
1 INTRODUCTION 

The purpose of this paper is to summarise the state of CPT testing in Northern Eu-
rope. In this context Northern Europe is deemed to include the eight countries Aus-
tria, Belgium, France, Germany, Ireland, the Netherlands, Switzerland and UK (Fig-
ure 1). This Northern European region is of course the original “birthplace” of the 
CPT. The first Dutch cone penetrometer tests were made in 1932 by P. Barentsen an 
engineer at Rijkwaterstaat (Department of Public Works) in the Netherlands (Barent-
sen, 1936). A gas pipe of 36 mm external diameter and 19 mm internal diameter was 
used. Inside this pipe a 15 mm steel rod, to which a 60° cone was attached, could 
move freely up and down. Belgium was the second country in the world to utilize 
mechanical cone testing in 1938 in work by the Belgian Geotechnical State Institute. 
Other countries in the region followed rapidly, e.g. the first French penetrometer was 
built in 1949. Also the first electrical penetrometers are likely to have been con-
structed in Germany in the early 1940’s. 

Perhaps the first “general report” on CPT testing in this area was by Begemann 
(1974). An updated general report was presented at ESOPT-II by De Ruiter (1982). 
Individual National Reports were presented at both ESOPT-1 in Stockholm and 
CPT’95 in Lingköping as summarised on Table 1.  
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ABSTRACT: Use of the CPT has matured in Northern Europe, the original “birth-
place” of the technique, some 80 years ago. The technique is now clearly well ad-
vanced in terms of equipment, software and interpretation procedures. However sur-
veys done for this report produced some surprising results, for example, because of 
the maturity of the market there is little use in some areas of the CPTU and that geo-
environmental applications and SCPT work is of limited extent. Many engineers feel 
that it is most important to encourage appropriate, robust, reliable and accurate use of 
standard CPT techniques. There is also only modest CPT based research in the re-
gion. Education, good reference material and good published case histories are essen-
tial for future development of CPT in Northern Europe. 
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Figure 1. Northern Europe (www.EnchantedLearning.com). Countries under consideration are noted. 

 
A brief summary of the geography, climate, population and land area of each 

country is given on Table 2. It can be seen that the geography of the area is very di-
verse varying between the low lands of the Netherlands to the high mountains of the 
Alps. However throughout the area the weather is generally mild and temperate with 
relatively hot summers and cool winters. 

The land area and population is dominated by the larger countries, i.e. France, 
Germany and UK. Although the land area is small, Belgium and the Netherlands have 
a relatively high density of population. 
 
2  GEOLOGY OF REGION 

It is beyond the scope of this paper to describe in detail the geology of this diverse 
region. However an attempt is made on Table 3 to summarise briefly the conditions 
in each country and to identify those areas which are particularly suitable for CPT 
work and those which are not. Table 3 is based on much more detailed accounts given 
in the various papers listed on Table 1. 

 
Table 1. Summary of previous National Reports on CPT 
Country ESOPT-1 - Stockholm CPT’95 - Lingköping 
Austria  Schwab and Reitner (1995)
Belgium Lousberg and Calembert (1974) Nuyens et al. (1995) 
France Sanglerat (1974) Frank and Magnan (1995) 
Germany Habertha (1974) Faust (1995) 
Ireland  Long (1995) 
Netherlands Heijnen (1974) Peuchen et al. (1995) 
Switzerland Crettaz and Zeindler (1974) Heil (1995)
UK Rodin et al. (1974) Powell et al. (1995) 
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Table 2. Summary of topography, weather, land area and population  
Country Topography1 Weather1 Land area (km2) Population2

Austria In the west and south 
mostly mountains 
(Alps); along the 
eastern and northern 
margins mostly flat 
or gently sloping 

Generally moderate and 
mild but varies from the Al-
pine region to the eastern 
plain. Summer can be hot 
and long. Average winter 
temperatures are around 0°.

82,444 8,205,533

Belgium Flat coastal plains in 
northwest, central 
rolling hills, rugged 
mountains of Ar-
dennes Forest in 
southeast 

Temperate; mild winters, 
cool summers; rainy, humid, 
cloudy 

30,278 10,403,951

France Mostly flat plains or 
gently rolling hills in 
north and west; re-
mainder is mountain-
ous, especially Pyre-
nees in south, Alps in 
east 

Generally cool winters and 
mild summers, but mild win-
ters and hot summers along 
the Mediterranean; occa-
sional strong, cold, dry, 
north-to-northwesterly wind 
known as mistral

545,630 62,664,000

Germany Lowlands in north, 
uplands in center, 
Bavarian Alps in 
south 

Temperate and marine in the 
west (cool, cloudy, wet win-
ters and summers). Occa-
sional warm mountain 
(foehn) wind in the Alpine 
areas. More continental type 
climate in the east (cold win-
ters, hot summers).

349,223 82,369,552

Ireland Mostly level to roll-
ing interior plain sur-
rounded by rugged 
hills and low moun-
tains; sea cliffs on 
west coast 

Temperate maritime; mod-
ified by North Atlantic cur-
rent; mild winters, cool 
summers; consistently hu-
mid; overcast about half the 
time

68,890 4,156,119

Netherlands Mostly coastal low-
land and reclaimed 
land (polders); some 
hills in southeast 

Temperate; marine; cool 
summers and mild winters 

33,883 16,645,313

Switzerland Mostly mountains 
(Alps in south, Jura 
in northwest) with a 
central plateau of 
rolling hills, plains, 
and large lakes 

Temperate, but varies with 
altitude; cold, cloudy, 
rainy/snowy winters; cool to 
warm, cloudy, humid sum-
mers with occasional show-
ers

41,285 7,581,520

UK Very varied, ranging 
from the Grampian 
Mountains of Scot-
land to the lowland 
fens of England 
which are at or below 
sea level in places. 

Varies greatly according to 
season and location, but on 
the whole can be described 
as mild with few extremes 

241,590 60,943,912

Notes: 
1. From www.look4aproperty.com/overseas-guides.asp 
2. July 2008 estimate from https://www.cia.gov/library/publications/the-world-factbook 
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Table 3. Summary of prevailing geology and topography and implications for CPT 
Country Summary of geological conditions Implications for CPT 
Austria Dominated by the mountainous character of the 

Eastern Alps located towards the south of the 
country. Maximum elevations in the west of up to 
3000 m. The northern and north-western parts of 
the country are occupied by part of the Bohemian 
Massif, a well wooded, moderate mountainous 
landscape with elevations up to 1400 m. In be-
tween are the wide lowlands of the Molasse Ba-
sin.  

Eastern Alps and Bohemian 
Massif – CPT not relevant ex-
cept for valleys. Tertiary basins 
and Quaternary deposits may be 
suitable for CPT. Generally 
these soils are non homogenous 
comprising mixture of gravels, 
sand, clay, silt and peat. Overall 
assessment less than 25% of the 
total area of Austria is suitable 
for CPT

Belgium The country is rather flat with a continuous transi-
tion from a plain at the North Sea and the Dutch 
border to a high point of 640 m in the highlands 
of the Ardennes. A south-east to north-west axis, 
which follows the valleys of the rivers Haine, 
Sambre, Meuse and Vesdre, divides Belgium into 
roughly two equal parts. In the north part, the be-
drock is covered by Tertiary clay, sand and gravel 
sediments, with thicknesses up to hundreds of me-
ters. The Quaternary Pleistocene formations have 
been influenced by the glacial periods, giving rise 
to the formation of marine, coastal, river, lake or 
wind deposits of sand, clay, peat and silt. In the 
south of the axis, the bedrock is often found at ra-
ther shallow depths, overlain by colluvium layers 
consisting of weathered rock and river sediments.

In the north (like the Nether-
lands) serious foundation prob-
lems, requiring piling or ground 
improvement frequently occur. 
Here the soil conditions general-
ly allow for the execution of 
CPT. Outcrops of Cretaceous 
chalks occur and it is necessary 
to bore or drive to penetrate 
these layers. In the south the 
relatively thin superficial depo-
sits often contain gravel making 
penetration difficult. In the river 
valleys the deposits are very 
suitable for CPT though gravel 
layers may occur at depth. 

France The geology of this large country is extremely 
varied and complex. However a study of the geo-
logic map of France at 1/1,000,000 scale by San-
glerat (1974) shows that the approximate distribu-
tion of surface exposures are as follows: 
Precambrian = 20% 
Paleozoic = 10% 
Triassic =5% 
Jurassic =20% 
Cretaceous = 20% 
Tertiary = 15% 
Quaternary =10% 
 

Age of geological sediments 
may not be an accurate guide to 
assess suitability of CPT. For 
example in many cases the 
rocks are covered by residual 
soils due to weathering and can 
be some 10’s of metres in thick-
ness. Sanglerat (1974) summa-
rised a survey of 60 engineers 
scattered geographically over 
France and Corsica and con-
cluded that an average of 71% 
of the area was suitable for pe-
netrometer testing. 

Germany In the north the Holocene subsoil consists of ma-
rine and fluvial sediments with organic material, 
often of low density and consistency.  The thick-
ness of these sediments is general about 4 m, but 
can be up to 15 m. Of importance is the boundary 
surface of the Pleistocene layers which can have 
been preloaded by ice and have higher compact-
ness, consistency and undrained shear strength 
between 5 and 25 kPa. In the southern region 
some fluvial and liminal sediments are problem 
sub-soils with long term settlement behaviour can 
be found. The middle regions consist of Paleozoic 
and Mesozoic rocks which often are weathered to 
a depth of about 10 m or more. Locally they are 
they are covered by aeolian sand or loess. 

Subsoil conditions in northern 
Germany’s lowlands are partic-
ularly suitable for CPT. Overall 
soils and weathered rock suita-
ble for CPT testing cover ap-
proximately 30% of the area of 
Germany. 
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Ireland Broadly speaking the coastline of Ireland is 
formed of strong older igneous and metaphorphic 
rocks such as sandstones, granites and quartzite. 
The central basin of Ireland is formed of Carboni-
ferous limestone. However the engineering geol-
ogy of Ireland is dominated by the mantle of 
10,000 to 15,000 year old glacial tills and glacial 
sands and gravels which cover much of the coun-
try. These deposits generally have a high gravel, 
cobble and boulder content and are usually me-
dium dense to dense or stiff to very stiff in consis-
tency. Later alluvial activity has covered the gla-
cial deposits with soft clays, silts and peats in 
some low lying areas and along river flood plains

CPT difficult in glacial tills due 
to cobbles and boulders. How-
ever extensive peat deposits in 
the Midlands of Ireland together 
with alluvial and estuarine de-
posits for example in the major 
cities of Dublin, Cork, Galway 
and limerick) are particularly 
suitable for CPT testing 

Netherlands In general the Netherlands can be divided in two
regions. In the western and northern region a sand 
stratum of Pliocene origin is covered by alluvial 
deposits consisting of soft clay and peat layers. 
The thickness of this deposit varies from a few 
metres to 15 m and more. In the eastern and 
southern region the sand stratum reaches to the 
soil surface.  

It is obvious that these geologi-
cal conditions are very suitable 
for the application of CPT. With 
normal sounding equipment suf-
ficient penetration can be ob-
tained in order to get adequate 
information for the design of 
deep foundations. 

Switzerland Switzerland can be subdivided geologically into 
three main parts: the Jura, the Central Basin lying 
somewhat lower and the Alps with a northerly hill 
range. Of interest here are the surface formations 
of the Quaternary comprising sands, silts, clays 
often with boulders, weathered clays, argillaceous 
silts, peat beds, lacustrine clay formations and 
slope wash, gravels and sands and these can be 
found all over Switzerland. 

These deposits can be very vari-
able and may or may not be 
suitable for CPT. Encountering 
hard layers is thus often a prob-
lem and these may require pre-
drilling 

UK The UK can be divided approximately into two 
areas. To the north and west the dominant charac-
ter is upland dissected by plains and valleys of 
limited extent. This area is underlain by rocks 
which are mainly older than the Carboniferous 
Coal Measures. The land to the south and east is 
undulating lowland underlain by rocks younger 
than the Carboniferous Coal Measures. Most of 
the UK has been affected by glaciations which 
has resulted in extensive drift deposits of till 
(boulder clay), laminated clay; sand other glacia1 
materials as far south as London. Peat and other 
organic soils are found throughout

Again these deposits, particular-
ly in the north, can be very vari-
able and may or may not be 
suitable for CPT. Encountering 
hard layers is thus often a prob-
lem. The soils of the south-east 
for example the London, Oxford 
and Weald clays are suitable for 
CPT but as the materials be-
come stiff to hard with depth 
penetration may be more diffi-
cult. Flints van cause problems 
in chalk. 

3 GEOTECHNICAL CHALLENGES 

It is difficult to summarise all the geotechnical challenges in such a diverse region 
but an attempt has been made to collate the four major issues of soft ground, deep 
foundation design, deep excavations and slope stability and show how they relate to 
each country on Table 4. 
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Table 4. Summary of geotechnical challenges in Northern Europe 
Country 1. Soft ground 2. Deep founda-

tion design
3. Deep excava-
tions

4. Slope stability

Austria Pile design in soft 
soil and lacustrine 
clay

Pit support in soft 
soil and lacustrine 
clay

In various soil 
types 

Belgium Soft clay and peat 
with impact on 
settlements due to 
groundwater lo-
wering 

Hard cemented 
layers which can 
be continuous and 
form an obstacle 
for pile founda-
tions, diaphragm 
walls etc.

Swelling and 
swelling pressure 
due to excavation 
in overconsoli-
dated clay 

Especially in very 
plastic Tertiary 
clay layers. 

France Especially for 
highway and high 
speed train 
projects 

Particularly for 
wind turbines 
(National project 
SOLCYP). 

Especially with 
respect to climate 
change, e.g. sta-
bility of dikes to 
liquefaction. Im-
proved design of 
rigid  inclusions 
(National project 
ASIRI) 

Germany Particularly in 
coastal regions 
and for the design 
of offshore wind 
turbine founda-
tions 

Geothermal ap-
plications. 

For example re-
sulting from mine 
waste 

Ireland Pressure to devel-
op “marginal” 
lands such as peat 
bogs in the mid-
lands and estua-
rine areas near the 
major cities. 

Especially in a 
congested urban 
environment, for 
example in Dub-
lin and Cork 

Particularly in 
peat for example 
in wind farm de-
velopment on 
upland areas 

Netherlands Western part of
country, called 
Holland, has ex-
tensive areas with 
up to 20 m of Ho-
locene clay and 
peat susceptible to 
settlement 

Design of deep 
piled foundation 
in Holocene soils 

 

Switzerland Increasing popu-
lation density in 
valley areas 
means poorer 
ground must be 
used for construc-
tion of buildings 
and infrastructure

Design of deep 
foundations in 
soft soils and la-
custrine clays or 
organic deposits 
using CPTU. 

Support systems 
and design for 
bottom heave. 

 

UK Recent interest in 
design of geo-
thermal piles 

Effect of climate 
change on stabili-
ty of older rail-
way cuts 
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A significant geotechnical challenge in the entire region arises from the effects of 
climate change on infrastructure, environment and national heritage, e.g. higher in-
tensity rainfall (landslides), flooding and drying. 

Other issues arise which are more specific to particular countries, for example: 
• In Belgium “weel” zones can occur. These are areas up to 20 m thick of deep-

ly disturbed non - homogeneous soil conditions due to major ancient dike 
failures. 

• In the UK the implementation of the European Standards (see Section 4.1) and 
in particular the prohibition of the percussively driven U100 sample for quali-
ty laboratory testing is of concern. Presently many engineers are unaware that 
sampling can be combined with CPT testing (e.g. MOSTAP or Begemann 
sampling) 

4 CPT EQUIPMENT AND PROCEDURES 
4.1 Standards 

All of the countries in this region, except Switzerland, are members of the Euro-
pean Union. Switzerland has signed bilateral agreements with the EU and has signed 
the CEN agreement. Thus all countries by law are required to adopt CEN standards. 
The CEN standard for mechanical cone testing ENISO 22476-12 (2009) has been ac-
cepted in Europe. That for electrical cone penetration tests with electrical recording 
and pore pressure measurement (ENISO 22476-1, 2007) is due to be voted in Europe 
soon. This document is an updated version of the IRTP (International Reference Test 
Procedure) published by the International Society for Soil Mechanics and Geotech-
nical Engineering in 1999 (ISSMGE, 1999). 

Although these will be superseded by the European standards, national standards 
(and related standards) are still used in some countries in the region for example: 

 
• Austria: DIN 4094-1 
• France: NF P94-113 CPT and NF P94-119 CPTu 
• Germany: DIN 4094-1 
• Netherlands: NEN 5140 
• UK: BS1377, BS5930 

 
In addition to these specific standards the Eurocodes (EN 1997-1 and EN 1997-2) 

make reference to CPT testing and give some specific information and guidance, for 
example on the derivation of effective friction angle (φ') or the constrained modulus 
(M) from CPT results and on direct application of CPT data for shallow and deep 
foundation design, see Section 5. 

4.2 Equipment 
4.2.1 Pushing equipment 

Where possible purpose built heavy duty trucks, that are ballasted to a total dead 
weight of around 20 tonnes (200 kN) are used. Systems of up to 25 tonnes (250 kN) 
are available. These can be mounted on wheels or tracks or a combination of both. 
However lightweight units between 1 ton and 5 tonnes (10 kN to 50 kN) are also in 
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common use for soft soils. In these circumstances helical anchors or a counter weight 
are often provided to anchor the equipment. 

Recently specialist equipment has been developed: for example for investigation 
of railways (Figure 2a), for testing on slopes (Figures 2b&c), for inclined CPT testing 
(e.g. testing at between 25° and 45° for a research project on ground anchors in Bel-
gium) and for testing in difficult access conditions / environments (Figures 2d to f). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. (a) Specialist equipment for the investigation of railways in the UK, (b) penetrometer at-
tached to an excavator boom for testing on slopes (these two photographs courtesy Andy Barwise, 
Lankelma), (c) inclined testing below tank foundation (d) and (e) unusual / difficult access conditions 
(these three photographs courtesy Joek Peuchen, Fugro) (f) piezoball testing in intertidal zone (This 
photograph courtesy Darren Ward, In Situ Site Investigations) 

(a) (b)

(c) (d)

(e) (f)
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4.2.2 Cones 
In most circumstances commercially available electrical systems, such as those man-
ufactured by A.P. v.d. Berg, Geopoint, GeoMil, Gouda or Fugro of the Netherlands, 
Pagani of Italy, Geotech or Envi of Sweden or Hogentogler / Vertek of the US are 
used. There seems to be very little use made of individually produced cones, certainly 
for commercial work. 

Standard 10 cm2 and 15 cm2 cones are used. Over the last 15 years or so use of 15 
cm2 cones in preference to the smaller cones is becoming more common in some 
countries, for example Germany. Occasionally 5 cm2 cones are used for specialist ap-
plication (e.g. deepwater offshore or identification of thinly layered soils). Pore pres-
sure measurements are nearly always made in the u2 position (Lunne et al., 1997) 

Mechanical cones (MCPT) are far less popular though they are used occasionally 
in Belgium, France, Germany and the Netherlands because of their low cost, simplici-
ty and robustness. In Belgium, for example, use is mostly made of the M1 mantle 
mechanical cone and less frequently the M2 mantle and friction sleeve cone and the 
M4 simple cone with closing nut (see e.g. Van Alboom and Whenham, 2003 or 
Whenham et al., 2004). Several companies in France make use of MCPT for stone 
column construction control.  

4.2.3 Data acquisition systems 
Again use is nearly always made of commercially available proprietary systems. Sys-
tems in common use are UNICANTM, GONSITETM (van den Berg), CPTestTM (Geo-
Mil), TGSW01TM (Pagani), CPT-LogTM (Geotech), PC-monTM (Envi) etc.  

Although systems which transmit data acoustically through the CPT rods (see e.g. 
systems by Geotech and Envi) or by light signals (van den Berg) or in which the data 
is stored in a memory mounted on the cone (Envi) are available, they have as yet not 
been used on a large scale in commercial operations. 

4.3 CPT systems in use 
The number of CPT systems in use in the area is mostly a function of the geology as 
discussed above and also the history of use of the equipment. An estimate of the 
number of systems is shown on Figure 3a. As can be seen the number of CPT units 
operating in the Netherlands and Belgium is very high, probably reflecting the history 
of use of the equipment in those countries and also the suitable geology. The number 
of units operating in Austria, Ireland and Switzerland is very small again probably 
consistent with the ground conditions in these countries, which are in general not 
suitable for CPT. The number of units in the France, Germany and in UK fall in the 
middle suggesting that despite the geological diversity of these countries the relative-
ly large economy can support a significant number of CPT systems. 

An approximate percentage of site investigations (SI) conducted which make use 
of CPT is shown in Figure 3b. The data fall into three groups. Not surprisingly more 
or less all investigations in Belgium and the Netherlands make use of CPT. Although 
it is difficult to obtain an exact number it is estimated that 10% to 20% of all investi-
gations in Germany (where there is significant variation across the regions) and 
France make use of CPT. In the remaining countries a relatively small number of in-
vestigations use CPT. This possibly reflects the geology of these countries but proba-
bly also a lack of awareness of the usefulness of the technique. Hence it would seem 
education of engineers on the benefits of CPT is very important. 
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Figure 3. (a) Number of CPT systems in use in each country; (b) percentage of SI’s which make use of 
CPT 

 
An approximate percentage of the total CPT which are CPTU in each country is 

shown in Figure 4. The data fall into three groups. The most surprising result here is 
that only a relatively small percentage of the total number of tests in Belgium and the 
Netherlands (1% and <5% respectively) are CPTU. In Austria, France, Ireland and 
Switzerland all (or at least many) of the tests carried out are CPTU tests. Again for 
Germany and the UK the situation varies across these diverse countries but a rough 
approximation of 30% - 50% seems reasonable.  

In the mature markets of the Netherlands and Belgium it is clear that the main 
driver in the choice of test is one of cost. Even the additional small cost of a CPTU 
over CPT is important. In some circumstances MCPT or even CPT without a friction 
sleeve is chosen for cost reasons. In these countries CPTU is only used when unusual 
ground conditions are likely or where the development is sensitive or of significant 
importance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4. Percentage of CPT that are CPTU 
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Up until now very little seismic CPT (SCPT) testing has been carried out in the 
area. Perhaps this is for economic reasons as SCPT can be five to ten times more ex-
pensive than standard CPT. In several of the countries these tests have only been used 
by research organisations or universities. Due to the need to provide design parame-
ters for onshore (and offshore) wind turbines and with the introduction of Eurocode 8 
for seismic design it is likely use of the test will increase to some degree. Although 
Northern Europe is relatively seismically inactive EC8 requires that a seismic hazard 
map is produced and that shear wave velocity (Vs and hence small strain stiffness 
Gmax) is measured to a depth of 30 m for critical developments such as large dams 
and nuclear power plants. Nevertheless it is likely that SCPT will only form a small 
part of the overall CPT market. Currently for commercial projects it is estimated that 
about 2% and 0.1% respectively of all testing in France and the Netherlands is SCPT. 

4.4 Challenges with equipment and procedures 
The main challenges with equipment and procedures in the area fall into two groups: 

 
• dealing with very soft ground and 
• dealing with hard layers. 

4.4.1 Soft ground 
In Belgium, Ireland, and the Netherlands problems have been encountered with mea-
suring accuracy in very soft ground, especially peat. Some commercial CPTU tests 
for a wind farm development in peat in Western Ireland are shown on Figure 5 in or-
der to illustrate some of the issues involved. 

These data provide very valuable information and suggest that the site is underlain 
by approximately 1.75 m of peat overlying a silty clay. The peat appears to become 
more decomposed with depth. However the measured values, especially of corrected 
cone resistance (qt) and sleeve friction (fs) are very small and are close to the accura-
cy of the measuring instruments. In one case (CPT07) some qt values are recorded as 
being negative.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. CPTU test results for a wind farm site in Western Ireland on peat 
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Figure 6. Results of field trial of three cones at A2 research site, Vinkeveen, the Netherlands (Boylan 
et la., 2008a) 

 
The fs (and hence Rf) values are very variable, reflecting not only the heterogene-

ous nature of the peat but also the accuracy of the transducer involved as the recorded 
values are generally of the order of 5 kPa or less. 

Boylan et al. (2008a) have studied the incidence of negative qt values in Dutch and 
Irish peats. Laboratory studies on a number of cones showed that the measured para-
meters can be greatly influenced by differences in the temperature at which the zero 
load readings are taken and the temperature in the ground itself, even if the cone is 
temperature compensated. This effect could result in significant positive or negative 
shifts in the measurements. The problem was shown to be overcome by equilibrating 
the cone to the ground temperature prior to the test commencing. 

Boylan et al. (2008a) also compared the results of tests on three different cones 
from tests carried out very close to one another at the A2 research site in Vinkeveen, 
the Netherlands. The objective of these tests was to assess the relative accuracy of 
CPTU in peat compared to accuracy requirements of the European standard (EN ISO 
22476-1, 2007). Two tests were carried out with the GeoMil cone, while one test was 
carried out by both GeoDelft and Fugro. Figure 6 shows the results of all tests in 
terms of qt, fs and u2. Also indicated on this figure are the accuracy ranges required 
for an Application Class (AC) 1 test by the European Standard (EN ISO 22476-1 
2007).  Although AC cannot be defined by repeat testing it provides a useful guide. 
AC1 is the intended accuracy class for soft to very soft soil deposits.  

Examining the range of qt measurements for the various cones, the agreement 
between the various cones is generally good. However, the range of values falls 
outside the accuracy range for an Application Class 1 test if all the tests are 
considered together, although the variability of the peat may also play a role. If the 
Fugro and GeoDelft tests are considered in isolation, the ranges of all measurements 
from these cones would generally lie within the accuracy ranges of an Application 
Class 1 test, except for some minor localised variations. Similarly, the range of 
friction sleeve resistances (fs) would fall outside the accuracy range of an Application 
Class 1 test if all the tests are considered together. It should be noted that the cones 
used had different sleeve end areas, which may also play a role in the variability of 
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the measured fs. The tip resistance was corrected to qt but fs was not. During testing 
all cones recorded pore pressures close to the hydrostatic pore pressure and the range 
of measured values is generally within the required accuracy range. 

The pore pressure (u2) appears to be more reliable than the corrected resistance (qt) 
or friction sleeve resistance (fs). Long (2008) reported similar findings from a number 
of comparative cone trials in clay at Bothkennar in Scotland and at the Almere 
research site in the Netherlands (after Tiggelman and Beukema, 2008). 

The scatter in qt measurements from the different cones and the large corrections 
required for pore pressure effects would be problematic for interpreting strength 
parameters from these tests in soft peat. Larger full flow penetrometers which 
generally provide less scattered resistance profiles with a high degree of repeatability, 
and are less influenced by pore pressure effects, may be more appropriate for 
determining strength parameters for this material.  

4.4.2 Hard layers 
In Austria and Switzerland, for example, there are often some metres of coarse 
grained, medium dense material overlying lacustrine sediments. Perhaps this is a rea-
son why CPT testing is relatively rare in these countries. In Belgium dense sand or 
stiff clay layers can be encountered within soft clay and peat strata. Therefore pre-
drilling or pre-soundings have to be performed. In Belgium CPT equipment can be 
adapted for pneumatic hammering used to penetrate hard layers with limited thick-
ness. One contractor in Switzerland is developing a combination of a small drilling 
rig with a CPTU unit to overcome these difficulties. 

In France in alluvial valleys refusal is often met in coarse gravel and in these cases 
specific MCPT units called “stato – dynamic”, which combines static pushing and 
dynamic penetration, are used (see e.g. Sanglerat, 1974 or Frank and Magnan, 1995). 

In the UK problems can be encountered with natural hard zones such as large 
flints in chalk rock. Man made ground is of course a problem in many areas particu-
larly UK and Germany. 

It is incorrect to assume all hard layers cannot be penetrated by CPT. In the UK it 
is relatively common practice to push a “dummy” cone through hard layers before 
progressing with the normal test through the penetrable layers. 

5 CPT INTERPRETATION 

It is extremely difficult to summarise briefly the methods and techniques used for 
CPT interpretation in the region. However it seems that, in Northern Europe, CPT is 
firstly used for identification layering and then soil type in order to supplement slow-
er more expensive borings and then to derive various design parameters such as (in 
order of importance) strength, stress history and stiffness. An attempt has been made 
to summarise practice in the region on Table 5. 

It should be notes that EC7 requires the availability of the results of sampling (ac-
cording to EN ISO 22475-1, 2006) including identification and classification of the 
ground from at least one borehole, trial pit or heading for evaluation / interpretation 
of CPT results. 

Although engineers frequently make use of spreadsheets using locally derived cor-
relations, proprietary software is frequently used as summarized on Table 6. 
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Table 5. CPT interpretation in Northern Europe 
Country A. Soil type 

and layering 
B. Strength
(su and φ') 

C. Stress his-
tory (i.e. pc' 
and OCR)

D. Stiffness E.Others 

Austria 
 

  ch 

Belgium 
 

 su = (qc-
σv0)/15 
 

1C=αqc/σv'
2E=αqc 

3cv / ch 
Modulus of 
subgrade reac-
tion 

France Robertson 
(1990) or 
Fascicule 62, 
Titre V 
(MELT, 
1993) 

- 2E=αqc  

Germany DIN 4094-1, 
Appendix C 
or Robertson 
(1990) but 
not allowed 
alone, see 
above.  

φ' from ID= 
e1 + e2 logqc 
or φ' direct-
ly from 4qc

 

su = (qt-
σv0)/Nkt

5 

Eoed from v. For 
sand and clay 
6v = f1+f2 logqc 
v = f1+f2 qc  
or 2Eoed=αqc 

ch  

Ireland Robertson 
(1990) 

su = (qt-σv0)/
5Nkt 
 

Lunne et al. 
(1997) 

Gmax from SCPT 7ch 

8Netherlands    
9Switzerland  10su = (qc-

σv0)/Nk

 

UK Robertson 
(1990) 

Nkt Gmax from SCPT ch from Houlsby 
& Teh (1988)

Notes:  
1. C = Compression stiffness index, α is dependant on soil type. Values proposed by Sanglerat 

(1972) are commonly used in Belgium 
2. E = Young’s modulus. In Belgium, for clays α values proposed by Sanglerat (1972) are used 

and for sands the relationships proposed by Lunne and Christophersen (1983) are used. See 
also EN 1997-2, Annex D1 or DIN 4094-1, Appendix D. 

3. Coefficient of consolidation (ch) obtained from dissipation tests are only used for preliminary 
calculations later confirmed / improved on the basis of oedometer testing. 

4. ID = relative density, see DIN 4094-1, Appendix D or Melzer and Bergmann (2002) Tables 10 
to 12 or Table D1, Annex D of EN 1997-2 

5. DIN 4094-1, Appendix D suggest Nkt = 10 to 20. Otherwise Nkt derived from local correla-
tions or else taken from Lunne et al. (1997) 

6. v = stiffness coefficient, see DIN4094-1, Appendix D or Melzer and Bergmann (2002) Tables 
8, 10, 11 & 13 or EN 1997-2, Annex D. 

7. There is a lack of confidence on CPTU derived ch values as it generally gives much higher cv 
values than derived from oedometer (anisotropy?). 

8. In the Netherlands methods of interpretation for soil parameters are detailed in the National 
Annex to Eurocode 7. Where necessary this is supplemented by recommendations given by 
Lunne et al. (1997). 

9. In Switzerland general recommendation is that CPT should only be used in conjunction with 
other in situ tests e.g. DMT and laboratory testing, to calibrate su and pc'. 

10. Nk derived from local calibrations with su measured by DMT. Steiner (2009) gives two exam-
ples where Nk = 20 for overconsolidated clay and Nk = 11 for normally consolidated clay 
yielded su values which fitted well with other data. 
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Table 6. CPT interpretation software used in Northern Europe 
Software Developer Used Web address 
GO! / GOview® A.B. van den Berg Netherlands, Germany www.abvdberg.com 
CPTask / 
PlotCPTTM 

GeoMill Austria, Switzerland www.geomil.com 

UNIPLOTTM  Netherlands, UK, Germany, 
Belgium, France

GeODin®  Netherlands, UK, Germany, 
Belgium, France 

CPeT-ITTM Geologismiki Switzerland, Netherlands, 
UK, Germany, Belgium, 
France

www.geologismiki.gr 

CPT-ProTM GeoSoft UK with bespoke modifica-
tions

www.geosoft.com 

Geo-ExplorerTM Gouda-Geo Netherlands, Ireland,UK www.gouda-geo.com 
TGSW03TM Pagani Germany www.pagani-

geotechnical.com 
 
Mollé (2005) carried out a very useful review of the reliability of the CPT / CPTU 

based soil behaviour charts (also summarized by Long, 2008). He used world-wide 
data from the literature to compare the chart predictions to the actual soil type as de-
termined from laboratory classification tests. A significant conclusion was that the 
Robertson et al. (1986) and Robertson (1990) charts yield reasonable to very good re-
sults and that there appears to be no advantage to using the normalized version of 
these charts (1990) over the non normalized ones (1986). In addition, he also carried 
out a detailed assessment of the accuracy of CPT based soil classification system us-
ing a large data set from the 10 km long section Sliedrecht- Gorinchem of the Betuwe 
Route railroad track in the Netherlands. In this research area, the shallow subsurface 
consists of Holocene deposits that overly Pleistocene sand. It was clear from Mollé’s 
work that CPT alone is not adequate to classify organic soils and peat. The success 
rate for determining the main constituent was less than 50%. Correlation between 
sampling and in situ testing is necessary in these soils. 

6 CPT APPLICATIONS 
Without doubt the determination of the ground profile and providing design parame-
ters, as described in Section 5 are the most common applications of CPT in Northern 
Europe. However CPT data is frequently used directly in pile design, shallow founda-
tion analysis and for geo-environmental applications as follows. 
6.1 Deep foundation design 

In countries with a long history of the CPT design of piles using direct input from 
the test is very common. For example in the Netherlands and in Belgium the National 
Annex to EC 7 details CPT based ultimate limit state design for axial pile capacity. 
Recently a large research program was undertaken in Belgium to provide information 
for the CPT based design of screw piles in sands and in clays (see e.g. Maertens and 
Huybrechts, 2003). Pile design in Belgium based on CPT only uses cone resistance 
values for both ultimate unit base resistance, which is derived directly from cone re-
sistance (cone is considered to be a small scale pile) and ultimate unit shaft resis-
tance. The use of local side friction fs is not allowed, as it is known to be highly sensi-
tive to surface roughness, and thus wear of the cone. (Similarly in the Netherlands 
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unit side friction is also indirectly derived from cone resistance, as stated in Dutch 
standard NEN 6743 -1, and not from local side friction). 

          For example at the dense sand site at Limelette, mean values from 12 refer-
ence CPT tests were compared to results for 11 additional tests carried out by com-
mercial organisations and are summarized on Table 7 (Van Alboom and Whenham, 
2003). These results confirmed the greater uncertainty on local friction measurements 
as compared to end resistance. 

 
Table 7. Results for commercial and reference tests Limelette site (Van Alboom & Whenham, 2003) 
Depth (m) qc – commercial / qc-ref fs – commercial / fs-ref
2.2 – 6.2 (silty clay) 0.95 0.95
6.2 – 8.2 (clay) 1.04 1.00
8.2 – 17 (clayey sand) 0.93 0.74
 

This work also confirmed conversion factors between electrical and different me-
chanical cones (M1, M2 and M4). Significantly higher (by up to 30%) cone resis-
tances for M1 and M2 cones in stiff overconsolidated clays were confirmed. This is 
due to the friction on the mantle of these cones. For sands no consistent deviation for 
cone resistances could be observed. 

In Belgium use of geostatistical techniques to interpolate the results of cone pene-
tration tests (e.g. ordinary kriging) has been investigated for the purposes of deter-
mining characteristic values of pile bearing capacity (Govaerts, 2009,2010). Kriging 
is a collection of linear regression techniques which take into account the spatial de-
pendence of the data.  

In France LCPC have developed a CPT based design method from a large data 
base of pile loading tests (Fascicule, 62, Titre V, MELT, 1993).  

In Germany results from a large number of pile load tests were also correlated 
with CPT results (Melzer and Bergmann, 2002). These comprehensive investigations 
are reflected in the German standardisation codes (DIN 1054, DIN EN 1536), which 
contain required minimum values of cone penetration resistances in the ground in the 
case of the bearing resistance of driven displacement piles. For bored piles, values for 
pile base resistance and skin friction are given as a function of the cone penetration 
resistance from CPT within a range of 10 MPa ≤ qc ≤ 25 MPa.  

EN 1997-2, Annex D gives an example of a common method that stems from the 
early use of deriving pile bearing resistance from CPT. Also good summary of tech-
niques used worldwide is given by Eslami and Fellenius (1997a & b). 

6.2 Shallow foundation design 
Similar to pile foundations direct method for shallow foundation design using CPT 
data as explicit input have been used for many years especially in Belgium, France 
and the Netherlands. The technique used in France, for example, is described by 
Frank (1999) and Reiffsteck (2006). EN 1997-2, Annex D3 details a technique for de-
termining the settlement of spread foundation using CPT data. In Germany, the 
evaluation of numerous large-scale load tests showed that cone penetration resistance 
and the bearing resistance of shallow foundations are directly proportional to each 
other (e.g. Muhs, 1978). This method for direct application in the design of spread 
foundations is reflected in the standardisation (see DIN 1054). 
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6.3 Geo-environmental applications 
Although the potential use of the CPT for geo-environmental applications is strong 
there seems to be relatively little use of the available techniques in practice, perhaps 
for economic rather than technical reasons. Not surprisingly perhaps an exception is 
the Netherlands though the economic competition for more traditional techniques 
such as hand augering is strong. CPT is used for searching for and charting polluted 
areas (for example close to old launderettes) and to measure concentration of the pol-
lutants. In UK and France use is made use of low and high energy laser induced fluo-
rescence detectors (LIF) and the membrane interface probe (MIP) for the purposes of 
detecting hydrocarbons. Magcones or magnetometers (e.g. three component tunable 
flux gate gradiometer – TGF-CPT) are used in UK and Germany for detecting unex-
ploded ordnance (UXO). Here two three component TGF’s are mounted behind a 
regular CPT. Therefore UXO surveillance and regular CPT testing can be combined. 
If UXO is encountered then sampling using ordnance specialists is carried out. This 
form of testing can be very cost effective in helping minimize zones where specialist 
drilling and sampling is required. 

BAT® water samplers are used in conjunction with CPT equipment in several 
countries for the purposes of determining water samples for environmental testing. 

6.4 Other applications 
CPT is often frequently used for quality control of compaction fill or for assessing the 
success or otherwise of ground improvement schemes, for example stone or soil ce-
ment columns. In France 50% of the activity of some companies relates to this work.  

Some (rare?) use is being made of the cone pressuremeter, the video cone and Soil 
Moisture Probe in the Netherlands, UK and Germany 

7 RESEARCH AND FUTURE TRENDS 

Given the obvious technical and economic potential of the CPT, the current research 
effort in Northern Europe seems relatively modest. This is perhaps partly due to it be-
ing a mature industry. The trend over the past few years, in universities and research 
institutions, has been away from applied research towards numerical modelling and 
similar work. This possibly reflects the cost of carrying out research on in situ testing 
techniques and also the general policies of funding agencies such as the EU who have 
not favoured civil engineering based research.   

However there remains some ongoing work and some examples of research 
projects undertaken approximately in the past five years are given on Table 8. 

Some likely future research issues are as follows: 
• Addressing need for sustainable development. Many large clients and devel-

opers, for example the Department of Public Works in the Netherlands, re-
quire that new works demonstrate a strong level of sustainability in all inves-
tigation, design and construction activities. 

• Direct use of CPT data in design. Although such techniques exist especially 
for shallow and deep foundations, it is expected that further efforts will be 
made in this area in the coming years, given the problems of sampling distur-
bance and the costs of sampling and laboratory testing. 

• Reliability of friction sleeve measurements, the role of sleeve roughness etc. 
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Table 8. Research on CPT in Northern Europe 
Country Topic Institute / References 
Austria 
 

Pavement design and earthworks Bautechnische Versuchs- und 
Forschungsanstalt (BVFS), 
Salzburg

Belgium 
 

1. CPT based design of screw piles / perfor-
mance of MCPT and CPT-E / reliability of fs 
measurements. 
 
 
2. Geostatistical analysis of CPT data

Maertens & Huybrechts (2003) 
Van Alboom & Whenham 
(2003) 
Whenham et al. (2004) 
Mengé (2007) 
Govaerts (2009, 2010) 

France 1. Cyclic CPT for offshore wind farms
2. Cone loading test for soil  modulus and 
pile settlement 
3. Hydraulic profiling tool including CPT 
measurements 

LCPC & Fugro, France 
Reiffsteck et al. (2009), Ali et al 
(2010) (2 papers) 
Reiffsteck et al. (2010) 

Germany 1. Better understanding of field measure-
ments by means of data mining 
2. Ammunition detection 
 
 
 
3.Membrane Interface Probe (MIP) / CPT 
profiling for combined soils/ contaminants 
characterisation 

BAW, Karlsruhe, e.g. Prokha-
rova and Ziegler (2003) 
Geotechnik Guendling, 
Darmstadt, Geotechnik-
Heiligenstadt; Wandlitz-
Stolzenhagen 
TU Dresden 

Ireland 1. Characterisation of peat and organic soils 
using CPT and full flow probes 
 
2. Full flow probe testing of soft clays 
 
3. Characterisation of soft clays using the 
soil moisture probe 

Long & Gudjonsson (2004), 
Boylan et al. (2006, 2008a), 
Bihs et al. (2010) 
Long & Gudjonsson (2004), 
Boylan et al. (2007) 
Gardiner (2005), Boylan et al. 
(2008b)

Netherlands 1. Characterisation of peat and organic soils 
using CPT and full flow probes 
 
 
2. Installation effects / soil density mea-
surements 
3. General CPTU development / research 
work by Fugro 
 
4. Cone resistance at shallow penetration in 
sand 

Oung et al. (2004), Mollé 
(2005), Boylan et al. (2006, 
2008a), Mathijssen et al. 
(2008a&b) 
Dijkstra (2009), Dijkstra & 
Broere (2010) 
Peuchen et al. (2010), Van Der 
Wal et al. (2010), Mayne et al. 
(2010) 
Foray et al. (2002), Emerson et 
al. (2008)

Switzerland Comparison of CPTU and other tests (dy-
namic penetration / DMT)

Togliani & Beatrizotti (2004) 

UK CPT’s in Antarctic Ice
 
Modelling of CPT in layered clay 

Scott Polar Research Institute / 
University of Cambridge 
Prof Hui-Sui Yu & James 
Walker Nottingham University 
(ongoing)

 
• Further development of geo-environmental applications, e.g. ammunition de-

tection. 
• Use of wireless systems. 
• Development of more reliable models for CPT involving large strain formula-

tions etc. 
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8 SUMMARY 

CPT has been used for almost 80 years in Northern Europe. The techniques have 
reached maturity both in the areas of equipment and software development and also 
in data processing and design routines. However in order to ensure future use and 
even further growth of use of the techniques, the following should be considered 
 

• Engineers need to be educated and the advantages of these in situ tests have to 
be presented. It is expected that this education will be in the form of intensive 
post academic intensive courses on specialised topics. Use can be made of e-
learning tools.  

• Importance of good reference material, e.g. textbook of Lunne et al. (1997). 
• Case histories should be published to improve confidence. 
• Although it is most important that geotechnical engineers promote the use of 

appropriate, robust, reliable and accurate standard methods, more use of 
CPTU and “advanced” methods such as SCPT should be encouraged. 

• Introduction of EC7 and EC8 should result in use of more in situ testing (e.g. 
for acquiring stiffness parameters) and encourage use of CPT for obtaining 
geotechnical design parameters for low to medium risk geotechnical projects. 

• Generally develop  more CPT based research 
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