
1 INTRODUCTION  

The purpose of this document is to present an overview of the practice of CPT in the 
countries identified as most active in the Southern part of Europe: Portugal, Spain, It-
aly, Slovenia and Greece. 

The two Iberian countries, for their proximity and some geological and geomor-
phological similarities, were combined, whereas Slovenia, Italy and Greece are de-
scribed separately. 

Unfortunately, limited information was available from Greece and only a singular 
contribution from Italy, which cannot be considered representative of the whole coun-
try, but was still included in this report for its interesting view of the practice in a 
very important area of the north Italy, dominated by the Po Valley. In addition, brief 
references are included to some important research topics and/or outstanding projects 
that included CPT, considered relevant to illustrate their impact in Italian geotechnic-
al engineering. 
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ABSTRACT: The use of the CPT test is now a reality in the Southern European 
countries of Portugal, Spain, Italy, Slovenia and Greece. Although there is considera-
ble geological variability in each country and between the different sub-regions, the 
cone penetration test (either CPT, CPTu or/and SCPTu) is being increasingly used in 
soft sediments in deltas, coastal plains, river estuaries and lagoons, as well as residual 
soils where deep weathering profiles dominate. These tests are often used as a com-
plement to the more traditional site investigation method by borehole and SPT, espe-
cially for public works and/or large private sector projects Off-shore and near-shore 
use of the CPT is also increasing rapidly. CPT/CPTu/SCPT research is still far from 
being a main topic of the universities, although some innovations and developments 
are present.  However, few large investments in such innovations were identified in 
the private sector. 
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2 THE IBERIAN PENINSULA 

2.1 Introduction and geologic aspects 

The topography of the Iberian Peninsula is very high - the second highest in Europe 
after Switzerland - which is evidence of the intensity and scattered nature of recent 
tectonic deformation (Tertiary period). The Iberian relief is the result of the forces 
transmitted towards the interior from the edge, active during the Oligocene-Lower 
Miocene period: the Pyrenees. These deformations were highly regular, giving rise to 
a series of structural highs (chains) and lows (basins) which can be seen as lithospher-
ic-scale folds. Figure 1a shows a geologic map of the Iberian Peninsula, including 
Portugal and Spain and Figure 1b represents the Neogene (Miocene + Pleiocene) ba-
sins.  
 

 
Figure 1: Map of the Iberian Peninsula: a) the geology; b) the Neogene basins  

 
The Iberian Geology is very varied and there are not many extensive soft soil 

areas. Soft soils are a minor part of the basins shown in Figure 1b. The geological 
evolution during the Quaternary period has determined that these types of formations 
are clearly defined in space and time. Briefly, soft sediments are restricted to deltas, 
coastal plains, river estuaries and lagoons, mainly along the present shoreline and 
lower part of rivers that flow into the Mediterranean Sea and Atlantic basin. Never-
theless, in these particular areas major infrastructures that already exist are being en-
larged and new ones are under construction at present. A representative example in 
Spain is the Llobregat delta in the Barcelona area. The developments in this district 
include doubling the operative surface of the Barcelona harbour, extending its airport, 
building a new sewage treatment plant (EDAR Riu Llobregat), deviating the Llobre-
gat River lowermost course, setting up high speed railway connections, tunneling for 
a new subway line and restructuring one of the main industrial zones in Spain (De-
vincenzi et al. 2004). Other representative examples are the coastal plains near Mála-
ga or the estuarine areas south of Seville. 

Portugal is located in the southwestern part of the Iberian Peninsula, being the 
westernmost country of mainland Europe and is bordered by the Atlantic Ocean to 
the west and south and by Spain to the north and east. The climate, as in Spain, can 
be classified as Mediterranean type csa in the southern areas and csb in the north. The 
northern landscape is mountainous in the interior areas, with plateaus indented by 
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river valleys, where the Douro river is the most important, starting in the north-center 
of Spain and flowing across the Portuguese territory into the Ocean in the second 
most populated city, Porto (Oporto, Figure 2). The south, between the Tagus and the 
Algarve (the Alentejo), features mostly rolling plains and a climate somewhat warmer 
and drier than in the cooler and rainier north. Algarve, in the extreme South, has a 
climate much like southern coastal Spain. In the center the Mondego river, passing by 
the city of Coimbra (known by one of the oldest universities in the world), is the 
longest river located exclusively in Portuguese territory and is dominated by slow 
flow and deep sediments, largely organics. The Tagus river (Tejo) divides the country 
into two main regions (the North is mountainous, 90% of the land is over 400m, and 
the southern part of the country is mainly flat, 60% is below 400m), entering in the 
Atlantic at Lisbon (Lisboa), the capital and most populated city (Figure 3). 

 

  

Figure 2. Douro River: upper mountains and downstream in Porto (3 of the 6 bridges) 

 
Figure 3. Tagus River basin and the capital Lisbon 

 
There are two main basins in Portugal that should be suitable for the CPT. The 

Duero Basin is the largest Tertiary basin in Iberia. It is in northwest of Spain. The 
Oligocene and Miocene continental deposits are up to 2.5 km thick. It is bounded by 
the central system to the south, the Iberian range to the east, and the Cantabrian 
Mountains to the northeast. The Cantabrian Mountains are the main source of the se-
diments in this basin. The Duero River started to drain the basin by connecting it the 
Atlantic Ocean. Gold was mined in Roman times in the basin. 
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Two Eocene basins in Portugal are the Mondego and Lower Tagus basins which 
are elongated in the southwest direction. Simultaneous with the formation of these 
grabens the Algarve basin was uplifted. In the Miocene period the Lusitanean Basin 
was compressed, and the Portuguese Central Range and Western Mountains was 
formed. 

The presence of these basins explains why the use of CPT and CPTu has become a 
recognized technology for soil characterization during the last ten to fifteen years in 
these particular areas. Besides these circumstances, many site investigation cam-
paigns with CPT and CPTu are carried out for the characterization of hydraulic fills, 
reclaimed land, mine tailings and for evaluating soil improvement. 

 
2.2 Geotechnical challenges in Portugal 

Due to the presence of significant sedimentary deposits in the different river basins – 
some very deep, such as the one of Tagus river – as well deep profiles of highly wea-
thered rock in the North and Center of Portugal, and the fact that most cities are si-
tuated in coastal areas (maritime or fluvial), has made the CPT a preferable site inves-
tigation tool for geotechnical characterization. Foundation engineering design and 
quality control (such as settlement prediction and ultimate load evaluation, both for 
shallow and deep foundations), as well as retaining structures and underground 
projects (such as tunnels of shafts) projects (namely, for supporting systems design – 
anchorages, etc.) have been relying increasingly on direct methods or indirect ap-
proaches (through semi empirical correlations) based on parameters. The SPT is still 
the dominant site investigation test, but gradually, the CPT has been gaining accep-
tance in the geotechnical engineering community. 

A special emphasis has to be made to the importance of Geotechnical Earthquake 
Engineering. The seismicity in the South of Iberia is a key factor in geotechnical en-
gineering (http://earthquake.usgs.gov/regional/world/portugal/seismicity.php) and a 
major challenge for site investigation practice. As summarized by Senas & Carrilho, 
2003), “…the interaction between them the main responsible for a significant seismic 
activity in the area, with the occurrence of several catastrophic earthquakes origi-
nated on continental and submarine tectonic structures. The recent seismicity is lo-
cated mainly South of the territory, being possible to highlight several zones of epi-
central concentration. Generically, the quality of the inland hipocentral locations is 
much superior to the ones at submerse areas. Even though some constrains, the in-
formation of the recent instrumental seismicity could be used in several studies that 
will contribute to the evaluation of the seismic hazard for the region”. 

Liquefaction risk evaluation and dynamic characterization of mechanical proper-
ties of deposits are systematic studies to be made in geotechnical design of special 
structures, and of all class of structures (even the most simple house or retaining 
walls) in the Center to South region of the territory, due to its high seismicity. Na-
tional codes, now in accordance to the European Standards EC7 (CEN 2004a, CEN 
2006) and EC8 (CEN2004b), are very clear and supporting of the necessity of eva-
luating movements and accelerations caused by earthquakes and other vibratory ac-
tions, as well as liquefaction of soils. For these analyses empirical methods are pro-
posed and based on results of in situ tests, where CPT is included. 
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2.3 CPT History & Current Practice in Portugal 

In Portugal, the CPT was only generalized as a complementary device for geotech-
nical classification and characterization of soil masses since the early 1990’s. Before 
that mechanical cones, namely Begemann/dutch cones, were used for specific and li-
mited studies, such as in soft soils in fluvial and sea Ports (Construções Técnicas, 
1985, Marques, 1988) or in residual soils (Viana da Fonseca, 1988). Such works and 
analysis – which included classification, settlements predictions (as well, as related 
consolation time) and embankment and slope stability - were only considered, by the 
community, to be used in special projects.  

With the construction of the major projects of two bridges across the Tagus River, 
a very deep Holocene basin, on a deep fault line (Figure 4a) that caused numerous 
earthquakes (the major ones being those of 1309, 1531 and 1755), the Vasco da Ga-
ma Bridge, in Lisbon (Figure 4b) with an extension of 12.3Km (project – “TejoPro-
jecto – 1993” described in Oliveira, 1997; Sêco e Pinto & Oliveira, 1998), and Sal-
gueiro Maia Bridge, in Santarém (Matos Fernandes, 1996), the Laboratory of 
Geotechnics of Faculty of Engineering of the University of Porto (LabGeo-FEUP - 
www.fe.up.pt/labgeo/), decided to invest in the first CPTu system (Figure 4c) aiming 
to equip the national community with an equipment prospectively useful in the future. 
 

a) 

 b)                            c) 

Figure 4. Tagus River: (a) Holocenic basin; (b) Vasco da Gama Bridge; (c) CPTu pushing 
equipment  

For the first project the main work in the river was contracted with Fugro, but the 
work on both margins was made by the University of Porto (LabGeo-FEUP) under 
the main contractor (Teixeira Duarte, SA). This project involved 114 boreholes, with 

(

(
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more than 2,000 SPT’s, which may be considered normal for such a geometry, 19 se-
ries of self-boring pressuremeter tests, 18 sets of vane tests, 11 series of cross-hole 
seismic tests and 112 CPTU’s, being these quantities considered at that time revolu-
tionary (although being later considered fundamental for the design options, AGIS-
CO, 1995; Sêco Pinto & Oliveira, 1998). 

The second project was totally executed with the system of LabGeo-FEUP, under 
the main contractor for the site investigation and geotechnical characterization (Tec-
nasol-FGE, SA). This also turned out to be decisive in the design, both in the predic-
tion of pile behavior (also calibrated by two pile tests, under the supervision of 
AGISCO-LCPC team, led by Dr. Michel Bustamante), as well as in the evaluation of 
liquefaction risk under seismic actions, which is very important in the Portuguese ter-
ritory (Jorge & Coelho, 1998; Viana da Fonseca, 2001). As expressed clearly in the 
Project, CPTU results turned out to be much more reliable than SPT results, in such 
difficult conditions (Matos Fernandes, 1996). 

After these campaigns, several companies, universities and certified control labor-
atories have also purchased CPT equipment. The geotechnical laboratory of the Uni-
versity of Porto (LabGeo-FEUP) has been involved in other specialized projects, such 
as consolidation studies, settlements prediction or stability studies of embankments 
on soft to very soft soils, in the years of 1995 to 1998 (Aguiar, 2009), mostly in the 
deep deposits of the Mondego river, in the center of the territory. New works for clas-
sification and stratigraphic distribution evaluation for multipurpose objectives, such 
as liquefaction risk analysis, followed by tunneling and underground stations projects 
for the Metro of Lisbon along the Tagus River, in the years of 1998 to 2000, in a 
highly seismic zone (Matos Fernandes et al., 2006 and 2007). The equipment that was 
used in these campaigns was a Pagani-Geotechnical® system (in these later cam-
paigns, a new model of the cones and the acquisition system was used), based on a 
drilling rig with hydraulic Menhir from Sunda, Srl, (Italy), with inclinometer orienta-
tion and overall design under the specifications of ISSMFE (1985), proving to be re-
liable for such demanding conditions.  

In 1996, a doctorate program was concluded in general geomechanical characteri-
zation of residual (saprolitic) soils from granite of the Porto region, with specific pur-
pose of shallow foundation modeling (Viana da Fonseca, 1996). CPT’s were used as 
part of a very extensive in situ campaign for cross-correlation of in situ and laborato-
ry data. Semi-empirical methodologies based on linear and non linear models of be-
haviour for settlement prediction purposes of shallow foundations were considered (a 
thorough description can be find in Viana da Fonseca, 2001). Emphasis was given to 
semi-empirical methodologies based on results of SPT, CPT, PLT and triaxial tests 
on high quality samples with the results from local instrumentation. An overview pa-
per on the characterization for deriving engineering properties of a saprolitic soil 
from granite, in Porto, with emphasis on in situ techniques, namely CPT, is described 
in Viana da Fonseca (2003). Some of the well established methods relying on the re-
sults of CPT tests (Schmertmann et al., 1978, Robertson, 1990) were tested and some 
parametrical and methodological adaptations were suggested that better fit the ob-
served behavior. Following this pioneering work, other research programs have been 
focusing in the use of CPT, among other in situ tests, to the characterization of resi-
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dual soils (Vieira de Sousa, 2002; Rodrigues, 2003; Viana da Fonseca et al., 2004, 
2006). 

In the period that mediate the campaigns of the two bridges over Tagus, a very 
important project was developed in the city of Lisbon, which involved a variety of 
structures (from high buildings and towers, big auditoriums, railway stations, fluvial 
docs, etc) for the 1998 Lisbon World Exposition (Expo’98). A few CPT tests (not 
even CPTu test were involved) were carried out in area, with no significant impact 
for the all set of projects and risk analysis (and, in fact, there were relevant problems 
due to slope stabilization on the redefinition of geometries on the deep soft soils that 
dominate the left margin of the Tagus basin). 

After this transition period, from the very early years of this century, there was an 
exponential increase in the use of CPTu and subsequently the seismic cone (SCPTu), 
in a significant amount of projects. In the 7th Portuguese Congress in Geotechnics, 
Porto, 2000, Gomes Correia & Correia (2000) describe “the characterisation of soft 
soils by comparing some results of CPTu and dissipation tests in the area of un-
drained shear strength, compressibility and consolidation, with oedometer tests and 
vane shear tests, to achieve more reliable relationship between field and laboratory 
tests. The charts for soil classification are used in order to explain some level of the 
subconsolidation stage of the soils investigated, confirming also the reliable use as a 
tool to define stratigraphy, mainly when using pore water pressure data”. Being a 
consequence of an MSc thesis, developed in joint work with the industry, the work 
was developed with a Hyson 200 ® equipment form A. P. van den Berg. 

This work coincided with a new era in the geotechnical practice in Portugal. From 
2000up to the present, the use of the CPT methodology is now consensus, as it may 
be seen from the synthesis of activity received from the private sector of site investi-
gation and geotechnical characterization of one of leading contractors in Portugal, 
Mota-Engil, SA, and included in Figure 5. 

Matos Fernandes et al. (2007) presented the construction of Terreiro do Paco sub-
way station in Lisbon downtown. As described, the site is adjacent to one of the main 
squares of the city, limited by the Tagus river and by historical public buildings in a 
reclaimed area (the two pictures in Figure 2 illustrate the area). The construction oc-
curred between 2002 and 2004. Being the alluvial soils in contact with the Miocene 
clays just close to the tunnel base, 25m below the water table, fine to medium clean 
sands, CPTu tests were decisive for the evaluation of the sensitivity of the these mate-
rials to movements induced by the tunneling works and the execution, and for the de-
finition of design parameters for the retaining structures and grouting amelioration of 
the involving area. Another important subject dealt with the precious help of the in-
formation attained from the CPTu and SCPTu, was the liquefaction risk by cyclic 
mobilization (charts based on qc1 and Vs1 were used for that purpose, and dynamic 
analysis was also possible from the well detailed stratigraphy and the thorough defini-
tion of in depth variation of G0). 
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Figure 5. Synthesis of site investigation and geotechnical characterization from a leading 
company in Portugal (Mota-Engil, SA) 

Contemporarily, several important projects were developed in the Tagus basin, 
namely the new crossing of the river for a new highway in the north of Lisbon (A10), 
at Carregado. This consisted of a 1.7km Bridge, over the Tagus River, and 12k m of 
viaducts, where the alluvial soils can have more than 40 m of thickness, overlaying 
the Miocene substratum. In this very complex geological scenario, the Lezíria Bridge 
piled foundations were one of the main issues of project. The assessment of liquefac-
tion potential was a very important issue, and, Correia (2004), was based mostly in 
the use of CPT instead of the classical SPT along with boring as a result of a better 
reliability, but specially by the allowance of a continuous profile of resistance and 
possibility of indirect knowledge of some characteristics of major importance for 
evaluation of liquefaction risk, like fines content and their nature.  
 
2.4 Standards & Procedures in Portugal 

After a transition period where CPT was performed under the specifications of 
ISSMFE - TC16 (1988) lately upgraded (corrected in 1999 and 2001), procedures in 
Portugal follow presently the terms of the European standard SIST EN 1997-2:2007. 
The test procedure and presentation of the results are generally defined by the follow-
ing adopted European pre–standards: 
 prEN ISO 22476-1:2005, Geotechnical investigation and testing - Field testing - 

Part 1: Electrical cone and piezocone penetration tests (ISO/DIS 22476-1:2005). 
 SIST prEN ISO 22476-12:2006, Geotechnical investigation and testing - Field 

testing - Part 12: Mech. cone penetration test (CPT) (ISO/DIS 22476-12:2006). 
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Procedures are well in line with those described in the Standards & Procedures 
adapted to the specificities of the equipment, following detailed sequences in the ma-
nuals of the manufacturers. 

 
Equipment 

Available equipment enables pushing the probe at constant penetration rate of 20 
mm/s, electronic cone of 10 cm2, 600 with built in amplifier, inclination sensor and 
pore pressure filter in position u2, with cable transmission to data acquisition system.  

To the knowledge of the reporter, there are 9 CPT systems working in Portugal: 4 
are from universities and polytechnic schools/laboratories that use them both for re-
search purposes as for specialized services to the community, 4 are property of con-
trol quality laboratories of industrial associations and 3 from private companies, one 
specifically operating in site investigation and geotechnical characterization and the 
others are part of the geotechnical departments of two national civil engineering con-
tractors. A brief description of some CPT equipments, based on the elements that 
were received from the owners is included in Table 1. 

 

Table 1. Summary of the CPT equipment in Portugal (organized by time) 

INSTITUTION 
/COMPANY 

PUSHING EQUIP-
MENT 

CONE DATA ACQISITION 
SYSTEM 

Univ. of Porto 
www.labgeo.fe.up.pt 

Sunda, SRL, Italy 
Menhir - 100 kN 
(trailer mounted) 

Sunda S300/CB100, 1991 
2 Pagani ME08 SCPTU   
qc=50; fs=0.5; u=2.5MPa

AnaDigit I-91 Punta 
Elect. and Piezocono 
Pagani TGA_S06 + 

computer 
Tecnasol – Fund. & 

Geot, SA 
www.labgeo.fe.up.pt 

Pagani TG 73-200 
200 kN 

(crawler mounted) 

Pagani piezocone (ME08) 
qc=50; fs=0.5; u=2.5MPa

Pagani TGAS06 inter-
face + computer storage 

soft. TGSW03 

Geocontrole, SA 
www.labgeo.fe.up.pt 

Ap vd Berg           
Hyson 200kN  

(trailer mounted) 

Ap vd Berg SCPTU 
qc=100; fs=1.5; u=2.0MPa

Ap vd Berg            
touchscreen with   
Gorilla software 

Polytech. Inst. Guarda 
www.ipg.pt 

Pagani TG 73-200 
200 kN 

(crawler mounted) 

Pagani SCPTU 
qc=50; fs=0.45; u=2.0 MPa

Pagani TGAS06 inter-
face + computer storage 

soft. TGSW03 

LEMO, EIM 
www.labgeo.fe.up.pt 

Pagani TG 73-200 
200 kN 

(crawler mounted) 

Pagani CPTU (ME08) 
qc=50; fs=0.5; u=2.5MPa

Pagani TGAS06 inter-
face + computer storage 

soft. TGSW03 

CICCOPN, LGMC 
www.ciccopn.pt 

ISSA-GM Cibeles C60
200 kN 

(truck mounted) 

GEOTECH CPTU 
 qc=50; fs=0.5; u=2.5MPa

GEOTECH CPT-Log 
MS-Windows® + PC 
storage and software 

MOTA-ENGIL, SA 
http://geotecnia.mota-

engil.eu/ 

Mobile Drill B-47 HD 
600 kN 

(truck mounted) 

GEOTECH SCPTU       
qc=50; fs=0.5; u=2.5MPa 

GEOTECH Datalogger 
Geologg + PC software 

Geotest, Lda 
www.geotest.pt 

Ap vd Berg  
Hyson 100kN LW 
(trailer mounted) 

Ap vd Berg Icone (mod: 
ELCI-CFXYP20-10-AR 
qc=100; fs=1.5;u=2.0MPa

Ap vd Berg            
touchscreen with 
Gorilla software 
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All these cone systems are cable connected to encoders and data acquisition sys-
tems on surface, but differ in the type transmission, some are analogue (with AC or 
DC transmission) others are digital transmitted. There are no wireless CPT systems in 
use, as far as the reporter could evaluate. 

Usually, there were no information of commercial software (a sole institutions 
identified the use of “CPT-Pro” by Geosoft, Geotech in Poland) that is used for 
treatment of data or classification, apart from the one that is included with the system, 
but companies and institutions rely on their own software for this purpose. This is al-
so consequence of the fact that in Portugal traditionally consultancy and design com-
panies are usually independent (separate) from those companies that effectively ex-
ecute ground investigation, which limit themselves to report data, with minor 
interpretation developments. 

 
2.5 CPT Equipment & Procedures in Spain 

Currently, the regulation active in Spain is the UNE 103-804-93 which is a translation 
of “Annex A - International Reference Test procedure for cone penetration test 
(CPT)”, of the Report of the ISSMFE Technical Committee on Penetration of Soils 
Testing- TC – 16, with reference test procedures for CPT-SPT-DP-WST (Swedish 
Geotechnical Institute). However in practice the standard used mostly is the ASTM D 
5778-07. There is also a draft European standard, pending publication. There is no 
national CPT Standard. There are no special equipment and/or procedures used in 
Spain. Nevertheless, it is a frequent practice to carry out combined CPT/drilling ow-
ing to the common presence of gravel (or hardpan) layers which must be drilled 
through (paper presented in Conference, TOTEM system, Devincenzi et al., 2004). 

The most common forms of CPT equipment used in Spain, as in Portugal, are the 
following. 

Pushing equipments are usually hydraulic jacking and reaction systems.  10 and 15 
cm2 cones are normally used. The u2 filter position is the most frequent configuration 
(the u1 location is not commonly used).  

Data acquisition systems: for conducting electrical Cone Penetration Tests (CPT) 
and Piezocone Tests (CPTu) as well as for mechanical CPT with electrical load sens-
ing a data acquisition system is used.  

The most advanced systems combine all features required for testing: powers the 
cone and measuring devices, logs the various measuring channels, digitizes and then 
synchronizes all signals with the independent depth reading. All data strings are then 
transferred in real-time to the commercial data acquisition software. 

The first commercial CPTu rig began operation in 1990. Previously, three mechan-
ical devices had been in use by Universities and Government institutions. The total 
number of CPT systems in use in Spain, is about a total of 13 private owned systems. 
Another three pieces of equipment belong to Universities or public research organiza-
tions. 

With regards to manufacturers, most of the CPT equipment came from Geomil 
(the Netherlands) and Geotech (Sweden). Two anchored rigs and CPT systems by 
Pagani are also present. The private owned rigs are detailed in the following table, in-
cluding the number of units and type of cones. Around 5 to 10% of site investigations 
conducted make use of the CPT (estimate), while 70% of the CPT work is CPTu. At 
present, only one SCPTu system is available in Spain, having been used both on 
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shore and off shore. The use of this equipment is still marginal, with less than 5% of 
the tests including seismic measurements. 

Table 2. Summary of the CPT units in Spain 

TYPE OF RIG Nº of units Type of cones 

Typical 200 kN CPTu truck, hydraulic jackets 2 10 or 15 cm2 

Combined CPT/drilling rig mounted on heavy duty trucks 
(with independent hydraulic rams). Reaction 180kN - 
Figure 6. 

4 10 or 15 cm2 

200 kN CPTu crawled rig 1 10 or 15 cm2 

Light crawled rigs with screw anchors 3 10 or 15 cm2 

In house development penetrometers for near shore inves-
tigation from jack up barge. 

Example in Figures 7a and 7b. 

2 10 or 15 cm2 

Sea bed rig, Figure 8 1 5 cm2 

 

Figure 6: Drill & CPT rig with independent rams. Reaction 180 kN 

  

Figure 7: a) CPTu penetrometer for near shore investigations from jack up platform; b) 
Igeotest TOTEM® system for combined CPTu/drilling investigation from jack up platform 
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Figure 8: Coiled seabed CPTu unit 

The main challenge in Spain is the recurrent presence of hardpan / gravel layers 
interbedded with soft sediments, which imply the use of a combined technique of 
drilling/casing/CPT. Special (mixed) pieces of equipment have been developed for 
that particular purpose (see picture above). 

2.6 CPT Interpretation methods in Portugal 

Soil type & stratigraphy 

Some companies have identified the software that they use for the treatment of data. 
For instance the Polytechnical Institute of Guarda: 
 CPTu software TGSW03 (sold by Pagani) for data treatment, allowing the devel-

opment of profiles, as well as dissipation tests. 

 Seismic Wave analysis software SC1 DAC/1.5 “Seismic Cone Data Acquisi-
tion” (sold by Pagani), developed and registered by Baziw Consulting Engineers. 

Geotechnical parameters 

From those companies/institutions that have identified the software used for the 
treatment of data, the following methods were identified. For the geomechanical 
properties, the following references were mostly referenced: 
 Meigh, A.C. (1987). “Cone penetration testing: methods and interpretation”. 

CIRIA, Butterworths, London. 
 Lunne, T.; Robertson, P.; Powell, J. (1997). “Cone Penetration Testing in Geo-

technical Practice”. Spon Press, London  
 Mayne, P. (2007). NCHRP Synthesis 368 on Cone Penetration Testing, 2007. 
For the geophysical properties, the reference mostly cited is the general report from 
ISSMGE, Technical Committee TC10 (Butcher et al., 2005). 
The usual methods for evaluation of shear wave velocities are the Cross-correlation 
Technique and the Reverse Polarity Technique). Occasionally, the Forward Modeling 
Downhill Simplex Method (FMDSM, developed by Baziw) is used. 
 
2.7 CPT Interpretation methods in Spain 

The most common interpretation of CPT results obtained are mainly used for stra-
tigraphic profiling and geotechnical properties, particularly undrained shear resis-
tance and consolidation coefficient in fine-grained soils Other properties that are 
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sought after less frequently include overconsolidation ratio and deformation modulus. 
Pile resistance in soft soils is also frequently evaluated with the CPT. Undrained 
strength in fine-grained soils is usually obtained by means of cone factors obtained by 
local correlations with other tests (e.g. vane, laboratory). Consolidation coefficients 
are obtained following Teh & Houlsby (1991) or Baligh & Levadoux, 1986). Over-
consolidation ratio is estimated following Robertson & Campanella (1988) or Lunne 
et al (1997). Deformation modulus estimates are based in local correlations with other 
tests (e.g. DMT) or, for granular soils, follow Schmertmann (1978).  CPT-based pile 
design broadly follows the French method (Bustamante & Gianeselli, 1982). Engi-
neers/users carry out CPT interpretation using both self-made spreadsheet software or 
using commercial CPT interpretation software 

 
2.8 CPT Applications 

CPT results are mainly used for geotechnical applications, soil stratigraphy, founda-
tion design, pile design, seismic, slope stability, ground improvement, etc.  

The main applications for CPT in Iberia (e.g. soil profile, pile design, seismic 
analysis etc.) are: 

1. Soil type and stratigraphy 
2. Geotechnical parameters 

a. undrained shear strength 
b. consolidation parameters 
c. G0 estimation (SCPTU) 

3. Soil improvement control tool 
4. Pile design 

There were no references to geoenvironmental applications. 

2.9 Other – research and development 

In Spain, currently there is one team at the Department of Geotechnical Engineering 
at the Technical University of Catalonia (UPC) in Barcelona doing research on the 
use of discrete element models of cone penetration. They have sent one paper to this 
conference (Butlanska et al., 2009).  

Another team at the Department of Geology at the University of Barcelona is us-
ing CPTu systematically, both on-shore and off-shore, to trace the recent geological 
history of Mediterranean basins. On the equipment side, private companies are devel-
oping special rigs, especially for near shore investigations (Figures 6, 7 and 8). A 
Cone Pressuremeter (CPM Ménard type) was also developed in recent years by 
Igeotest. 

In Portugal, several academic works (thesis in master and doctor level) have been 
including CPT tests for correlational studies between different techniques - SPT, 
CPT, DMT, PMT, as well as for specific programs with international impact. One 
had a very strong impact: the International Prediction Event on the Behaviour of 
CFA, Driven and Bored Piles in Residual Soil, launched for the occasion of the 2nd 
International Conference on Site Characterization (www.fe.up.pt/isc-2), held in Sept. 
2004 at the Faculty of Engineering of the University of Porto (FEUP), Portugal. This 
involved an experimental site, located, within the campus of the Faculty of Engineer-
ing of the University of Porto (FEUP). The site is geologically formed by an upper 

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



layer of heterogeneous residual (saprolitic) granite soil of varying thickness, overlay-
ing weathered granite contacting with high grade metamorphic rocks. According to 
the identification tests results the main composition of this saprolitic soil is fine to 
medium grained and low plasticity material, classified as silty sand. 

The data compiled during the extensive in-situ and laboratorial investigation and 
characterization of CEFEUP/ISC'2 experimental site, comprising several surface and 
borehole geotechnical and geophysical techniques, namely SPT, CPT, DMT, PMT, 
surface and borehole seismic, and laboratory tests, which constituted a valuable op-
portunity to compare different methodologies and assess their relative advantages and 
limitations. An overview of the location of some of these tests and the piles is repre-
sented in the layout map of Figure 9, together with a profile of some CPT. Three dif-
ferent kinds of piles were installed in December 2003, a total of 33 persons from 17 
countries submitted predictions. Static loading tests were then performed. A complete 
analysis of the predictions and the static loading tests has been published by Viana da 
Fonseca and Santos (2008). The static pile load tests (SPLT) were performed follow-
ing the recommendations of ERTC3-ISSMGE (De Cock et al., 2003) and ASTM Dl 
143-81.  Load stages were maintained until the displacement rate became less than 
0.3mm/hour (minimum 0.5h and maximum 2h). 

 

Figure 9. Layout of the site characterization and location of the piles; CPT profile. 
 
Predictions based on analytical methods gave a large dispersion, since there is a 

great risk in using them with no judgment on the input data. Since in situ test data is 
usually available from site investigation, it is preferable to use their results for predic-
tion of ultimate resistance of piles.    Semi-empirical methods that were adopted by 
the “predictors” in the “Event”, performed fairly well. The SPT based predictions 
were in good agreement with SPLT results in piles E9 and C1, while over predicting 
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the ultimate load in pile T1. CPT based predictions converge fairly well with SPLT 
results in piles E9 and T1, while for the driven pile C1, the predicted ultimate load 
values are very small when compared with SPLT results. Figure 10 presents the pre-
dictions based on CPT results for the bored pile (drilled shaft), E9. As it can be seen, 
these analyses are far in the greatest number of all the predictions, due to the popular-
ity of such methods.  

Twelve of the predictions from the global of 35 are in the range 0.8 to 1.2 times 
the “reference ultimate” load obtained in the Static Pile Load Test (SPLT), for a set-
tlement of 10% of the pile diameter and 23 are out of this range (8 in the lower 
boundary and 15 in the upper side). The predictions of ultimate resistance of CFA 
pile T1 using methods based on CPT data are presented in Figure 11.  Eight of the 
predictions are in the range 0.8 to 1.2 times the load obtained in the Static Pile Load 
Test (SPLT) when the settlement reaches 10% of the pile diameter. Ten are out of this 
range (5 in the lower side and 5 in the upper side). 

 

Figure 10. Predictions from CPT to ultimate resistance of bored pile (shaft with recovered 
casing) 

 

Figure 11. Predictions from CPT results to derive ultimate resistance of CFA pile 
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Figure 12. Predictions from CPT to ultimate resistance of pre-cast driven pile 

The predictions for ultimate resistance of pile C1 using methods based on CPT 
data are expressed in Figure 12, showing that only 11 predictions turn to be within in 
the range taken as base of reference. The other 43 predictions are out of that range, 
being 2 above, while 41 are below lower limit (80% QSPLT, s/b = 10%). Most (the ma-
jority of these predictions are far less) result in predicted values well below this limit 
of 80% of the reference ultimate resistance obtained in the SPLT, when s/b=10%. 

A thorough analysis and tentatively general interpretation has been made in differ-
ent publications (e.g. Viana da Fonseca and Santos, 2008, and Viana da Fonseca and 
Santos, 2009), but an overall resume can be expressed as follows: “semi-empirical 
methods that were adopted by the “predictors” in the “Event”, performed fairly well, 
SPT based predictions were in good agreement with SPLT results in piles E9 and C1, 
while over predicting the ultimate load in pile T1. CPT based predictions converge 
fairly well with SPLT results in piles E9 and T1, while for the driven pile C1, the 
predicted ultimate load values are very small when compared with SPLT results. 
PMT based predictions do not agree very well with the QSPLT(s/b=10%) but are better 
than the previous ones, especially for pile E9 and pile C1.  For pile T1, the predic-
tions are quite good. It may be stated, preliminary and tentatively, that methods based 
on SPT data used for prediction of ultimate resistance in non displacement piles, or 
those based on CPT data in displacement piles did not performed well.”  

 
3 SLOVENIA 

3.1 Introduction and geologic aspects 

In Slovenia the CPT has been used as a soil investigation tool for about 25 years, 
more extensively during the last 20 years when it is considered indispensible for 
foundation design of buildings, embankments and road structures. For in-situ investi-
gation the CPT is becoming more popular, some comparisons with other investigation 
methods (vane shear tests VST, standard penetration tests SPT, dilatometer tests 
DMT and related laboratory tests) have been made.  

The Republic of Slovenia (2 million inhabitants, 20.926 km2) is situated in Central 
Europe. Its geographical position is presented in Fig. 13a. Its topography is various, 
since it is spread out from Southern and Eastern Alps to the Pannonian basin and Di-
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narides, with rather high mountains (up to 2864 m), deep valleys and riverbeds, vi-
neyard hills, tectonic depressions, Karst country-side and hinterland of Adriatic coast. 
The climate is mild continental with considerable Mediterranean influence. Geo-
graphic/geotectonic units and main regions of CPT investigations in Slovenia are pre-
sented in Fig. 13. 

  
 

Fig.13: a) The region of Slovenia; b) Geographic units in Slovenia and the main regions of 
CPT investigations 

 
3.2 Geology of the region 

Fig. 14 presents the main geological formations in Slovenia. The oldest geological 
formation (the metamorphic complex of Eastern Alps) belongs to the Lower Paleo-
zoic. The main part of Slovenia is built by Mesozoic rock mass which is situated 
mainly in the central part of the state. Some tertiary rocks appear in the south-western 
and north-eastern part of the country while the CPT investigation is performed in ba-
sins, filled up by Pliocene and Quaternary sediments. The most significant and vast 
areas of this kind are the Ljubljana Marshlands, the hinterland of the Adriatic coast 
and the Pannonian basin in the NE part of Slovenia. Due to the very complex geology 
of the region geotechnical conditions are often very demanding. 

 
Fig.14: A simplified geological map of Slovenia (Geological Survey of Slovenia, GeoZS) 
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3.3 Geotechnical challenges 

In Slovenia traditional site investigation had been used, such as boreholes, standard 
penetration test, dynamic penetration test and vane shear test. 25 years ago the CPT 
was introduced and more recently the pressuremeter test and the dilatometer test. The 
major geotechnical challenges are: 
 stability problems which means different smaller or larger landslides all over the 

country due to heavy rainfall as well as some very large landslides with difficult 
remediation measures 

 construction of infrastructure development, i.e. motorways with demanding retain-
ing structures, bridge and viaduct foundations, tunneling in soft rock formations 
which are densely foliated and folded, Port of Koper and other maritime infra-
structure, often connected with low bearing capacity and railways 

 construction and operation of power plants (hydroelectric, thermal and nuclear) 
which comprises hydrotechnical tunnels, accumulation, different methods of min-
ing, mill tailings, waste rock piles  

 embankments on soft soils and embankments along steep slopes, embankments in-
cluding problematic fill materials 

 deep foundations 
 environmental protection related to coal combustion products and their effective 

use, proper dumping of industrial wastes, construction of municipal waste landfills 
and especially construction of covers and ground water protection. 
An extensive overview of Slovenian geotechnical challenges and achievements 

was presented at the XIII Danube-European Conference on Geotechnical Engineering 
(Majes, 2006). Regarding the use of the CPT investigation the major geotechnical is-
sues are: (i) Stability problems, (ii) Bearing capacity of weak soils; (iii) Settlements; 
(iv) Deep foundations; (v) Environmental protection. 
 
3.4 CPT Equipment & Procedures 

Standards & Procedures 

CPT is performed according to SIST EN 1997-2:2007. Test procedure and presenta-
tion of the results are generally defined by the following adopted European pre–
standards: (i) SIST prEN ISO 22476-1:2005, Geotechnical investigation and testing - 
Field testing - Part 1: Electrical cone and piezocone penetration tests (ISO/DIS 
22476-1:2005); (ii) SIST prEN ISO 22476-12:2006, Geotechnical investigation and 
testing - Field testing - Part 12: Mechanical cone penetration test (CPT) (ISO/DIS 
22476-12:2006). There are no special procedures regarding details of the execution of 
the CPT except for the instructions from the manufacturers of the equipment.  

 
Equipment 

Mostly used equipment comprises pushing device which enables pushing the probe at 
constant penetration velocity 20 mm/s, electronic cone of 10 cm2, 600 with built in 
amplifier, inclination sensor and pore pressure filter in position u2. The signal is 
usually cable transmitted to the data acquisition system.  
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There are 5 CPT systems working in Slovenia. A Summary of the CPT equipment 
in Slovenia is shown in the Table 3. 

During the last years, the use of CPT in site investigation activities compared to 
other tests has increased to about 20%, CPT/CPTu for 80% of other tests, while the 
percentage of simple CPT compared to CPTu is about 20% CPT for 80% of CPTu. 

There are common limitations such as accessibility to the site, limitation in hard 
ground and interpretation of geotechnical parameters in soft soils. Slovenia is a small 
country with very complex geological situation. Yet the market is rather small and the 
geotechnical companies choose rather wide purpose equipment. To meet economical 
requirements often site investigation do not reach the desired and feasible perfection 
by using cones with different sensitivity at certain location. When very soft cohesive 
layers are combined with much stiffer cohesive or coarse granular layers, the choice 
of suitable cone becomes problematic and leads to certain inaccuracy of soil profile 
and its properties. In a case of hard ground a combined procedure CPTWD (Cone Pe-
netration Test While Drilling), realized by Italian company SPG s.r.l., has proved to 
be efficient. 

Table 3. Summary of the CPT equipment in Slovenia 

COMPANY PUSHING EQUIP-
MENT 

CONE DATA ACQISITION 
SYSTEM 

IRGO 
Pagani TG 63-100 kN

(crawler mounted) 
Pagani piezocone 

Pagani TGAS06 + 
computer 

GRADIS 
ISMES - 200 kN 
(truck mounted) 

ISMES piezocone ISMES + computer 

GEOINŽENIRING 
GMF-Gouda -100 kN

(trailer mounted) 
Geo-point piezocone 

GMF-Gouda + 
external A/D 

converter + computer

GEOKOP 
Commachio GEO205

25kN (drilling rig) 
Envi piezocone 

(cordless memocone)
Envi C Moon 

INI 
Pagani TG 63-100 

100 kN (off-road ve-
hicle mounted) 

Pagani friction 
jacket cone  

(Begemann type) 
/ 

 
3.5 CPT Interpretation  

Since the beginning of CPT practice, self-made software has been developed and 
used for the presentation and interpretation of CPT results. Recently, commercial 
software have been adopted more commonly, such as CPeT-IT ver.1.6 (GeoLogismi-
ki-Greece & Gregg Drilling Inc. - USA) or, in some cases, CPT-Pro (GEOSOFT Sp. 
z o.o. - Poland) or even some standard tool for elaboration of numerical data, like Ex-
cel. Main interpretation methods for soil type and stratigraphy and for geotechnical 
parameters used in Slovenia are presented in the Table 4. 

 
3.6 CPT Applications  

Main applications of CPT results are:  
 Soil stratigraphy, which generally leads to the reduction in number of classical bo-

reholes in every day site investigation; it enables a reliable presentation of soil he-
terogeneity and drainage conditions.   
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 Bearing capacity of the weak soils, including the studies of their improvement. 
 Settlement prediction usually in combination with laboratory tests or DMT results; 

in cases of less sensitive and less important deformation issues only CPT approach 
is acceptable. Regarding the consolidation process CPTu and dissipation tests give 
valuable information as well.  

 Different stability problems of naturally slopes or stability problems due to several 
civil engineering constructions. 

 Deep foundations, design of friction piles, determination of foundation depth. 
 Environmental protection regarding the investigation of soil stratigraphy and base 

permeability for waste disposals and actually a study of nuclear waste disposal lo-
cation. 

Table 4. Main interpretation methods/correlations 

SOIL PARAMETER RELATIONSHIP REFERENCE 

Soil Behavior Type (non-
normalized) 

 Robertson et al (1986) 

Soil Behavior Type (nor-
malized) 

 Robertson (1990) 

 
Undrained shear strength Su 

Cohesive soil: 

Su=(qt-vo)/Nc=qnet/Nc 

Nc=16,3  (normally consolidated)  

 
Meigh (1987)  

Friction angle ' 

Cohesionless soil: 

'=28+2.5· (qt)
0.5  qt in MPa 

 '=17.6 + 11 log (Qt) 

Mayerhoff (1976) 
Kulhavy & Mayne 

(1990) 

Constrained modulus M 

M=M  (qt -vo) 

M varies with Qt 
Cohesive soil:    M=qt;  /1-8/ 

Clean sands :  M=2.5(qt+3.2)   
qt  in MPa 

Clayey sands:  M=17(qt+1.6)     
MPa/ 

Robertson (2009) 
Sanglerat (1972) 
Mitchell (1975)  
Gielly (1969) 

Webb et al. (1982) 

Sensitivity St Cohesive soil:   St=Su/fs  

 
Relative density Dr 

Cohesionless soil: 

Dr=0.98+66log(qt/('vo)
0.5)) 

qt and 'vo in t/m2 

Dr2 = Qtn / CDr   

CDr =350 for most sands  

Jamiolkowsky et al. 
(1985) 

Kulhavy & Mayne 
(1990) 

Overconsolidated ratio 
OCR 

OCR = k (qt -vo)/vo
’ 

(average value k=0,33; 0,2<k<0.5)  
Mayne (1991) 

Permeability ch, kh, based on t50 
Parez & Fauriel, 1988; 

Robertson, 1992 

Note: qt is the corrected value of qc due to the effect of pore pressure; Qt is the normalized cone resis-
tance 
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3.7 Final considerations on Slovenia state-of-the-art on CPT practice 
 

It is confirmed the wide acceptance of CPT/CPTu test results in Slovenia. CPT tech-
nology takes an important role in the domain of soil investigation (about 20% of total 
soil investigation). The results are usually examined and compared to the experiences 
traditionally gained in similar conditions. Until now it has proved to be an economi-
cal and rapid method, where repeatability and presentation of complete variations of 
ground properties in every profile is especially important and welcome. 
 

Research work: 

In Slovenia some research work has been carried out, mainly in the sense of the re-
liability of the obtained ground properties, treating the following issues: 
 Pile bearing capacity for driven piles which in connection with dynamic tests gave 

promising results, described in Strniša and Ajdič (1991) 
 Correlations with in situ vane shear tests (Ajdič, 1993), comparison and correla-

tion with undrained shear strength, presented in National report CPT’95 (Ajdič 
and Gaberc, 1995)  

 An experimental study of compression moduli obtained by CPT in soft soils, given 
by Gaberc et al, 1995-a  

 Vertical and horizontal permeability of marshland subsoils, presented by Gaberc et 
al, 1995b (this research was also reported in previous National report (Ajdič and 
Gaberc, 1995). 

 Evaluation of drainage and consolidation properties of soil from dissipation tests, 
presented by Ajdič, I. (1996). 
More recently comparisons with DMT results are discussed. In research work Lo-

gar et al, (2006) some experiences in obtaining oedometer moduli and the undrained 
shear strength are presented. In Fig. 16a an example, showing comparison of oedo-
meter moduli obtained by laboratory tests, CPT and DMT are given, while Fig. 16b 
presents a comparison of the undrained shear strength cu for the same location. 

 
(Mv stands for M, 1-D modulus) 

Fig. 16. Comparison of: a) oedometer moduli obtained by CPT, DMT and by oe-
dometer tests; b) undrained shear strength obtained by CPT and DMT 
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A good agreement of measured values of the undrained shear strength, obtained by 
VST, DMT and CPT is also reported by Logar et al, 2007. Fig. 17 presents pile shaft 
capacity in marine clays, obtained from different in situ investigation methods, com-
pared to the measured shaft capacity of test pile.   

 
Fig. 17: Measured and calculated pile shaft capacity of test pile in marine clays 

 
Future trends in CPT equipment, interpretation and application in the region: 

 
Further development will certainly provide even more reliable assessment of ground 
properties. For that reason there is a will to improve: 
 equipment, among which environmental problems demand the enviro-cone 
 interpretation methods on the base of empirical modifications, taking into account 

comparisons with other in-situ and laboratory tests as well as the observations of 
executed geotechnical works. 
In every day practice, there is a general feeling that better education of field per-

sonnel, as well as the design engineers, is required. Due to price competitive market 
competent check-up is indispensable. 

 
4 ITALY: THE PO VALLEY AND SOME RELEVANT PROJECTS 

4.1 Introduction and geologic aspects 

From the geological point of view the Po Valley is made up of deposits of Po River 
and sediments of the sea, the thickness of “soft” and fine-graded soils is increasing 
from West to East, getting around 1800 m depth in Adria, the city which named the 
Adriatic sea in the past. 

In theory CPT could be possible down to that depth. However, the deepest CPT 
test reported in North East Po Valley is 120 m deep, while in Adria zone there are 
some exceptions, like the Euganei Hills (vulcanic hills appearing south of Padova) 
and some “hidden” volcanic hills (always connected to Euganei’ hills bedrock) near 
Ferrara (the top of the hill is at 220 m). 

Going west gravels occur, in lenses or thick layers (like in Milan), heading South 
towards the foot of the Appennines mountains. Going North towards the Alps, domi-
nated by rock massifs (limestones, sandstone, dolomites, etc), where CPT are used by 
the sides of the Lakes, rivers, etc. Figure 18 defines well the areas of the Po Valley. 
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Fig.18: The Po River Valley in the North of Italy and the region where CPT activi-
ty occur 

 

4.2 Notes on the present situation 

The investigation practice in North-East Italy was described as follow. 
CPT testing is still predominately mechanical, being increasingly introduced elec-

trical systems for CPTu and few SCPTu (sometimes complemented by Marchetti flat 
dilatometers DMT/SDMT).  Frequently, when the project is simple, only a few CPT 
mechanical tests are executed. The usual depth of CPT ranges from 10 to 30 m. In 
some zones, unfortunately, dynamic penetration testing (PDL or DPSH standard) is 
still preferred, even when soils would allow static CPT. The ratio of CPT tests versus 
boreholes drilling is commonly 1:5 or 1:4, with the average depth of CPTs and bore-
holes of 15 to 30 m. In Italy there are many companies dealing with drilling and test-
ing but very few dealing only with geotechnical drilling and testing; most deal with 
special foundations, water exploration, geothermal drilling. 

There are a variety of producers of drilling equipment of excellent quality, but few 
produce specifically geotechnical drilling and testing equipment. There are some 
manufacturers of geotechnical instrumentation, but most deal with monitoring in-
strumentation (piezometers, crackmeters, inclinometers, etc). There are few producers 
of static/dynamic penetrometers and penetrometer equipment, with most of them 
“mechanical” cones. No one in Italy is producing “special” cones like memory-cones 
or other special or non-standard applications. Seismic CPTu is used sometimes but 
not yet broadly implemented. The demand of “quality” CPT tests is very low, and 
whenever calibration is requested there is no specific real time checking, in terms of 
graphs, tables, elaboration. Companies are still referring to manufacturers’ calibration 
certificates. 
 

4.3 CPT equipments and procedures 

Most Italian penetrometers are mounted on small tractors often on crawlers and with 
thrust ranging from 100 to 200 kN (Figure 19a). The reaction is almost always given 
by 2 or 4 self-screwing-augers. Some of trucks have been assembled with a small rig 
for combining CPTs with shallow boreholes and sampling (Figure 19b). There are 
very few penetrometers (estimated in 3 to 4) going to 250 kN and to 300 kN thrust. 
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Figure 18. Italian CPT: a) penetrometers mounted on small tractors; b) trucks as-

sembled with small rig for combining CPTs with shallow boreholes and sampling 

 
The percentage of CPT in the Italian market is generally as follows (not including 

special tests that are not significant in number): 80% mechanical cone; 15% CPTu; 
5% CPTE and SCPTu (CPTE is an electrical CPT in Italian practice). These distribu-
tion did not include DMT and SDMT - which maybe be considered relevant – and not 
including special tests: e.g. CPTWD (Sacchetto et al., 2004), BAT, etc. 

 
4.3 CPT interpretation 

CPT analysis is usually made by the consultants, although the site investigation com-
pany may be asked to do some interpretation. Self-made spreadsheets are the most 
used, since the very early use for stratigraphy interpretation according to Bege-
mann/Schmertmann theories. Other available software, like CPT-PRO (Poland) or 
CPeT-IT (Greece) for CPTU, is also used. 
 
4.4 CPT applications 

Mechanical CPT results are being used for settlement calculation, liquefaction as-
sessment, calculation of piles, evaluation of permeability, in many common projects. 
Recently similar approaches are made, but based mostly in CPTu and seismic cones 
SCPTu. CPT has not been used for environmental purposes, even when it could be 
useful, like permeability assessment with CPTu. Nevertheless in large environmental 
projects and for advanced consultants CPTu is requested, for dissipation tests, equili-
brium pore pressure detection and also special equipment (like the CPT2U, below). 
 
4.5 New developments in CPT 

In Italy the new developments in CPT specific field are: 
- seismic cone (SCPTu), developed 20 years ago, only in the last 4-5 years has be-

come regularly used by companies; in Italy there are 2 or 3 users of such equipment, 
but it is not commonly used; the more commonly used seismic module tends to be the 
Marchetti’ (seismo) dilatometer (SDMT); 
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- downhole CPT: in the past the cone was pushed inside a casing; the only “down-
hole without rods” system available in Italy is the CPTWD (cone penetration tests 
while drilling – Sacchetto et al., 2004); it is used commonly, being recently applied in 
the Po River Delta down to 120 m; 

- special cones: environmental, resistivity, fluorescence, visual cones, etc, are 
available in research and academic centers, but they are seldom used; the demand for 
such equipment is low; 

- sampling with penetrometers is available; the most used are still the “old” dutch 
systems, like Delft samplers or Begemann-like-samplers 

- most kinds of pushing equipment is available in Italy: from ballasted heavy-duty 
large rigs (2 in total) to small penetrometers mounted on light devices (see Figure 
19a) or penetrometers mounted on small jack-up rigs (such as the one pulled by ho-
vercraft illustrated in Figure 19b). 

- special devices for sampling water and making permeability tests with penetro-
meter are seldom used (e.g. BAT/GEON systems), but are still considered too com-
plex (Figure 20a); 

- special cones, such as CPT2U (with u1 + u2 at the same time) in bentonite slurry 
walls surrounding a waste disposal, together with BAT and permeability tests and 
sampling, are used for monitoring permeability (Figure 20b). 

  
Figure 19. Italian CPT equipment: a) small penetrometers mounted on light devic-

es; b) penetrometers mounted on small jack-up rigs 

   
Figure 20. Special devices: a) BAT/GEON system; b) CPT2U (with u1 + u2)
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4.6 Research and advanced studies in Italy involving CPT  

There has been a significant amount of research studies and high standard geotech-
nical analysis based on in situ test results, namely CPT, CPTu, SCPTu, etc, done in 
Italy by well recognized experts. However, two very important projects should be 
mentioned, which resulted in excellent publications: these are the two most emble-
matic projects – with world impact, due to the nature of such heritages -, both involv-
ing large teams leaded by Prof. Michele Jamiolkowski, from Technical University of 
Torino: “The Restoration of the Leaning Tower of Pisa” and “Safeguarding Venice 
Lagoon Against High Tides”.   

For the first project, the huge amount of information accumulated in the last cen-
tury on the Pisa Tower deposits and a careful comment on these data, with special 
emphasis on sample quality and test procedures – including CPT – is described in Lo 
Presti et al. (2003). The thorough and excellent work developed for the geotechnical 
characterisation of the subsoil of Pisa Tower,  Lo Presti et al. (2003)., providing the 
geologic conditions of the area under consideration and the soil profile (stratigraphy, 
K0, OCR) and ground water conditions at the location of the leaning Tower of Pisa. 
Lo Presti et al. (2003) make an assessment of sample quality, soil compressibility and 
soil deformability with special emphasis on secondary settlement and time effects. In-
formation on strength parameters and undrained shear strength is also provided. Many 
papers and reports have been published on the geotechnical characterisation of the 
soils underlying the leaning Tower of Pisa, namely, Lancellotta & Pepe (1990a, 
1990b, 1993, 1994), Berardi et al. (1991), Jamiolkowski et al. (1993), Lancellotta et 
al. (1994), Costanzo et al. (1994), Callisto & Calabresi (1998), Rampello & Callisto 
(1998), Jamiolkowski (1999, 2001). Information was collected in 1986 by the Project 
Team led by Finzi and Sanpaolesi (Lancellotta et al., 1994) and in particular CPT, 
CPTu and boreholes with mechanical piston sampling were performed. Investigations 
have been undertaken by the International Committee, chaired by Jamiolkowski, in-
volving, among the others, boreholes with piston, Laval and Begemann sampling, 
Seismic Cone Penetration Tests (SCPTu), Cross-Hole Tests (CH), Seismic Analysis 
of Surface Waves (SASW) tests, additional CPT and CPTu tests. The shear wave ve-
locity was determined during SCPTu, according to a Down-hole (DH) scheme (Fig-
ure 21). 

 
Figure 21. Cone resistance North-South section of the subsoil of Pisa Tower (Lo Presti et 

al., 2003) 
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The second project, for the protection of the city of Venice against recurrent flood-
ing, consisted on the design and construction of movable gates located at the three la-
goon inlets for controlling tidal flow. Simonini & Cola (2000), Ricceri, et al. (2002), 
Simonini (2004) and Simonini et al. (2007) described how demanding was the geo-
technical characterization of the Venice lagoon soils, composed of a predominantly 
silt fraction combined with clay and/or sand forming an erratic inter-bedding of vari-
ous sediments, whose basic mineralogical characteristics vary narrowly. An accurate 
study with the purpose of having mechanical parameters for the foundations’ design 
of the gates, involved the selection of two representative test sites in the lagoon – the 
Malamocco Test Site and the Treporti Test Site. In these sites the most widely geo-
technical investigation tools were used, including CPT, CPTu, SCPT - SCPTu – tests, 
including dissipation tests and mechanical CPT (Mayne & McGillivray, 2004, Got-
tardi & Tonni, 2004). 

  
Figure 22. Comparison of the profiles from SCPTu and SDMT tests at the Treporti test 

site (adapted from Simonini et al. 2007) 
 
Simonini (2007) emphasizes that the information obtained from the investigation 

carried out at the Malamocco Test Site and at the Treporti Test Site, whose results, 
based on in-situ measurement of the stress-strain-time soil properties, appear to 
represent a unique and valuable tool for a suitable calibration of CPTu and DMT and 
for the formulation of a reliable geotechnical model aimed at an appropriate design of 
the mobile gate foundations. 

Janmiolkowski et al. (2009) give a complete description of the remedial actions 
undertaken to safeguard the city and its inhabitants against any damage to their regu-
lar activities and to the tourism. The geotechnical issues related to the safeguard 
measures were well discussed. The authors emphasize that “the complex depositional 
environment, responsible for the pronounced spatial variability of the lagoon depo-
sits, rendered the site characterization a challenging task. In the circumstances, the 
in situ tests, especially the geophysical one, geotechnically-oriented, have played 
quite a relevant role.” SCPTu were determinant for that purpose. 

Most of the cited Italian works have focus on clayey and other fine materials. 
However, sands have been also studied using the CPT. Mayne (2006) report an inter-
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esting study in sandy soils in the Gioia Tauro site. This is a port located in the South 
of Italy near “the toe”. Undisturbed frozen sand specimens were obtained in the shal-
low depth range of 1 to 4 m to procure the natural gravelly coarse sand. Here, the re-
sults of both isotropically- and anisotropically-consolidated cyclic triaxial tests 
(CTX) were used to evaluate the liquefaction potential of these geomaterials. In-situ 
SPT and SCPTu data from the Italian port site are reported in Porcino & Ghionna 
(2004). This sand was analyzed in terms of the material index (Ic) from the CPT soil 
behavioral type (SBT), as discussed by Robertson & Wride (1988). The sand was 
identified correctly as zone 7 (“gravelly sand”). For the very low excess porewater 
pressures, Ic is a function of only Q and F. Additionally, Mayne (2006) presented an 
evaluation of relative density from CPT measurements for diverse undisturbed sands. 
The Italian sands’ results, although consistent with the mean trend ± two standard 
deviations presented in the relationships by Jamiolkowski et al. (2001), and suggest 
that they may be of low compressibility since they fall on the lower bounds of the 
lines (Figure 23a). Mayne (2006) presents also the evaluation of peak friction angle 
of sands from CPT, based on bearing capacity considerations, as proposed by Robert-
son & Campanella (1983) - Figure 23b. 

 

  
Figure 23.  a) Relative Density from CPT Measurements for undisturbed sands, as sug-

gested by Jamiolkowski, et al. (2001); b) comparison of measured triaxial friction angles with 
CPT relationship proposed by Robertson & Campanella (1983) –adapted from Mayne (2006) 

 
A new framework using an analytical approach, based on spherical cavity expan-

sion theory - with the incorporation of an operational rigidity index - and considering 
an appropriate angle of plastification in a limit state formulation, is presented by 
Mayne (2006). Values of several sandy soils from different countries, including Ital-
ian sands, were well correlated to the normalized small-strain stiffness. The research 
presented seem to indicate that measurements with seismic cone tests of both the ini-
tial shear modulus and shear strength, offer the opportunity to derive the entire stress-
strain-strength response of sands at all depths.  

5 GREECE 

The geology of Greece is also complex with mostly hard ground and near surface 
rock.  However, similar to other countries, there are regions of soft soils along the 
coast and in river valleys where the CPT has found application. 
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There are approximately 7 CPT pushing units in Greece, of which 5 are truck 
mounted and 2 are smaller anchored systems.  The most common cones are mechani-
cal cones that represent about 80 to 90% of all CPT work in Greece. There are about 
4 electric cone systems in Greece, mostly CPTu.  The seismic CPT (SCPTu) is occa-
sionally used (<5% of all CPT’s).  It is estimated that CPT’s are used on less than 
15% of all site investigation projects in Greece. 

The most common applications for CPT results are for evaluation of liquefaction 
potential and for quality control of ground improvement. 
 
 
6 SUMMARY 

There is an increasing trend towards combination of in situ test in soil investigations 
(mainly DMT/Vane/CPTu). The use of seismic SCPTu seems likely to increase. 

There is now a clear perception in Portugal, Spain, Slovenia, Greece and Italy that 
CPT/CPTu test are well positioned as technique to integrate in geotechnical projects 
developed in zones dominated by sedimentary deposits, but also in residual soils’ 
profiles, mostly when these are deep and not excessively dominated with irregular 
dissemination of boulders or other erratic weathering patterns, that may jeopardize its 
penetrability. This is still a test that will be complementing the basic site investiga-
tion, conducted with a regular mesh of boreholes, nowadays recurring to hydraulic 
rigs with rotational penetration, where SPT tests are performed in soils’ horizons and 
rock classification is due in the stiff masses. 
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