design of the structure. To know the relation be-
tween geological background, history and mecha-
nical behaviour in long-time process of the soil 
aims a knowledge that can help engineers who 
often have to predict soil behaviour based upon 
the soil geological history and a few geotechnical 
data. In order to evaluate the yield stress ratio of 
eemian gyttja it is necessary to restore this soft, 
organic soil as much as possible to the in situ con-
ditions. The laboratory tests were used to deter-
minate the vertical yield stress and then the yield 
stress ratio. The laboratory tests were made in the 

automatic oedometer and the in situ tests were 
carried out on the dilatometer test (DMT). The 
comparison between the determination the yield 
stress ratio of eemian gyttja from the laboratory 
and the overconsolidation ratio from in situ test 
has been done. The studies have shown that the 
values of the overconsolidation ratio determinate 
from the laboratory tests are a little higher than 
determinate from the in situ tests.
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INTRODUCTION

The preconsolidation stress is an impor-
tant phenomenon that determines the 
value of stress history exerted in the past 
on the subsoil in the geotechnical engi-
neering. Overconsolidation ratio (OCR) 
is one of the main criteria conditioning 
soil behaviour and its characteristics. 
Here thought, the yield stress ratio (YSR) 
is used to determine the value of precon-
solidation stress resulting from mechani-
cal overburden than can be changed by 
many post depositional processes like 
secondary and tertiary compressibility, 
cementation, aging, temperature change 
and others. 

The overconsolidation ratio (OCR) is 
defined as follows:
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where:
σ′p – preconsolidation pressure;
σ′v0 – effective vertical stress.

The yield stress ratio (YSR) is defined 
as follows (Burland 1996):
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where:
σ′vy – vertical yield stress;
σ′v0 – effective vertical stress.

The term preconsolidation pressure and 
overconsolidation ratio should be used for 
the situations that we know or suppose the 
values of the geological history. The term 
vertical yield stress and yield stress ratio 
should be used for the “real situation” 
when the soil under long-time compres-
sion is noticed. In the soil that the second-
ary and tertiary compression is visible the 
yield stress ratio should be obtained. 

The proper evaluation of the past 
effective consolidation stress in the case 
of natural soil subjected to a complex 
and difficult to reconstruct geological 
past often seem to be a problematic task 
(Stróżyk 2015). The pre-consolidation 
pressure value is normally determinate 
based on compressibility soil test and 
usually identified with the yield stress 
and found as a characteristic point on 
the oedometer tests, where the soil 
stress–strain is collapsing (Lambe and 
Whitmen 1977). The reduction of in situ 
pressure can be caused by natural geo-
logical processes (i.e. melting of glacial 
ice, tectonic movements, precipitation of 

cementing agents) or human effects (i.e. 
excavation). When the present effective 
vertical stress is less than this maximum, 
the soil is overconsolidated. 

Szczepański (2007) indicated that 
the vertical yield stress is bigger than 
the preconsolidation pressure, because 
of the creep of soil or like some author 
says “aging of the soil” (Bjerrum and Lo 
1963, Schmertmann 1991).

MATERIAL AND METHODS

In situ dilatometer test is usually used 
to determine the overconsolidation ratio 
(OCR), based on empirical regional 
formulas (Bajda and Skutnik 2010, 
Lechowicz et al. 2014). In the labora-
tory, the preconsolidation pressure or the 
vertical yield stress can be obtained from 
the oedometer tests in long-time stress–
–strain characteristics. Although, Lipiński 
and Wdowska (2017) in the new method 
for evaluation of yield stress in cohesive 
soils indicated that the TX tests should 
be performed because of, among others, 
the disturbances can change the final 
results. Nevertheless, some comparison 
between oedometer and TX tests on 
undisturbed organic soils samples have 
been done and for a long-time process 
of secondary and tertiary compression 
excluding measurement of Skempton 
parameter and pore water pressure, etc. 
the test results were similar.

In situ investigations using DMT were 
performed in the “Żoliborz channel” that 
is located in the western part of Warsaw, 
where sedimentation of organic soils took 
place during the Eemian Interglacial. The 
channel is about 12 km long and nearly 
800 m wide in its central part. In the 
“Żoliborz channel”, the organic soils i.e. 
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organic mud and gyttja, reach a thickness 
of up to 10 m (Fig. 1). The DMT test was 
made from the bottom of excavation with 
a depth of 5.0 m. The calculation included 
the weight of excavated soil (Bajda and 
Malinowska 2017).

The type of soil samples, the labora-
tory methods and in situ methodology 
were described by Bajda and Malinow-
ska (2016).

The physical laboratory tests were car-
ried out on two undisturbed eemian gyt-
tja’s samples and included: general index 
tests for classification and characteriza-
tion of the gyttja according to PN-EN ISO 
14688 – density, grain size distribution 
and measurement of compressibility tests. 
The samples of the eemian gyttja have 
been retrieved from 7.2 m depth (2.2 m 

below the bottom of excavation) using 
a Shelby sampler. The physical properties 
of tested samples are shown in Table 1.

TABLE 1. Index properties of eemian gyttja at the 
test site 

Physical properties “Skierniewicka-
-Wolska”

Water content (%) 96.0

Density of soil particles 
(kN·m–3) 2.25

Bulk density (kN·m–3) 1.38

Dry density (kN·m–3) 0.70

Organic matter content (%) 20.0

Initial void ratio (–) 2.28

Porosity (–) 0.7

Source: Bajda and Malinowska (2016).

FIGURE 1. Location and typical cross-section of the test site
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To obtain the overconsolidation ratio 
from in situ test, the dilatometer test 
(DMT) was carried out in the analyzed 
subsoil.

The methodology of standard DMT 
test is widely known and detailed pro-
cedure for conducting the test has been 
presented by Marchetti (Marchetti 1980, 
Marchetti et al. 2001, Marchetti et al. 
2008).

The value of the preconsolidation 
pressure is usually determined based on 
the results of oedometer tests. The pre-
consolidation pressure (σ′p)  can be also 
determined from DMT data according to 
formula (Mayne 1995):

( )0 00.51p p uσ ′ = −  (2)

where:
p0 – corrected DMT contact pressure;
u0 – hydrostatic water pressure.

In situ tests, e.g. dilatometer tests, 
which can characterize the variation of 
OCR with depth are valuable tools for 
geotechnical engineers.

Using the correlation between the 
overconsolidation ratio (OCR) and the 
lateral stress index (KD) for soils with 
the material index (ID) bigger than 2.0 
and for cohesive soils where the mate-
rial index (ID) is smaller than 1.2, the 
following correlations were proposed by 
Marchetti (1980): 

OCR = (0.67 · KD)1.91 (3)

OCR = (0.5 · KD)1.56 (4)

It is important to note that the estima-
tion of the overconsolidation ratio from 

dilatometer tests depends on empirical 
and local experience. Many studies have 
been performed to improve the original 
correlations proposed by Marchetti. 
However, they were mostly limited to 
mineral soils.

Experience from organic soils indi-
cates that the relation between the over-
consolidation ratio (OCR) and the lateral 
stress index (KD) is as follows (Lecho-
wicz 1997):

OCR = (0.45 · KD)1.40 (5)

To determine the overconsolidation 
ratio from laboratory test, the automatic 
oedometer test (ACONS) was carried 
out in the analyzed subsoil.

To determine the preconsolidation 
pressure or vertical yield stress the rela-
tionship between the stress and strain 
was used. The preconsolidation pressure 
and then overconsolidation ratio were 
obtained when the primary consolida-
tion transitions to secondary compres-
sion with the time called ta (Malinowska 
2016). And the vertical yield stress and 
then yield stress ratio were obtained 
when the soil under long-time compres-
sion was noticed, during the tertiary 
compression.

There were several methods used to 
estimate preconsolidation pressure and 
vertical yield stress. The Tavenas et 
al. (1979), Sridharan et al. (1991), and 
Senol new methods (Senol and Saglamer 
2000) are the direct determination meth-
ods, whereas Casagrande (1936), Van 
Zelst (1948), Schmertmann (1953) and 
Sällfors (1975) are the graphical ones.

The laboratory methods were described 
by Bajda and Malinowska (2016).
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RESULTS

To receive the overconsolidation ratio 
from the laboratory tests the precon-
solidation pressure under effective 

vertical stress were performed first. 
There are some results presented in 
Figure 2.

To receive the yield stress ratio from 
the laboratory tests the vertical yield 

FIGURE 2. Methods for determination the preconsolidation pressure: a – the Casagrande method 
(1936); b – the Van Zelst method (1948); c – the Schmertmann method (1953); d – Tavenas et al. 
method (1979); e – Sridharan et al. method (1991); f – the Senol and Saglamer method (2000)
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stress under effective vertical stress 
for long-time period were performed 
first. The time was so long to match the 
secondary and tertiary compression of 
eemian gyttja. There are some results 
presented in Figure 3. Using equations 

(4) and (5), the in situ test results were 
obtained (Fig. 4). The comparison of 
vertical yield stress and yield stress ratio 
with the preconsolidation pressure and 
overconsolidation ratio for eemian gyttja 
are presented in Table 2.

FIGURE 3. Methods for determination the vertical yield stress: a – the Casagrande method (1936);
b – the Van Zelst method (1948); c – the Schmertmann method (1953); d – Tavenas et al. method 
(1979); e – Sridharan et al. method (1991); f – the Senol and Saglamer method (2000)
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SUMMARY AND CONCLUSIONS

In the laboratory the preconsolidation 
pressure or the vertical yield stress are ob-
tained first, and then the overconsolidation 
ratio and yield stress ratio are calculated. 
In the in situ tests the overconsolidation 
ratio is obtained directly from the SDMT 
tests but the correlations presented in 
the literature are regional and cannot be 
used uncritically. A comparison between 
results obtained from SDMT tests and 
laboratory tests has been made.

The following conclusions can be 
drawn from the laboratory and in situ 
test results:

 from the laboratory test results the 
overconsolidation ratio is between 
1.17 and 2.62 and the yield stress ratio 
is between 1.17 and 5.56;

 from the in situ test results the over-
consolidation ratio has been obtained 
using some formulas and the values 
are between 1.0 and 1.11.

TABLE 2. The results of used method’s for obtaining the vertical yield stress and yield stress ratio 
(YSR) and the preconsolidation pressure and overconsolidation ratio (OCR)

Methods σ′vy

(kPa)
YSR
(–)

σ′p
(kPa)

OCR
(–)

Casagrande method 141 1.17 141 1.17
Van Zelst method 182 1.50 151 1.25
Schmertmann method 794 5.56 316 2.61
Sällfors method 215 1.78 205 1.69
Tavenas method 280 2.31 218 1.80
Sridharan method 251 2.08 141 1.17
Senol and Saglamer method 316 2.61 251 2.62

DMT
– – 120 1.11*
– – – 1.00**

Source: *Marchetti (1980), ** Lechowicz (1997).

General, the values of the overconsoli-
dation ratio received by using empirical 
formulas on the basis of SDMT results 
differs from values obtained on the 
basis of oedometer tests and are a little 
smaller. 

The relationship between void ratio 
and logarithm of the vertical effective 
stress seems to be the most accurate for 
determination of the preconsolidation 
pressure and the vertical yield stress ratio, 
that includes the mechanical parameters 
such as secondary and tertiary compress-
ibility and aging.

The yield stress ratio is higher than 
overconsolidation ratio. It might be 
caused by the secondary and tertiary 
compression that is visible in the eemian 
gyttja. 

For further studies, the cementation, 
temperature change and other param-
eters should be considered for obtaining 
the yield stress ratio.
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Streszczenie: Ocena współczynnika uplastycz-
nienia i współczynnika prekonsolidacji gytii eem-
skiej. Naprężenie prekonsolidacji jest ważnym 
parametrem geotechnicznym, które określa zakres 
obciążeń wywieranych w przeszłości na podłoże 
gruntowe. Współczynnik prekonsolidacji (OCR) 
jest jednym z głównych kryteriów zachowania 
się gruntu pod obciążeniem. Parametry te powin-
ny być przede wszystkim określane dla gruntów 
o znanej historii geologicznej, czyli o spodzie-
wanej wartości stopnia prekonsolidowania z do-
brze rozpoznaną historią obciążeń geologicznych 
(np. nadkład, obciążenie lodowcem). Współczyn-
nik uplastycznienia (YSR) jest wykorzystywany 
do określenia wartości naprężenia prekonsolidacji 
wynikającego z nadkładu, który może być zmie-
niony przez wiele procesów, takich jak ściśliwość 
wtórna i trzeciorzędowa, cementacja, starzenie, 

zmiana temperatury i inne. Współczynnik upla-
stycznienia (YSR) definiuje się jako stosunek 
pionowego naprężenia uplastycznienia (σ′vy) do 
efektywnego naprężenia pionowego (σ′v0). W celu 
określenia pionowego naprężenia uplastycznienia 
i współczynnika uplastycznienia przeprowadzono 
w laboratorium badania w automatycznym edo-
metrze. W ramach badań terenowych wykonano 
badanie dylatometryczne (DMT). Dokonano po-
równania między obliczonym współczynnikiem 
uplastycznienia, współczynnikiem prekonsolida-
cji gytii eemskiej z laboratorium a współczyn-
nikiem prekonsolidacji z badań terenowych. 
Badania wykazały, że wartości współczynnika 
prekonsolidacji wyznaczone na podstawie badań 
laboratoryjnych są większe od wyznaczonych na 
podstawie badań in situ.

Słowa kluczowe: wskaźnik prekonsolidacji, 
współczynnik uplastycznienia, gytja eemska
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