
1 INTRODUCTION  

A characteristic element in the geological structure found in Poland is the occurrence 
of deposits which are a result of fluvial and lacustrine accumulation. These deposits 
include normally consolidated non-cohesive deposits in the form of sands, organic 
soils and silts. Deposits of this type very often constitute subsoil for road structures 
and large-scale objects. There has been considerable interest in Poland in the last 20 
years in static penetration methods such as CPTU, SCPTU and dilatometric testing 
(DMT). These three types of tests are crucial for the determination of strength and de-
formation parameters in organic soils and other normally consolidated deposits. An 
obvious advantage of these tests is the possibility to reduce to the minimum the num-
ber of samples for laboratory analyses. Problems with collection of high quality sam-
ples from peats, soft silts and sands below water level are commonly known. Key pa-
rameters for rational design of road embankments and large structures are soil 
stratigraphy and spatial variability of 1-D constrained modulus. A description of the 
spatial variation of subsoil deformation may be obtained by constructing a model of 
subsoil rigidity based on the established constrained modulus (Młynarek, 2008). In 
the construction of the model of rigidity for soft soils, CPTU and SDMT results are 
very suitable, since they provide a large number of measurements and a continuous 
picture of changes in mechanical parameters of subsoil with depth. On the other hand, 
the interpretation of characteristics of CPTU and SDMT testing in organic soils and 

CPTU, DMT, SDMT results for organic and fluvial soils 

Z. Młynarek, J. Wierzbicki, K. Stefaniak 
Poznań University of Life Sciences, Poland 

 

ABSTRACT: The paper presents a description of strength and deformation parame-
ters of subsoil composed of peat, mud and sand, which intended to be the foundation 
for the reservoir with a diameter of 30 meters. Performed CPTU, DMT and SDMT 
tests, allowed to determine the value of Go modulus and constrained modulus M. The 
article also discusses interrelationships between mechanical parameters presented 
above. Using statistical methods the influence of factors on these relationships was 
examined. The IDW method was used for determination of global rigidity subsoil 
model, used in the final conception in reservoir foundations. 

  2nd International Symposium on Cone Penetration Testing, Huntington Beach, CA, USA, May 2010



glacilacustrine deposits is still debatable, since a question arises whether relationships 
known from mineral soils may be adopted for the prediction of soil type and con-
strained modulus of organic soils and other glacilacustrine deposits.  

2 CHARACTERISTICS OF THE TESTING AREA  

Tests were performed in two sites with a markedly different genesis of subsoil. The 
selection of the locations for CPTU and SDMT testing was based on the concept to 
have subsoils significantly differing in the genesis and lithology of the soil. Site 1 
was characterized by the presence of normally consolidated deposits of delta accumu-
lation, while in the other site overconsolidated glacifluvial deposits were found. The 
site with normally consolidated deposits is located in the delta of the Wisła river. 
Subsoil structure in this site is determined by the accumulation and erosion processes, 
typical of delta areas. A characteristic feature of organic layers is their relatively 
small thickness (approx. 1 m) and the fact that they are found at different depths in 
the profile. The content of organic fractions in these soils ranges from 12 to 27%, 
while bulk density ranges from 1.3 to 1.6 g/cm3 and natural humidity within the 54 to 
130% range.  
Overconsolidated soils were found in the valley of the upper course of the Wisła riv-
er, between Katowice and Kraków (Site 2)  (Bzówka 2009). Fluvial deposits accumu-
lated in this area were overconsolidated by migrating dune fields, active at the end of 
the Pleistocene and the beginning of the Holocene. The overconsolidation of these 
soils was also affected by cyclic changes in ground water levels, characteristic of the 
Wisła valley. The sedimentation profile in that site is monotonous, composed of lay-
ers of medium sands and occasionally fine sands. 
Typical profiles in CPTU and DMT testing of soils in the first site are presented in 
fig. 1. The CPTU and DMT tests were typically spaced about 10m apart. Results of 
the tests made it possible to evaluate deformation parameters of the subsoil. The CPT 
constrained modulus, corresponding to the 1-D constrained oedometer modulus 
MCPT, was determined according to the methodology proposed by Sanglerat (1972) 
assuming a cone coefficient  to be between 3 and 4. In case of the interpretation of 
DMT a standard procedure according to Marchetti (1980) was applied. Values of 
modulus G0 were determined based on the measurement of wave velocity, according 
to the assumptions presented by Młynarek et al. (2006). Specific gravity of soil as 
well as its mineral and grain size distribution were determined on the basis of high 
quality samples. 
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Fig. 1. Typical CPTU and SDMT characteristics of soils in the Wisła delta (test site 1). 

3 CPTU AND DMT CLASSIFICATION SYSTEMS FOR IDENTIFICATION OF 
ORGANIC SUBSOIL   

Applicability of commonly applied classification charts for DMT and CPTU testing 
and their use in the identification of mineral soils found in Poland was assessed in 
numerous analyses (Młynarek et al. 1997). However, these investigations showed that 
the identification of organic soils in typical CPTU systems is doubtful. In this article 
the location of tested soils was analyzed in the DMT diagram by Marchetti and 
Crapps (1982) and CPTU diagrams by Robertson (1990) and SCPT by Robertson et 
al. (1995). The location of non-cohesive soils found in sites 1 and 2 in the CPTU and 
DMT classification charts identifies very well the lithology of the subsoil (Fig. 2). 
Differences in the interpretation appear for the organic soils. Młynarek et al. (2006, 
2008) showed that the DMT diagram very well identifies the structure of organic sub-
soil (Fig. 2A). In this respect the use of the CPTU diagram by Robertson (1990) leads 
to an erroneous interpretation of results, since organic soils are located in the zone al-
located for silty clays and sensitive soils (Fig. 2B). This fact results from the record-
ing of relatively high values of cone resistance and low values of sleeve friction in the 
organic soils. Such a situation may be explained by the considerable admixture of the 
sand fraction in these soils, characteristic of soils of fluvial accumulation. Much bet-
ter results are provided when the value of G0 is taken into consideration and the dia-
gram by Robertson (1995) is used (Fig. 2C). The application of modulus G0 in the 
construction of a CPTU classification chart for the determination of organic soil lay-
ers in the subsoil was also pointed to by Long (2008). 
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Fig. 2. Locations of  tested soils on the DMT classification chart by Marchetti and Crapps, 1982  (A) 
and CPTU classification chart by Robertson, 1990  (B) and on the SCPTU classification chart by Ro-
bertson et al. 1995 (C). 

4 RELATIONSHIP BETWEEN CPTU AND DMT FOR THE DETERMINATION 
OF CONSTRAINED MODULUS OF SUBSOIL    

Modulus, which describe deformability or compressibility of subsoil, are determined 
based on laboratory or estimated from DMT and CPTU tests, using correlations  (e.g. 
Lunne et al. 1997, Marchetti et al. 2001, Młynarek et al. 2005). Measurements of the 
seismic wave, performed in SCPTU and SDMT are used in the determination of the 
small strain shear modulus G0. Thus, simultaneous CPTU, DMT and seismic tests 
make it possible to compare values of both modulus. An example of such an attempt 
is the correlation proposed by Marchetti et al. (2009) for DMT, in which a relation-
ship between a ratio of G0 to M, and the value of horizontal stress index KD is sug-
gested. In turn, high consistency between modulus G0 determined in SCPTU and 
SDMT was shown for post-floatation deposits by Młynarek et al. (2006). Within the 
framework of the investigations connected with this paper the applicability of these 
dependencies was analyzed for the assessment of the constrained modulus of the 
tested soils. Fig. 3b shows that sands are very well located in the graph by Marchetti 
et al. (2009), which means that this dependence may be used for the indirect determi-
nation of modulus G0 based on DMT results. The relationship for organic soils to a 
certain degree corresponds to a curve established for clays, although at lower values 
of G0/M it approaches the values characteristic of sands. Very similar results were ob-
tained after replacement of modulus M determined from DMT, with the value of the 
modulus determined from CPTU (Fig. 3a). This statement needs to be considered 
highly significant, since an analytical notation of the formula makes it possible to de-
termine modulus G0 on the basis of modulus M from CPTU and observations of 
changes in this modulus with depth.  
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Fig. 3. A relationship between the factor of proportionality of modulus G0/M from DMT (a) and CPTU 
(b) and the horizontal stress index KD. 

 
It is of interest to consider the relationship between modulus G0 and M for the organ-
ic soils and to determine how this dependence is determined. The analysis of the 
process of static penetration and the dilatometer test in organic soils conducted by 
Młynarek et al. (2008) showed that there are several factors which affect the course 
of penetration characteristics and measured parameters in DMT and as a consequence 
the determined constrained modulus. This analysis showed that the effect of these 
factors on both tests varies. In the hierarchy of factors, which effect on cone resis-
tance or values of measurement for pressures p0 and p1 is most significant in organic 
soils, the key positions are taken by overburden stress, OCR and soil moisture con-
tent. Due to the complex preconsolidation processes of organic subsoil at site 1, the 
effect of this factor on the dependence between modulus G0 and M was analyzed. 
Values of OCR for peat from different deposition levels in the subsoil were deter-
mined on the basis of oedometric laboratory tests. Based on this analysis preconsoli-
dation stress ’p was determined and OCR was calculated according to the definition 
proposed by Casagrande OCR = ’p/’v0. 
It results from Fig. 4 that the effect of OCR on the relationship between modulus G0 
and M is statistically significant and the correlation is described by a high regression 
coefficient. 
 

 
 
Fig. 4. A relationship between the results of  SDMT and  CPTU & laboratory tests for organic soils. 
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In geotechnical practice different formulas are used to estimate modulus G0 on the 
basis of CPTU results, thus a comparative analysis was conducted for several formu-
las with values of the modulus provided by the seismic test. Both in case of organic 
soils and sands a formula given by Rix and Stokoe (1992) was used for the calcula-
tion of G0 values on the basis of CPTU results, which applicability for mineral soils 
found in Poland was confirmed by Barański et al. (2006).Modulus G0 from DMT was 
estimated based on formulas given by Marchetti et al. (2009). In case organic soils 
both the formula developed for clays and that for sands were used. Moreover, rela-
tionships developed by the author's for CPTU were used, which are described by the 
formulas given below: 
 

  0,1

0 97.49


 DCPTU KMG  for sands  (1) 

 

  13.0
0 35.12 OCRMG CPTU  for organic soils  (2)

  
In Fig. 5 line C shows the most statistically significant relationship between modulus 
G0 determined from seismic testing as well as DMT and CPTU. It results from the 
figure that the formula, which was developed based on the author's studies, makes it 
possible to forecast modulus G0 with high probability, since points defining the rela-
tionship between modulus established from both tests for organic soils are located on 
line C, while for non-cohesive soils along this line. The other formulas are of little 
use for the assessment of this parameter in organic subsoil. It is of great practical im-
portance to know this dependence, since DMT is a point test, while a continuous pic-
ture of changes in modulus M and G0 in the subsoil may be obtained from CPTU.  
 

 
Fig. 5. A comparison of values of modulus G0 determined from the seismic test and calculated based 
on CPTU and DMT for organic soils and sands. 
 
Figure 6 presents a relationship between modulus determined from CPTU and DMT 
for non-cohesive and organic soils. In case of non-cohesive soils we may observe 
high consistency of results from both studies. Absolute differences in values of mod-
ulus for organic soils are similar to those for sands; however, taking into considera-
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tion relative differences (in relation to the range of the modulus in these soils) it 
needs to be stated that both methods yield significantly different results. The modulus 
from CPTU has an almost constant value for organic soils (approx. 3 MPa), while the 
modulus from DMT changes within a range from 2 to 6 MPa).  

 
 
Fig. 6. A comparison between constrained modulus derived from CPTU and DMT.  
 

5 CONCLUSIONS 

Results of conducted analyses make it possible to formulate several generalizations 
and conclusions: 

- factors, which affect parameters measured during CPTU and DMT in organic 
soils differ from those, which have a crucial effect on CPTU and DMT cha-
racteristics in mineral soils. This fact limits the applicability of empirical rela-
tionships for the assessment of constrained modulus of organic subsoil, which 
were proposed by many authors for mineral soils. On the other hand, analyses 
showed that certain groups of factors such as ’p (OCR) and the component of 
the state of stress, similarly as in mineral soils have a statistically significant 
effect on characteristics of the above mentioned tests in organic soils.  

- The classification system proposed by Robertson et al (1995) for CPTU, in 
which modulus G0 is used, and the system by Marchetti and Craps (1981) for 
DMT seem to be reliable systems for the identification of organic soils in sub-
soil. The use of these systems may be suitable for the identification of samples 
for laboratory analyses, and first of all for the determination of the range of 
layers found in the subsoil. 

- Analyses showed that even from such complex subsoil, as the subsoil com-
posed of organic soils, local correlations between CPTU and DMT parameters 
are described by a statistically significant correlation. Determined relation-
ships facilitate assessment of modulus G0 and M from both tests. These de-
pendencies are of particular value when in the analyzed area both tests are 
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going to be performed, since from the point assessment of modulus obtained 
from SDMT it is possible to go to a continuous assessment of changes in these 
modulus with depth.  
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