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Summary 
CPTU is one of the most sophisticated geotechnical investigation methods. However, there is a 

large amount of uncertainties related to this method. The uncertainties depend on different types 

of factors, for instance lack of accuracy in performance and equipment.  

The objective of this master thesis is to compare the CPTU-results from a number of commercial 

actors in Stockholm/Mälardalen in order to analyze these results with respect to the current 

standards and guidelines. The comparison was made in order to highlight the difference in results 

which may appear due to different equipment, performance of the operator and evaluation 

method. 

Based on this, an invite was sent to the commercial actors in Stockholm/Mälardalen, resulting in 

the participation of five different commercial actors in this investigation. Execution in the field 

was conducted over a six week period. During this time 26 CPTU were performed in total in a 

small area in Hagby, Stockholm, by these different actors. Once the data was collected from all of 

the actors, the results were evaluated with the aid of the computer softwares Conrad and Excel.  

The main conclusions from this study are: 

 Not one of the performed CPTU in this master thesis fulfills the requirements for 

CPT class 1 according to the European standards. 

 The quality of the education of operators should be improved and geotechnical 

engineers and the clients need to be more familiar with CPTU. 

 The evaluated results from different commercial actors differ, and this can depend on 

the choice of equipment and performance of the operator during penetration, but it 

can also depend on systematic errors in the cone penetrometers.    
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Sammanfattning 
CPTU-sonderingar är en av de mest sofistikerade undersökningsmetoderna för geoteknisk analys 

och bedömning. Det finns emellertid en hög grad av osäkerhet i denna metod. Osäkerheten beror 

på olika typer av faktorer, bland annat brist på noggrannhet i handhavande och utrustning.  

Syftet med detta examensarbete är att jämföra CPTU-resultat från de kommersiella aktörerna i 

Stockholm/Mälardalen för att senare analysera dessa resultat i förhållande till gällande ramverk 

och riktlinjer. Jämförelsen gjordes med avsikt att lyfta fram skillnaderna i resultat som kan uppstå 

på grund av olika utrustning, handhavande och utvärderingsmetod.  

Baserat på detta skickades en inbjudan till de kommersiella aktörerna i Stockholm/Mälardalen, 

vilket ledde till att fem olika kommersiella aktörer deltog i undersökningen. Utförande i fält 

genomfördes under en period på sex veckor. Under denna tid utfördes totalt 26 sonderingar i ett 

avgränsat område i Hagby, Stockholm, av dessa olika aktörer. När all data samlats in från alla 

aktörer utvärderades resultaten med hjälp av mjukvarorna Conrad och Excel.  

De viktigaste slutsatserna i denna studie är: 

 Ingen utav de utförda CPTU-sonderingarna uppfyller kraven för CPT klass 1 enligt den 

europeiska standarden.  

 Kvaliteten på utbildning av fältgeotekniker bör förbättras och geotekniska ingenjörer och 

även beställare bör bli mer bekanta med CPT.  

 De utvärderade resultaten från de olika aktörerna skiljer sig åt, och detta kan bero på valet 

av utrustning och fältgeoteknikerns prestation vid sondering men det kan också bero på 

systematiska fel i de använda sonderna. 
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List of notations  

Roman letters 

AT  Cross-sectional projected area of the cone   mm² 

AN  Cross-sectional area of load cell or shaft   mm²  

As  Surface area of friction sleeve   mm²  

AL  Cross-sectional area of the bottom of the friction sleeve  mm²  

AU  Cross-sectional area of the top of the friction sleeve   mm²  

a  Area factor 

b Area factor       - 

Δu1, 2, 3  Excess pore pressure at filter locations 1, 2 and 3  kPa  

Fs  Axially measured force on the friction sleeve   kN  

fs  Uncorrected sleeve friction     kPa  

ft  Corrected sleeve friction     kPa   

Qc  Axially measured force on the cone    kN  

qc  Uncorrected cone resistance    kPa  

qt  Corrected cone resistance     kPa  

u  Pore pressure     kPa  

ui  Pore pressure at the start of the dissipation test   kPa  

ut  Pore pressure at time t during a dissipation test   kPa 

uo  In-situ, initial pore pressure    kPa  

u1, 2, 3 Pore pressure measured at location 1, 2 and 3   kPa 

wL   Liquid limit     % 

z  Penetration depth      m 

  

Greek letters 

α Measured total angle between the vertical axis and the axis of the cone 

penetrometer                     (°)  

β1  Measured angle between the vertical axis and the projection of the axis of the cone 

penetrometer on a fixed vertical plane                    (°)  

β2  Measured α angle between the vertical axis and the projection of the axis of the 

cone penetrometer on a vertical plane that is perpendicular to the plane of angle β1                                                                                                                                                                                                                                                                               

                (°)  

σvo  Total overburden stress                  kPa  

 

τ Undrained shear strength                 kPa 
 

Abbreviations  

CPT Cone Penetration Test. 

CPTU Cone Penetration Test with pore pressure measurement- piezocone test 

ESOPT European Conference on Penetration Testing 

IRTP International Reference Test Procedure 
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ISSMGE International Society for Soil Mechanics and Geotechnical Engineering  

KTH Royal Institute of Technology, (Kungliga Tekniska Högskolan) 

NGI Norwegian Geotechnical Institute 

OCR Overconsolidation ratio 

SGI Swedish Geotechnical Institute 

 

Glossary 

The most common terms used related to this thesis are presented below in alphabetical order. 

Cone: The part of the cone penetrometer on which the cone resistance is measured. 

Cone penetrometer: The assembly which contains of cone, friction sleeve and other sensors and 

measuring systems. 

Cone resistance, (qc):  The force acting on the cone divided by the cross sectional area of the 

cone (normally 1000 mm2). Where qc refers to cone resistance measured by force sensor and is 

mainly used by CPT without pore pressure measurement.   

Corrected cone resistance, (qt): Corresponding cone resistance corrected for the errors caused 

by different water influence on the different parts of the cone peak.  

  

Data acquisition system: The system used to record the measurements made by the cone 

penetrometer. 

Dissipation test:  Monitoring the decay of the pore pressure during a pause in penetration. 

Filter element: This element will be inserted to the cone penetrometer in order to allow 

transmission of pore water pressure to the pore pressure sensor, while maintaining the correct 

dimensions of the cone penetrometer.  

Friction reducer: A local enlargement on the push rods placed a short distance above the cone 

penetrometer, to reduce the shaft friction on the push rods.  

Friction sleeve: The part of the rods pushing the cone penetrometer.  

Excess pore pressure, (Δu): The change in pore water pressure due to penetration. The net 

pore pressure can be positive or negative, depending on soil characteristic and is also strongly 

dependent on positioning of the filter.  

Pore pressure, (u): The generated pore pressure measured during penetration by pore pressure 

sensor. The sign u2 is used for generated pore pressure measured with normal filter positioning 

which is above the peak of the cone. For the alternative filter positioning which is halfway up 

from the peak of the cone the sign u1 is used and for the filter positioning above the friction 

sleeve the sign u3 is used.  

Push rods: Thick-walled tubes used to advance the cone penetrometer  
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Push machine or thrust machine: The equipment used to push the penetrometer down into 

the ground. 

Sleeve friction, (fs): The frictional force Fs on the friction sleeve, divided by its surface area As. 

Observe that for the corrected sleeve friction the sign ft is used. The correction is due to errors 

caused by water influence.  
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1 Introduction 

1.1 Background 

In geotechnical engineering, there is a need to determine soil stratigraphy and soil properties. A 

number of probing methods have been developed for this purpose. CPTU (Cone Penetration 

Test with pore pressure measurements) is considered as one of the more sophisticated methods. 

This sophisticated method has some requirements on all the actors involved in the process in 

order to reach its full potential. By the actors involved means engineers ordering the test, 

operator et cetera.          

A common problem with geotechnical field investigations methods are the large amount of 

uncertainties in results. The uncertainties are attributed to many factors. They can depend on the 

choice of equipment, since all types of equipment are not appropriate for all types of soil. They 

can depend on incomplete saturation of the pore pressure system. They can also depend on lack 

of maintenance, lack of user competence, wrong use of the method et cetera.   

Today there are guidelines that explain use, performance, maintenance and other details in 

CPTU. Despite this, the unreliability in CPTU-results from different commercial actors is too 

large. 

 

1.2 Aim and scope 

The aim of this master thesis is to compare CPTU-results from commercial actors and evaluate 

the quality of CPTU with respect to accuracy of the equipment, performance and uncertainties in 

the evaluated results. The comparison was made in order to highlight the difference in results 

which may appear due to different equipment, performance of the operator and evaluation 

method. 

The work surrounding this master thesis was performed in several different stages. To begin 

with, a literature survey was performed in order to obtain and present the relevant knowledge 

about CPTU. Following that, an application was sent to the owner of the field in order to get 

permission for execution of field investigations. At the same time different commercial actors 

were invited to perform CPTU in the field.  

The investigations were conducted over a six week period. During this time five operators from 

five different commercial actors, and with different types of equipment, performed CPTU in a 

facility located in Hagby, Täby Kyrkby, which is a suburb of Stockholm. After execution in the 

field, the coordinate for each CPTU-point were read and registered.  

Estimation of stratigraphy and soil properties was performed based on a sample piston test. The 

collected data was afterward evaluated by hand calculations in excel and graphically presented 

using the software Grapher. The collected data was also evaluated with the aid of the computer 

software Conrad. At the end a comparison of evaluated undrained shear strength using Conrad, 

and by statistical analysis, was done. This comparison is presented in later sections of this study.    
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1.3 Limitations  

CPTU can be performed both on land and offshore, but in this master thesis only comparisons 

on land are considered. Different types of soil can be analyzed by CPTU but this master thesis 

treats only CPT in clay. The two most common cone penetrometers in Sweden are Geotech and 

Envi, which have been used in this master thesis. There are, however, more types of CPTU-cone 

penetrometers around the world, for example Fugro and Pagani. In general, cone penetrometers 

can be divided in three types. Envi and Geotech are of the “Compression Cones” type. The two 

other cone penetrometer types will not be considered in this master thesis. In order to be able to 

consider the uncertainties due to human factors and operations, several engineers from different 

companies were invited to perform CPTU-tests. Due to lack of time and other priority projects, 

the number of companies and engineers was limited to five. One requirement for the CPT classes 

according to the European Standards is the verticality and inclination of the rods. Some analysis 

has been done with respect to that, but since one of the cone penetrometers did not have an 

inclinometer, this analysis is not presented.  

 

1.4 Structure of the thesis 

The thesis is divided into parts, as specified below: 

Chapter 1. Introduction: The main purpose of this master thesis, together with background and 

limitations, has been presented in this chapter.   

Chapter 2. Literature survey: In this chapter, the relevant literature related to CPTU in general, and 

the different principles in CPTU; such as equipment, test procedure and calibration, are 

presented. A review of different case studies that have been used as inspiration for this master 

thesis is presented at the end of this chapter.  

Chapter 3. Field study: In this section, the geological conditions of the field, together with 

execution of the field study, data collecting and data processing is presented.    

Chapter 4. Results and Analysis: The achieved values from the field investigations and different 

penetration attempts, together with results from hand calculations, are presented in this section. 

The corresponding analysis is presented in this chapter. 

Chapter 5. Conclusions: The conclusions drawn through the process of completing this master 

thesis are presented in this chapter. Also, a proposal for further studies is suggested. 
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2 Literature survey 

2.1 Introduction 

Chapter 2 consists of a survey of existing literature in regards to the topic “Quality of CPTU”. In 

the beginning of this chapter a historical background is presented, in which is described the rise 

and development of CPTU, both around the world and in Sweden. Following that, the basic 

principles of CPTU regarding standards, calibration, test procedures et cetera, are treated. Finally, 

the equipment used during a penetration is discussed and different case studies are looked at.  

        

2.2 Historical background 

2.2.1 International 

The method was originally developed in the Dutch Laboratory for Soil Mechanics in Delft, and 

due to this the method is also denoted DCT (Dutch Cone Test) (Lunne, et al., 1997). In 1932 the 

first cone penetrometers were made by Barentsen, who was an engineer at The Department of 

Public Works, Rijkwaterstaat, in Holland.  

The first manually operated 10 ton cone penetration rig was designed by T.K. Huizinga, the first 

director of Dutch Laboratory for Soil Mechanics in Delft. This rig was used to carry out the first 

tests in 1935. The early versions of cone penetrometers were used to evaluate pile bearing 

capacity by Dutch and Belgian engineers. 

The early versions of the cone penetrometers were improved several times in the following years. 

In 1948 the shape and the geometry were changed by Vermeiden and Plantema. This 

improvement was made in order to prevent the ingress of soil into the gap between the casing 

and the rods. In 1953-1969 the Dutch static cone penetrometer was improved by adding an 

“adhesion jacket” behind the cone. This improvement was made by Begemann. 

During the Second World War the first electronic cone penetrometer was developed in 

Forschungsgesellschaft für Bodenmechanik in Berlin (Lunne, et al., 1997). This meant that the 

transmission of signals was possible by using a cable inside the hollow penetrometer rods. The 

advantages of the electronic cone penetrometer compared to the early version are the following: 

 The errors in the interpretation of the test results due to friction between inner rods and 

the outer tube can be eliminated. 

 The elimination of possible influence on the cone resistance by undesirable soil 

movement and also continuous rate of penetration without alternative movements of 

cone penetrometer’s different parts. 

 The recording and continuous reading of the results became simpler and the electrical 

measurement of the cone resistance became more reliable.  

According to (Lunne, et al., 1997) several different mechanical cone penetrometers were 

developed in Belgium, Germany, Sweden, France, and Russia.        
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2.2.2 Sweden 

The first European Conference on Penetrations Testing (ESOPT-1) took place in 1974 in 

Stockholm (Lunne, et al., 1997). During this conference the first two examples of measurement 

of pore pressure during penetration were presented. This was the basis for the rise and 

development of the conventional electric piezometer, which was developed by the Norwegian 

Geotechnical Institute (NGI). After this, CPTU was considered to have great prospect for being 

useful in Scandinavian soil.  

In 1975 electric piezometer cone penetrometers with the special purpose of measuring pore 

water pressure, later called “BAT-spetsar”, were developed by Bengt Arne Torstensson in 

Sweden. At the same time Wisa in the USA developed the same type of cone penetrometers with 

similar geometry and for the same purpose. The results from this type of cone penetrometers 

showed that there are some thin permeable layers surrounded by clay that can potentially be 

determined by electric piezometer cone penetrometers. 

During the last 30 years, a large number of piezocones have been developed around the world 

(Lunne, et al., 1997). Today the two different commercial types of cones which are most 

common in Sweden are cones produced by the companies Envi and Geotech.       

Geotech Nova 

Geotech AB was founded in 1970. Geotech CPT Nova is a product designed by this company 

for CPT, CPTU, Seismic CPT (SCPT) and Electric Conductivity CPT soil investigations. The 

cone penetrometers are designed in a way so that they can be used for investigations on land and 

offshore. The company started to develop cordless CPT systems in the late seventies. The 

equipment was not used until early in the eighties in operational extensive offshore CPT surveys 

in the Canadian Arctic (Jefferies & Funegard, 1983). The current equipment on the market is the 

fourth generation. Figure 2.1 present different parts of a Geotech Nova cone penetrometer. 

 

 

 

Figure 2.1: Geotech Nova with different types of filter: 

Left: Geotech Nova with slot filter. Photo by C. Kardan, 2014/05/19 
Right: Geotech Nova with porous filter. Photo by C. Kardan, 2014/04/29 
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Envi Memocone 

Envi was founded in 1985. The year after they started developing drill data loggers and some 

time after that, CPTU cone penetrometers. The cone produced by Envi is named Memocone and 

its name indicates that the cone penetrometer has a built-in electronic memory making wireless 

operation possible. During the last decades a seismic add-on enabling SCPTU investigations and 

a resistivity add-on enabling resistivity/conductivity measurements have been developed by Envi. 

Several generations of CPTU cone penetrometers have been produced and sold by Envi since 

1985. The current models were introduced to the market in 2010 with the name Envi logger C1 

and Envi logger CS1, and both of these models are digital and PC-based. A CANopen database is 

used for transfer of data to and from sensors in these models. 

 

 

Figure 2.2: Envi Memocone. Photo by C. Kardan, 2014/05/06 
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2.3 Principles of CPTU 

2.3.1 General descriptions   

During a CPT-procedure an instrument with a peak formed like a cone is pushed downward into 

the soil (Larsson, 2007). The instrument is approximately pushed downward with a rate of 

penetration of 20 mm/s (for more information regarding penetration rate check section 2.3.4). 

During this procedure the cone resistance (qc) and the sleeve friction (fs) is measured. As 

explained previously, almost all of the cone penetrometers today are equipped so that they can 

also measure the excess pore pressure (Δu). The measurement is performed electrically and the 

scanning frequency should be accurate enough to obtain continuous curves of the variation of 

the measured values with respect to depth.  

The main purpose with this attempt is to achieve a good view of the stratigraphy, and variation in 

soil properties with variation of the depth. Although the measured values are often registered 

almost continuously, the following aspects have to be considered: 

 Because of the design of the instrument the different measured values are not completely 

independent of each other and they can also vary depending on eventual wear and tear. 

This requires standards and specified tolerances. In order to achieve relevant values for 

the cone resistance and the sleeve friction when the water pressure is high, these values 

have to be corrected. This is mostly common in fine-grained soils and in marina 

environments where the depth of water is too large. 

 The cone resistance (qc) is influenced by a larger volume of soil around the peak of the 

cone. The quantity of this volume varies with the stiffness of the soil. It is assumed that 

usually, when the soil is divided in different layers, the thickness of more solid layers has 

to be 0.4 – 0.7 m in order to achieve appropriate values at the middle of the layer. For 

looser layers the corresponding thickness has to be 0.2 – 0.4 m. The thinner layers will be 

continuously registered during the measurement but the obtained values will not be 

completely stabilized, and because of that the values will not be representative for the 

corresponding layer. 

 The sleeve friction (fs) is measured as an average value over a distance of 134 mm.     

 The pore pressure (u2) is usually measured with a five mm filter. The registration of pore 

pressure in the thicker layers depends on scanning frequency and if the measuring system 

reacts sufficiently quickly on changes in pressure in the earth.   

 Since the measurement of the cone resistance, pore pressure and sleeve friction occurs at 

different points along the cone-instrument, the registration of these parameters for the 

same depth will occur at different times. This means that for a given depth in continuous 

CPT with the standard speed and the filter placed at the normal position above the cone, 

the first registered parameter will be the cone resistance. The next parameter is pore 

pressure which will be approximately registered 0.7 seconds after registration of cone 

resistance. Finally the sleeve friction will be approximately registered after another 3.4 

seconds (normal placing of the filter means a five mm filter placed with the bottom five 

mm above the cone part of the instrument). Based on this the cone resistance must be 

corrected with respect to registered pore pressure at the same time that the cone 
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resistance is registered. The same routine is valid for correction of the sleeve friction 

value.  

 

2.3.2 Standards  

Geotechnical applications for CPTU were first standardized by ASTM back in 1986, called 

ASTM Standard D3441 (Larsson, 2007). These applications were later converted by ISSMGE to 

international standards on CPTU. Today, there are two different guidelines for usage of CPTU. 

One is the Swedish SGF recommendations, developed by SGF:s field committee in 1992.  

The classification of different CPTU classes in the Swedish SGF standard is based on the 

following aspects, (Larsson, 2007): 

 This recommendation refers only to equipment with electrical measurement and 

registration of cone resistance (qc), and sleeve friction (fs), and also in most cases the 

excess pore pressure (Δu).   

 In friction soil the measurement of pore pressure will only make it clear to see that no 

pore overpressure will occur. The exception is for measurements at large water depth 

where the cone resistance (qc) and sleeve friction (fs) have to be corrected for high water 

pressure.  

 In fine-grained soil the excess pore pressure (Δu) always has to be measured and cone 

resistance (qc) and sleeve friction (fs) have to be corrected.  

 The measurement accuracy is limited, i.a. by resolution of the measurement equipment.  

 The pore pressure gauge must have very small deformation, a stable temperature and 

have a suitable resolution.  

Based on these aspects there are three different classes of CPT (Larsson, 2007): 

 Class 1, designation CPT1 

 Application: all types of soil but mainly cohesive soil. 

 Generally permissible inaccuracy according to this reccomendation is 100 

kPa in cone resistance (qc), 10 kPa in sleeve friction (fs) and 10 kPa in excess 

pore pressure (Δu).  

 Relatively high tolerance.   

 Equipment: 5-10tons. 

 Limitation: the ground water table has to be determined separately.  
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 Class 2, designation CPT2 

 Application: all types of soil. 

 Generally permissible inaccuracy according to this recommendation is 40 

kPa in cone resistance (qc), 4 kPa in sleeve friction (fs) and 5 kPa in excess 

pore pressure (Δu).  

 Lower tolerance in the cohesive soil. 

 Equipment: normally 5-tons. 

 Limitation: the penetration ability is limited in compact sand and solid 

frictional soil. 

 Class 3, designation CPT3 

 Application: all types of soil but mainly sand and other solid soils. 

 Generally permissible inaccuracy according to this recommendation is 20 

kPa in cone resistance (qc), 2 kPa in sleeve friction (fs) and 1 kPa in excess 

pore pressure (Δu).  

 Equipment: special calibrated, 5 tons. 

 Limitation: the penetration ability is limited in cohesive soil and it is 

especially limited in solid soil with coarser particles. 

 

Application for different CPTU classes according to SGF is presented in Table 2-1. 

 

Table 2-1: Application for different CPTU classes according to SGF. 

Class Type of soil 

Friction soil Mixed soil Cohesive soil 

Layers Properties Layers Properties Layers Properties 

CPT1A Satisfying1 Satisfying1 Unsatisfying Unsatisfying Impossible Impossible 

CPT1B Satisfying Satisfying Relatively 
satisfying 

Relatively 
satisfying 

Unsatisfying2 Unsatisfying2 

CPT2 Satisfying3 Satisfying3 Satisfying Satisfying Relatively 
satisfying 

Relatively 
satisfying 

CPT3 Satisfying4 Satisfying4 Satisfying5 Satisfying5 Satisfying Satisfying 
Notification: 

A = No pore pressure measurement 

B = Pore pressure measurement 

1 = The ground water table has to be determined separately 

2 = Only in solid cohesive soil 

3 = Slightly limited in friction soil 

4 = Extremely limited in friction soil 
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The current valid standard is European Standards (EN ISO 22476-1:2012) developed by 

Technical Committee from European Committee for Standardization CEN/TC 341 

“Geotechnical Investigation and Testing”, (European Committee for Standardization, 2012). The 

secretariat of this regulation is held by ELOT, in collaboration with Technical Committee 

ISO/TC 182 “Geotechnics”. 

The European Standards have requirements for the correction of the depth of penetration with 

respect to inclination (Larsson, 2007). The accuracy requirements are set according to what is 

practically possible and are adapted to significantly thicker and more difficult penetration 

conditioned field than typical for Sweden. Application for different CPTU classes according to 

EN-ISO22476-1 is presented in Table 2-2. 

Table 2-2: CPTU Application classes with allowable minimum accuracy in EN-ISO 22476-1 

Application 
class 

Test 
type 

Measured 
parameter 

Allowable 
minimum 
accuracy a 

Maximum 
measurement 

interval 

Use 

Soil b Interpretation c 

1 TE2 Cone resistance 35 kPa or 5 % 20 mm A G, H 

Sleeve friction 5 kPa or 10 % 

Pore pressure 10 kPa or 2 % 

Inclination 2⁰ 
Penetration length 0.1 m or 1 % 

2 TE1 
TE2 

Cone resistance 100 kPa or 5 % 20 mm A 
B 
C 
D 

  G, H* 
G, H 
G, H 
G, H 

Sleeve friction 15 kPa or 15 % 

Pore pressure d 25 kPa or 3 % 

Inclination 2⁰ 
Penetration length 0.1 m or 1 % 

3 TE1 
TE2 

Cone resistance 200 kPa or 5 % 50 mm A 
B 
C 
D 

G 

  G, H* 
G, H 
G, H 

Sleeve friction 25 kPa or 5 %  

Pore pressure d 50 kPa or 5 % 

Inclination 5⁰ 
Penetration length 0.2 m or 2 % 

4 TE1 Cone resistance 500 kPa or 5 % 50 mm A 
B 
C 
D 

G* 

G* 

G* 

G* 
 

Sleeve friction 50 kPa or 20 % 

Penetration length 0.2 m or 1 % 

Notification: 

a      The allowable minimum accuracy of the measured parameter is the larger value of the two quoted. The relative accuracy applies to the 

measured value and not the measuring range. 

b     According to ISO 14688-2 [1]: 

A      homogeneously bedded soils with very soft to stiff clays and silts (typically qc < 3 MPa)   

B      mixed bedded soils with soft to stiff clays (typically qc ≤ 3 MPa) and medium dense sands (typically 5 MPa ≤ qc < 10 MPa)  

C      mixed bedded soils with stiff clays (typically 1,5 MPa ≤ qc < 3 MPa) and very dense sands (typically qc > 20 MPa)  

D      very stiff to hard clays (typically qc ≥ 3 MPa) and very dense coarse soils (qc > 20 MPa)  

c        

G      profiling and material identification with low associated uncertainly level 

G*    indicative profiling and material identification with high associated uncertainly level 

H      interpretation in terms of design with low associated uncertainly level 

H*    indicative interpretation in terms of design with high associated uncertainly level 

d     Pore pressure can only be measured if TE2 is used 

TE1  cone penetration tests with measurement of cone resistance qc and sleeve friction fs 

TE2  cone penetration tests with measurement of cone resistance qc and sleeve friction fs and pore pressure u  
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2.3.3 Correction for pore pressure effects  

The pore pressure is measured with a pressure transducer. In order to obtain the required 

accuracy, the sensors must be of the highest depth and they should have minimal deformation 

during measurement. Sensors of this type are available on the market and can be fitted into the 

cone penetrometers. Before introduction of standards, this type of sensor was available as an 

option which the client could require when ordering equipment. After the introduction of 

standards with specified requirements, these types of sensors are normally expected in the 

commercial equipment available on the market. 

 

In the normal case the net pore pressure is expressed as: 

𝛥𝑢2 = 𝑢2 − 𝑢0                                                         (1) 

For alternative filter placement: 

𝛥𝑢1 = 𝑢1 − 𝑢0                                                         (2) 

𝛥𝑢3 = 𝑢3 − 𝑢0                                                         (3) 

Where 

u1, 2, 3 = Generated pore pressure measured at location 1, 2 and 3 

Δu1, 2, 3 = Excess pore pressure at filter locations 1, 2 and 3 

u0 = In-situ, initial pore pressure  

 

 

 

 

 

 

 

 

 

 

 
Figure 2.3: Schematic expression of area factors (a) and (b). Modified 
from Larsson (1992) 
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The measurement of both the cone resistance and the sleeve friction is affected by the 

unbalanced pore water pressure in the base surface of the tip and the end surfaces of the friction 

sleeve. In order to obtain the total cone resistance and sleeve friction, qc and fs have to be 

corrected with respect to water pressure acting on the end surfaces. The size of the end surfaces 

are expressed in terms of area factors a and b.   

The area factor a is used for correction of cone resistance according to the equations below:  

 

𝑎 =
𝐴𝑁

𝐴𝑇
≈

𝐴𝑇 − 𝐴𝐿

𝐴𝑇
                                                         (4) 

𝑞𝑡 ≈ 𝑞𝑐 + 𝑢2 ∗ (1 − 𝑎)                                                  (5) 

Where 

a = Area factor 

qc = Uncorrected cone resistance 

qt = Corrected cone resistance   

u2 = Pore pressure measured at location 2 

AT = Cross-sectional projected area of the cone     

AN = Cross-sectional area of load cell or shaft 

AL = Cross-sectional area of the bottom of the friction sleeve    

 

The area factor b is used for correction of sleeve friction. With the empirical relationship for pore 

pressure in the friction sleeve’s end-surfaces in a standard cone with a cone area of 1000 mm2 

and a sleeve area of 15000 mm2, the corrected value for the sleeve friction is expressed as: 

 

𝑏 =
𝐴𝐿 − 𝐴𝑈

𝐴𝑆
                                                                     (6)  

𝑓𝑡 ≈ 𝑓𝑠 − [𝑢2 ∗ 𝑏 + 0,3𝛥𝑢2 ∗ (
1 − 𝑎

15
− 𝑏)]              (7) 

Where 

a = Area factor 

b = Area factor 

fs = Uncorrected friction sleeve 
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ft = Corrected friction sleeve   

u2 = Pore pressure measured at location 2  

Δu2 = Excess pore pressure at filter locations 2    

As = Surface area of friction sleeve 

AL = Cross-sectional area of the bottom of the friction sleeve    

AU = Cross-sectional area of the top of the friction sleeve 

The area factors a and b were used in the calculations performed using Conrad and Excel. 

 

2.3.4 Test procedures 

There are a number of valid standards for CPTU. In each of these standards there are 

requirements for CPTU procedures in order to obtain reliable results. Also, educated and well-

qualified operators and good technical back-up facilities for calibration and maintenance of the 

equipment are required in all of the standards. The following factors are important during field 

operations (Sandven, 2009): 

 Preparation and controls  

 Pre-drilling 

 Verticality  

 Reference measurements  

 Rate of penetration 

 Interval of readings  

 Depth measurements 

 Saturation of piezocone  

 Dissipation test 

 

Preparation and controls 

There are some factors that should be checked before, after and during a penetration test 

(Larsson, 2007). The allowable distance between two penetration points should never be less than 

two meters. Before start of penetration the straightness of each rod should be checked. This type 

of control should be performed for each penetration process, especially for penetration in loose 

soil when penetration stops due to obstructions in the form of gravel or bedrock, and also in 

tests that lead to high inclination.  

The cone and the friction sleeve should be checked for damage before and after each 

penetration. The shape, size and relation of diameter between cone, friction sleeve and filter 

should also be checked.  
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For each penetration new O-rings should be used. It is also acceptable to use O-rings that have 

been used before but they should be of good quality and clean. If the O-rings have been damaged 

or worn, they should be replaced by new O-rings. In case of ingress of soil particles in the gaps 

between the cone penetrometer’s different parts, these gaps should be cleaned up and the soil 

particles removed. 

If there is a large difference between zero values before and after penetration, the cone 

penetrometer’s calibration protocol must be checked. All of the cone penetrometers have to go 

through the calibration process at least once every six months, and also if the cone penetrometer 

has been used more times than recommended. For more information in detail, please check 

section 2.3.5 Calibration. 

 

Pre-drilling  

In order to avoid overloading or damaging the cone penetrometer predrilling is required before 

penetration, especially for penetration in fill or hard soils, (Lunne, et al., 1997). Predrilling is 

necessary and very important in case of penetration with piezocone. The saturation of the piezo 

element will be ensured by placing the cone penetrometer into a pre-drilled hole filled with water 

up to the ground water level. In case of harder surfaces, such as coarse material or stones, a 

casing can be required and in some cases predrilling can be replaced by preforming by a hard 

steel cone penetrometer which has a slightly larger diameter compared to the cone penetrometer.  

 

Verticality  

The allowable deviation of the initial thrust direction from the vertical axis depends on which 

CPT-class is required (European Committee for Standardization, 2012; Geotechnical Research 

Group, Department of Civil Engineering, u.d.). According to European standards (EN ISO 

22476-1) the deviation of initial thrust direction from the vertical axis should not exceed 2⁰ in 

CPT-classes 1 and 2. In CPT-class 3 the limit for this deviation is 5⁰ and in CPT-class 4 there is 

no requirement regarding verticality.  

However, the set-up of the pushing equipment should be in that way that the direction of thrust 

becomes as near as possible to vertical. This, together with the straightness of the rods, ensures 

that the penetration does not deviate from a vertical path. 

Nowadays, most of the cone penetrometers are equipped with inclinometer sensors which enable 

check of the verticality during penetration.  
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Reference measurements      

Experience of tests with cone penetrometers has shown that there are different types of 

sensitivity in penetration results due to changes. (Lunne, et al., 1997) One of them is sensitivity 

due to changes in temperature. These types of sensitivity can’t be recognized during calibration of 

the sensors but they can be recognized by control of changes in zero values. Due to that, zero 

values can be used as reference measurements in cone penetration. 

Zero values means the zero load output before and after penetration. The reading and recording 

of the zero values should be performed when the penetrometer has approximately the same 

temperature as the ground. The temperature of the ground varies around the world. For instance, 

the normal range of the ground temperature in Scandinavia is 5⁰ - 8⁰ C. In order to ensure that 

the temperature of the ground and penetrometer are approximately the same, the cone 

penetrometer can be carried in a bowl of water. Otherwise the predrilled hole can be filled with 

water and the cone penetrometer can be placed there for a while in order for the temperature to 

stabilize.  

 

Rate of penetration 

According to the European standards (EN ISO 22476-1), the rate of penetration should be 20 

mm/s with a standard deviation of ± 5mm/s. But according to the guidelines from the Swedish 

geotechnical society (SGF) the rate of penetration should be 20 mm/s with a standard deviation 

of ± 2 mm/s. This higher requirement has been considered unnecessary by the European 

committee for standardization based on available experiences.  

However, several studies have been undertaken in order to evaluate the influence of the rate of 

penetration in CPTU results (Lunne, et al., 1997). Most of these studies were aimed at evaluate 

the influence of the rate of penetration on cone resistance, since the cone resistance, qc is the 

parameter that can be most affected by changes in rate of penetration. According to Danziger 

and Lunne (1997) an increase in rate of penetration leads to increasing of the cone resistance. 

The value of the cone resistance will increase by 10-20% in stiff clay and 5-10% in soft clay with 

a tenfold increase in rate of penetration. This consequently leads to an increase in undrained 

shear strength since this parameter is directly dependent on cone resistance.  

 

Interval of readings      

The signals produced by the cone penetrometer are converted into digital data at certain depth 

intervals (Lunne, et al., 1997). The interval of the readings varies depending on the system of the 

penetrometers. However, it shouldn’t exceed the limit of 200 mm. In most types of collecting 

systems the depth interval of readings varies from 10 to15 mm.    

Depth measurements 

There are several types of systems available for measurement of the depth during penetration, 

(Lunne, et al., 1997). In earlier years, the wheel concept was used but today other types of 
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systems, such as cable system or acoustic system, are more common. Either way, each of the 

depth measurement systems must be referenced to the ground surface or a stable platform, and 

the depth penetration should be determined with an accuracy of ± 100 mm relative to the actual 

reference point and with a resolution better than 10 mm.  

  

Saturation of piezocone  

For CPTU there are requirements regarding saturation of piezocone. In order to achieve an 

acceptable pore pressure response during penetration with a piezocone, the following elements 

must be fully saturated: 

 The filter 

 The channel or tubing between the transducers  

 The transducer housing cavity  

Another factor which influences the quality of the saturation is the fluid used. In earlier years, the 

fluid used for saturation was de-aired water. A common problem with water as a saturation fluid 

is that it is difficult to maintain saturation before penetration below the ground water level. 

Another problem is saturation at low temperature. Today, other types of fluid, such as glycerin 

and silicon oil, are more common for saturation. The advantage with glycerin is that it is miscible 

with water, a property which silicon oil does not have. The required saturation procedure for the 

filter is more complicated in the case of glycerin or silicon oil, as compared with water.  

Different methods can be used for the mounting of saturated filters (Larsson, 2007). In case of 

usage of de-aired water as fluid, the cone together with filter and O-rings must be placed in a 

vessel full with de-aired water. The cone penetrometer can be placed upside down into the vessel, 

but before that a plastic ball should be placed at the end of cone penetrometer in order to keep 

the opening of the chamber tight. The purpose of the plastic ball is to prevent air from remaining 

inside the chamber when the cone penetrometer is placed in the vessel. When everything is inside 

the vessel the filter, the cone and other parts can easily be mounted. Figure 2.4 illustrates the 

mounting of the filter element when using water.   

 

 

Figure 2.4: Mounting filter element when using water. Modified from Larsson (1992) 
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After that a plastic bag or a condom can be used to transport the cone penetrometer to the 

penetration hole, which should be filled with water as explained previously.  

The same method can be used for mounting of the filter element when using glycerin as fluid. In 

this case there is no need for a plastic bag or condom for transport of the cone penetrometer. 

Also, a funnel should be used instead. Figure 2.5 illustrates the mounting of the filter element 

when using glycerin.   

 

 

Figure 2.5: Mounting filter element when using glycerin. Modified from Larsson (1992) 

When using a slot filter instead of porous filter the mounting process is completely different. 

This type of mounting will be presented and explained in detail in section 3.3.2.   

 

Dissipation test 

A dissipation test involves measurement of the dissipation rate, when the generated pore pressure 

around the cone dissipates during a stop in penetration (Lunne, et al., 1997). The dissipation test 

depends on the following factors: 

 Coefficient of consolidation 

 Locking of the cone rods 

The coefficient of consolidation has a direct impact on the result of the dissipation test. This 

coefficient in turn depends on the permeability and compressibility of the soil. The locking of the 

cone rods might have an influence on the dissipation rate since the elastic strain energy in the 

rods can be released, which leads to a slight movement of the cone even when it is clamped. 

The dissipation rate can be calculated according to the equation below: 

𝑈 =
𝑢𝑡 − 𝑢0

𝑢𝑖 − 𝑢0 
                                                               (8) 

Where 

U = Dissipation rate 
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ut = Pore pressure at time t  

uo = Equilibrium pore pressure in situ  

ui = Pore pressure at start of dissipation test 

 

2.3.5 Calibration    

Each cone penetrometer has to be calibrated in order to deliver accurate data. Calibration 

includes impact of area factors, impact of internal friction and also interference effects. These 

values are specific for each cone penetrometer, but they can be modified if cones with different 

geometric design are used. Each type of cone penetrometer should be calibrated before use and 

also be recalibrated at the slightest change in cone penetrometer construction. The following 

processes are included in a calibration process: 

 Calibration of sensors measuring cone resistance, sleeve friction and pore pressure 

 Calibration of area factors 

 Calibration due to effect of changes in temperature 

 

Most cone penetrometers are designed so that they can be used in soft soil to firm soil, from 

organic soil and clay to coarse sand. Maximum peak load is normally five to ten tons (50 to 100 

kN). The accuracy of the results is expressed in percent. The requirements to obtain good 

properties in terms of stability, linearity and repeatability during a measurement are: 

 High steel quality  

 Appropriate strain gauges  

 Modern electronics  

 

Calibration of cone resistance and sleeve friction 

This type of calibration is performed by loading both the tip and the friction sleeve axially and 

incrementally. During loading of the friction sleeve the tip will be replaced with an adapter so 

that the axial forces can be transferred to the lower end surface of the friction sleeve. The 

calibrations are performed separately, but the other two transducers will be checked 

simultaneously in order to avoid the effect of the applied load on them. The calibration is 

performed for various ranges and mostly with respect to the ranges that might be relevant. 

During calibration of a cone penetrometer the transducers are first exposed to 15-20 loading 

cycles up to full scale before the actual calibration is performed.  

 

 

Calibration of area factors   
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Calibration of the area factors must be performed in a special chamber. This chamber is designed 

so that the lower part of cone penetrometer can be placed in its bottom, while the friction sleeve 

is locked on top of it. The cone penetrometer can then be subjected to a comprehensive pressure 

inside the chamber. The pressure is applied gradually and at the same time cone resistance, sleeve 

friction and pore pressure will be measured. In this way a calibration curve for the pore pressure 

transducer, area factors a and b and also the internal friction value inside the cone penetrometer 

is obtained.  

With special registration equipment the response of the pore pressure transducer to pressure 

shocks can be checked. The total correction of the measured values for cone resistance and 

sleeve friction is expressed according to the following equations: 

 

𝑞𝑡 = 𝑞𝑐 − 𝑜𝑐 − 𝑐1 ∗ 𝑓𝑠 + 𝑢2 ∗ (1 − 𝑎)                                           (9) 

𝑓𝑡 = 𝑓𝑠 + 𝑜𝑓 − 𝑐2 ∗ 𝑞𝑐 − [𝑢2 ∗ 𝑏 + 0,3𝛥𝑢2 ∗ (
1 − 𝑎

15
− 𝑏)]     (10) 

   

Where  

oc and of = Internal friction (mostly in O-rings tightening)   

c1 and c2 = Constant for crosstalk between cone resistance and sleeve friction sensors 

c1 and c2 are usually very small and can be neglected. oc and of  are also small values but might 

affect the results in case of loose and sensitive clay where the cone resistance is very low and the 

sleeve friction is close to zero. 

a = Area factor 

b = Area factor 

qc = Uncorrected cone resistance 

qt = Corrected cone resistance   

fs = Uncorrected friction sleeve 

ft = Corrected friction sleeve   

u2 = Pore pressure measured at location 2  

Δu2 = Excess pore pressure at filter locations 2 and 

AT = Cross-sectional projected area of the cone     

AN = Cross-sectional area of load cell or shaft    

As = Surface area of friction sleeve 
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AL = Cross-sectional area of the bottom of the friction sleeve    

AU = Cross-sectional area of the top of the friction sleeve 

 

During correction of the internal friction it must also be considered if the forces acting on the 

friction sleeve are so large that internal friction is mobilized. Otherwise there is a risk of 

overcorrection and negative friction values can be obtained. 

 

 

Figure 2.6: Example of chamber for calibrating pore pressure sensors and pore pressure effects on qc and fs. From Larsson and 
Eskilson (1998) 

 

Calibration of pore pressure transducer 

Calibration of the pore pressure transducers can be performed by an adapter connected to a 

pressure tube which is screwed into the connecting thread of the cone penetrometer tip and thus 

requires no calibration chamber. The calibrations are performed with electronics and recording 

equipment that is later used in the field, so that the whole system and its sources of errors can be 

controlled. Precision sensors are used in this system as a reference system which is checked 

regularly. 
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Calibration due to the effect of changes in temperature 

The cone penetrometers must be calibrated for temperature effects and this is performed by 

lowering the cone penetrometer in water with different temperatures. Various signals will then be 

read against time until values stabilize. The variation in the zero values will afterward be evaluated 

with respect to temperature and it will also become apparent how long it takes for the 

temperature of the cone penetrometer to stabilize while it is lowered in water. This information is 

of high value since it is very useful during penetration in the field. Normally it will take ten 

minutes for a cone penetrometer’s temperature to be stabilized, but the time interval can vary 

between different cone penetrometers.  
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2.4 Equipment 

2.4.1 Pushing equipment  

In order to push the cone penetrometer down, a pushing equipment will be used which consists 

of a reaction system, a thrust mechanism, push rods and hydraulic jacking (Lunne, et al., 1997). 

The thrust capacity for CPT varies depending on the type of soil. For CPT in general, the thrust 

capacity varies between 100 and 200 kN, and for CPT in soft soils the thrust capacity varies 

between 20 and 50 kN. A thrust with a load larger than 200 kN may results in damage in the rig 

or in the soft upper layers of the soil and it will also cause buckling in the rods. Land-based rigs 

can be mounted in heavy duty trucks or can be placed on a light trailer. In one day and under 

favorable site conditions a high-production truck-mounted rig can perform approximately 250 

meters of penetration, while a trailer-mounted rig can reach up to 120 meters of penetration. The 

setting of screw anchors is required in order to provide additional reaction, and is the most time-

consuming part of the trailer-mounted operation. The reason for this is the lack of dead weight. 

Heavy duty trucks, however, are normally ballasted to a dead weight of 150 kN. The most usual 

types of machines which are common in Sweden are the GM series of soil investigations drill 

rigs. Also common are different types of Geotech’s geotechnical site investigation rigs. Some of 

them are presented in Figure 2.7. 

 

 

 

Figure 2.7:  

Top left: GM 65 GT. Photo by C. Kardan, 2014/04/29. Top right: GM 75 GT. Photo by C. Kardan, 2014/05/06 

Bottom left: GEORIG 604. Photo by C. Kardan, 2014/05/19. Bottom right: GEORIG 605. Photo by C. Kardan, 

2014/05/06 
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2.4.2 Cone penetrometer 

The cross-sectional area of a cone is 1000 mm2, the area of the outer surface of the friction sleeve 

above the cone is 15000 mm2 and the angle between the vertical axis and the axis of the cone 

penetrometer is 60o (Larsson, 2007). However, other types of cones with different dimensions 

and/or different geometries can also be used. 

In a piezocone penetrometer the pore pressure will also be measured and registered. The 

measurement of the pore pressure can occur at three locations depending on the position of the 

filter. The most common filter-positioning is u2, which is behind the cone. The other possibilities 

are u1 which is on the cone itself and u3 which is behind the friction sleeve. Different filter 

positions are shown in Figure 2.8.  

 

Figure 2.8: Different location of pore pressure filter. From Lunne (1997) 

 

Aside from pore pressure, the cone resistance qc and the sleeve friction fs are the two parameters 

that can be derived from measurements. The measurements will occur on electrical strain gauge 

load cells.   

The axial-pressure acting on the tip will be transferred to the upper parts of the cone 

penetrometer via a gauge body with a strain gauge. The transducers must be applied in a way so 

that a possible eccentricity of the load does not affect the results. The transducers should also be 

connected to compensation elements in order to neutralize the effect of changes in temperature. 

The force from the friction sleeve is transferred in the same way as the axial-pressure on the tip; 

that is with a gauge body with compensated strain gauge.   

Due to manufacturing reasons, there are different types of cone penetrometers. They are 

designed in different ways with respect to position of the load cells. In the first type, the sleeve 

friction and cone resistance are measured by two independent load cells. Each of these cells is in 

compression.  
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In the second type the sleeve friction and cone resistance are also measured by two independent 

load cells. But in this type the load cell for sleeve friction is in tension. 

In the third type the load cell for the cone resistance records the load from cone resistance while 

the load cell for the sleeve friction records the load from both sleeve friction and cone resistance. 

The value for sleeve friction is obtained by subtraction of the value of cone resistance measured 

in the load cell from the value of the sleeve friction measured in the other load cell. Due to this, 

this type of cone is also called “subtraction cone”. The advantage with this type of cone is that 

the cone is more sustainable due to its robustness, but in early subtraction cones, several types of 

problems, such as low accuracy of the friction sleeve, were very common. However, these types 

of problems have been solved by improvements in manufacturing details in recent designs.  

All three types of cone penetrometers which have been explained in this section are presented in 

Figure 2.9.   

  

 

Figure 2.9: Design of cone penetrometer. From Lunne (1997)  

a) Cone resistance and sleeve friction load cells in compression   

b) Cone resistance load cell in compression and sleeve friction load cell in tension 

c) Subtraction type 
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2.4.3 Data transfer system 

Several types of data transfer systems are available for both Geotech and Envi. In this section 

each type of system with the associated equipment will be presented. 

 

Geotech Nova with acoustic data transfer 

The measured data is transmitted acoustically from the cone penetrometer to the soil surface, and 

it does not require any cable. The coded data string will be converted to a high frequency acoustic 

signal which will be transmitted up through the steel of the rods to a microphone on the 

penetrometer. Since there is no need for any cable in this system, the usage of the system is less 

difficult, the performance of the system is more accurate and it is more time efficient to use this 

system. Principles of data transmission in acoustic data transfer systems are presented in Figure 

2.10. 

 

 

Figure 2.10: Typical system design for a Geotech Nova with acoustic data transfer system. From Geotech user manual 

 

As presented in the Figure 2.10, signals will be transmitted from the cone penetrometer to the 

interface by a microphone. The depth information will also be transmitted to the interface by a 

depth encoder. Afterwards, all the data is transferred to the logging software in a computer, and 

the results are presented simultaneously in curves and digits on the computers screen.   

 

Geotech Nova with radio wave data transfer 

The principle for the radio wave data transfer system is exactly the same as for the acoustic data 

transfer system. The only thing that differs between these two is that in radio wave data transfer 

systems, the signals will be transferred to the interface by a radio wave receiver instead of a 

microphone. Principles of data transmission in radio wave data transfer systems are presented in 

Figure 2.11. 
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Figure 2.11: Typical system design for a Geotech Nova system with radio wave data transfer system. From Geotech user manual 

 

 

Geotech Nova with memory 

Using cone penetrometers with back up memory in wireless applications is advantageous since it 

can be rather difficult to apply wireless receivers or cables sometimes. Another reason for using 

cone penetrometers with back up memory is that sometimes online data is not required and in 

this case a USB-based memory cone penetrometer can facilitate the synchronization of the 

penetrometer and uploading of saved data. One important factor that has to be considered in this 

case is that the system clocks of the cone penetrometer and the logging computer must be 

synchronized before start of operation.  

 

 

Figure 2.12: Typical system design for a Geotech Nova in an offline application by memory cone penetrometers. From Geotech user 
manual 

 

 

 



26 
 

Geotech Nova with cable data transfer 

In a cable data transfer system, data is transmitted as a digital signal via a cable to the interface. 

The performances of the other devices are exactly the same as for acoustic data transfer systems, 

as presented previously. 

 

 

Figure 2.13: Typical system design for a Geotech Nova system with cable data transfer system. From Geotech user manual 

 

Envi Memocone acoustic mode 

The Memocone acoustic system is a combination of a corded system and a cordless system. The 

system is run with a battery tube as in cordless systems, but a presentation in the form of a real 

time curve is also available on the computer screen as in the corded system. The system is 

equipped with a battery-sound transmitter tube, a microphone and also a BNC cable (five meters 

long). The data package is sent from the sound transmitter inside the battery tube through the 

rods into the microphone, and afterwards the signal is transferred from the microphone to the 

logger. Calibration and zero control before and after every test occur automatically in this system. 

The cone penetrometer is usually delivered with a slot-filter, but porous filter is also available on 

request. The cone penetrometer is also delivered with an inclinometer tilt. 

Envi Memocone corded mode 

The Envi Memocone corded mode consists of a cone penetrometer (1, 5 or 10 ton), a cable tube, 

a cable (30 meters long), a grease cartridge, an O-ring kit, a calibration certificate and a protection 

case. In this system real time presentation of pore pressure, cone resistance, sleeve friction, et 

cetera, is given. The cone penetrometer operates with the cable inside the tubes and only the 

standard cable of the system should be used. Dissipation tests are included in this system, and 

can be performed even during long durations. The calibration, delivery and zero control in this 

system is the same as in acoustic system. 
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Figure 2.14: Construction of cone penetrometer in Memocone corded mode. From Envi user manual 

Envi Memocone cordless mode 

The cone penetrometer in the Memocone cordless system operates without a cable. Instead of a 

cable and a cable tube, it consists of a battery tube and a battery plug. All the results are saved in 

the flash memory inside the cone penetrometer during penetration. Other than this, the system 

works in the same way as the Memocone acoustic mode, in regards to calibration, zero control 

and delivery.  

 

 

 

Figure 2.15: Construction of cone penetrometer in Memocone cordless mode. From Envi user manual 
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2.4.4 Filter 

The function of the filter is to allow movements of extremely small volumes of water in order to 

activate the pressure sensors and at the same time prevent blockage and soil or water ingress into 

the chamber of the cone penetrometer (Larsson, 2007) (Lunne, et al., 1997). 

Different types of filters which can be made from different materials such as plastic, steel and 

ceramic, are available on the market. The most common type of filter in Sweden is the slot filter, 

which is made of sintered stainless steel. Porous filters, made of polypropylene, are also common. 

Both types of filters have advantages and disadvantages. A slot filter can be used several times 

and is more economically viable, while a porous filter is disposable and must be replaced by 

another filter after each penetration. On the other hand, a slot filter is not appropriate for every 

type of soil. For example, during penetration through dense sand a slot filter can be worn due to 

abrasion, which leads to blockage. Also, the openings in the slot filter tend to close off. A porous 

filter survives better in dense sand or gravelly soil and will only shows minor wear. Figure 2.16 

shows the shape and the color of each of these filters.  

 

 

There are some gaps between the cone penetrometer’s different parts. During penetration 

without measurement of pore pressure, the size of a gap should not be larger than ten mm2 and 

during penetration with measurement of pore pressure the corresponding gap should not be 

larger than five mm2. Figure 2.17 illustrates regulations regarding the size of the gaps in different 

cases.  

Figure 2.16  

Left: Slot filter made of sintered stainless steel. Photo by 

C. Kardan, 2014/03/15 

Right: Porous filter made of polypropylene. Photo by C. 

Kardan, 2014/03/15   

 

Figure 2.17: Shape and size of a gap in different cases. From Larsson (2007)  

Left: No measurement of pore pressure 

Center: Measurement of pore pressure, porous filter 

Right: Measurement of pore pressure, slot filter   
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2.4.5 O-rings 

In order to prevent the ingress of dirt, water or soil particles into the body of the device, all 

devices are currently equipped with O-rings. It is also important that these O-rings do not 

transmit any significant loads to the device, since that would cause measurement errors. The O-

rings should not cause any hindrance in the movement of the mechanical parts, since this would 

lead to detrimental effects on the calibration performance of CPTU.  

 

 

Figure 2.18: Different types of O-rings. From Geotech user manual 

 

2.4.6 Operator  

In order to achieve results of the highest quality from a CPTU, well-educated and competent 

operators are required (Sandven, 2009). The quality of CPTU is rather variable around the world 

due to the existing education programs. Some countries do not have any education programs at 

all. Lack of competence and wrong usage of CPTU is one of the most important factors 

influencing the results, and consequently leads to lack of defined assumptions, lack of control of 

obtained results and uncertainties in the achieved results. 

 

2.5 Previous studies 

2.5.1 Lunne, (2002) 

Lunne’s report is divided in three different sub-reports: 

 Characterization and engineering properties of Onsöy Clay 

 Statistical analyses of CPTU data from Onsöy, 20001099-2 

 Field report, 20001099-1  

This work, in which CPTU was carried out by six different organizations, was done for the 

Norwegian Geotechnical Institute (NGI). In total, 9 different types of equipment were used: 

 A.P. v.d. Berg, Coson (Continuous) 
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 A.P. v.d. Berg, Standard (Discontinuous)  

 Geomil, 10 cm2, u1 (Cones with filter in cone tip (u2 =0.77*u1)) 

 Geomil, 10 cm2, u2 

 Geotech 

 Envi 

 Fugro, 10 cm2, u2 

 Fugro, 15 cm2, u2 

 Pagani 

The main purpose of Lunne’s investigation was to evaluate if the requirements for accuracy class 

1 could be met by commercial actors. By requirements for accuracy class 1 is meant requirements 

according to the International Reference Test Procedure (IRTP), which is published by 

International Society for soil Mechanics and Geotechnical Engineering (ISSMGE) in 1999. 

After comprehensive analyses of the achieved results, the following conclusions were established 

by Lunne:    

 Based on the evaluation of variability of the soil conditions at the Onsöy site, the clay at 

this site is very homogenous and uniform, both in vertical and horizontal directions.  

 Due to incomplete saturation, the pore pressure results from some of the equipment did 

not even fulfil the requirements for class 3 of the IRTP. This can be improved by more 

accurate performance by the operator during penetration.  

 In this investigation, all of the CPTUs were evaluated as a group, and it was shown that 

some of the equipment had some systematic errors which lead to the cone resistance, qc, 

exceeding the requirements for class 1 of the IRTP. However, it was not possible to 

determine which equipment had this type of error since it was not possible to determine 

what was the correct value or the right result.  

 Due to false pore pressure values caused by incomplete saturation, the calculated values 

for qt resulted in larger variations, as compared with qc.           

 According to the statistical evaluation done in this investigation, none of the 

penetrometers fulfilled requirements for class 1 of the IRTP. However, it is 

recommended to use “u” instead of “qt” for engineering purposes since the differences in 

the statistical mean values do not vary significantly. 

 All of the penetrometers fulfil the requirements of the IRTP for sleeve friction, even 

though there is a large variation in the measured values. 

 NGI requires modification of the present requirements for accuracy class 1 of the IRTP. 

According to this modification the requirements for the: 

 

 sleeve friction are too slack 

 pore pressure are too tight 

 cone resistance should be reconsidered 

 The requirements for the other accuracy classes were also considered in this survey. 
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2.5.2 Lunne, Robertson and Powell, (1997) 

“Cone Penetration Testing In Geotechnical Practice” might be the most complete publication which 

treats CPT. Every single aspect of CPT, among which are historical background, equipment and 

procedures and standards and specifications, have been discussed in this publication. However, 

this publication is from 1997 and different aspects of CPT, such as regulation and standards, 

have changed since that time. Due to this, the publication is not the most updated paper 

available, but it still has been very useful in this master thesis.  

A large part of the material in chapter two of this master thesis is based on this publication. Some 

of the aspects of CPT which are discussed in this master thesis were also discussed in other 

publications, but (Lunne, et al., 1997) was used to check these other research sources since it has 

discussed each aspect in detail. Also, some of the analyses in chapter four have been based on 

this book; for instance the relation between the rate of penetration, corrected cone resistance and 

undrained shear strength. Based on the discussion of this relation in (Lunne, et al., 1997) an 

analysis has been presented in chapter four, for which conclusions have been presented in 

chapter five 

 

2.5.3 Magnusson, Sällfors and Larsson, (1989) 

This study was about oedometer testing according to the CRS-method. In foundations on clay, it 

is important to know if the clay is overconsolidated, and if so to which extent. This will affect the 

subsidence of the soil and choice of foundation method, and also if any reinforcement is 

required. Due to this, the accuracy of the obtained preconsolidation ratio by oedometer testing 

has to be high. 

In (Magnusson, et al., 1989) field investigations and laboratory testing were performed by 

different commercial actors in order to see if the high accuracy requirements regarding 

preconsolidation ratio would be met. The study was divided into two case studies. In the first 

case, different equipment was used but the results of all of them were analyzed by one laboratory. 

In the second case study, the results from attempts using a specific set of equipment were sent to 

several laboratories for analyses.       

Some of the conclusions drawn by the authors of this paper are presented below: 

 It is possible to obtain undisturbed samples with good quality by the current piston 

samplers on the market for determination of subsidence parameters.  

 Only about half of the commercial actors involved in this investigation delivered samples 

with acceptable quality. 

 It is of interest to pay more attention to giving good instructions to operators and 

improve the current education system.  

 All laboratories delivered, with a few exceptions, satisfactory results.    

 Presentation of the results can be improved for all laboratories.  

The structure of chapters three and four of this master thesis have been heavily inspired by 

(Magnusson, et al., 1989). 
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2.6 Summary of the literature 

The literature survey presented in this master thesis contains every necessary aspect needed for 

practical field investigations. Different types of guidelines have been presented and also the 

requirements of each of these guidelines. This can help operators to note which source is the 

most updated one and which requirements are valid for CPT today. 

The principals of CPT presented in the beginning of this chapter provide a better understanding 

about CPT in general which will make it easier for an observer in the field to understand the 

entire process of the penetration and also to analyze the obtained results. The parts containing 

equipment and test procedures are the most relevant parts to the field investigation. Almost every 

type of equipment presented in this chapter was used during executions in the field, and every 

step of the test procedures were performed by each operator in the field, with a few exceptions.  

Some previous studies that were more comprehensive and relevant to this master thesis were 

presented at the end of this chapter. In two of these, performed field investigations were 

presented. These were used as an inspiration for conduction of field investigations during this 

master thesis.  

However, the practical experience of CPT during field investigations is a bit different from the 

theoretical parts. These differences and their consequences have been discussed in chapter three 

and four in this master thesis.      
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3 Field Study 

3.1 Introduction 

This chapter begins with a presentation of site and soil conditions. After that, a short description 

of the equipment used by each commercial actor involved in this project together with the work 

performed is presented in section 3.3. In the last part of this chapter the data collection and 

processing, with the aid of Excel and Conrad, is presented.     

3.2 Site-related conditions 

3.2.1 Location  

The investigated site is located inside a property of 12 hectares in Hagby, in the north of Täby, 

directly north of route 265 (Norrortsleden), as shown in Figure 3.1. This site is bounded by 

Frestavägen in the west, Skålhamravägen in the east and Norrortsleden in the south. Previous 

filed investigations in this area have been performed by Structor on behalf of E.ON Värme 

Sverige AB, for the construction of a CHP cogeneration plant. During this investigation Structor 

published a document where the outline of geotechnical assessment and interpretations of 

stratigraphy were presented. 

 

 

Figure 3.1: Location of field investigations. Modified from SGU  
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3.2.2 Soil conditions 

 

Topography  

The land within the property is divided in eastern and western subareas, with the investigations 

performed in the western subarea. The land consists mainly of open farmland.  

The western part is mainly comprised of SÖRAB’s recycling center and facility for handling of 

composted soils. The facility consists of approximately three hectares of paved surface. The 

ground level of the paved surface varies between about level +8.5 and +10. There are some 

heaps of compost on the paved surface, with heights varying on a daily basis, but limited to a 

maximum of six meters. On the south of the paved surface, there are some ditches and meadows 

and the embankment of the traffic authority which probably serves as a delay magazine from 

Norrortsleden. There is also some dense forest on the east side of SÖRAB’s entrance, with a 

level surface of +12 to +15. Along the southern edge of the paved surface, the ground rises 

towards an area of solid ground where the surface lies between level +11 to +14.  

 

Geotechnical conditions             

The geotechnical conditions presented in this section are estimated based on: 

 Geotechnical PM- Soil conditions and outlining recommendations regarding foundations 

and excavation by Structor, 2013-10-04 

 Laboratory results from soil sampling at point SMS108, 2013-07-12(Appendix A) 

 Laboratory results from soil sampling at point 14W030, 2014-06-11(Appendix A) 

The fill or the upper layer is humus soil with a thickness of about 0.2 to 0.3 meters. Beneath the 

fill, there is a dry crust layer with a thickness of about 0.6 to 0.8 meters. Dry crust is found on a 

depth of about 0.8 to 1 meter below the surface. Beneath the dry crust, there is a layer of clay 

down to about 12 meters under the ground surface. Based on the estimations from bore holes 

SMS108 and 14E030, the clay can be divided into two types. The upper part has the nature of 

postglacial clay which has higher strength and better deformation ability. The upper part of the 

postglacial clay also consists of gyttja, plant roots and other organic material. Due to this, it has a 

high liquid limit and low density compared with the lower part of the clay. The lower part of the 

postglacial clay is of the type sulphide clay and is bounded at its lower end by the glacial clay. 

Estimation of the relevant layers for CPTU-execution is presented in Table 3-1, also see 

Appendix A. 
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Table 3-1: Soil stratigraphy and soil properties for Conrad evaluation  

Layer ρ(t/m3) wL (%) 

Fill 1.75 45 

Crust 1.7 60 

Organic clay 1.4 110 

Sulphide clay 1.5 75 

Varved clay 1.,65 55 

  

Beneath the glacial clay there is a layer of moraine which is above the bedrock. The thickness of 

the moraine has not been determined for this survey and neither have the properties of the 

bedrock. 

Surface-and groundwater conditions  

The variation of the groundwater table depends on the season and precipitation conditions, but it 

normally can be presumed to be at the same depth as the lower limit of the crust which means 

about 0.5 to 0.8 meters below the ground surface. The exception is in the southeastern parts of 

the area where the water table is estimated to be at a depth of about 3.6 meters below the ground 

surface. Attempted groundwater measurements performed by Structor in the friction soil below 

the clay have shown hydrostatic pressure at depth. The groundwater table has been measured in 

each execution day and the results are presented in Table 6-1 in Appendix B1.                       

          

3.3 Execution of field study  

The field tests were conducted over a six week period, from April 24th 2014 to May 22th 2014. 

During this period, different commercial actors were offered the opportunity to provide their 

equipment and an operator to execute CPTU tests. The equipment used by the actors, along with 

other related information, is presented in Table 3-2. 

 

Table 3-2: Commercial actor’s contribution to this project 

Commercial  
actors 

Cone 
penetrometer 

Pushing 
equipment 

Execution day 

A Envi Memocone GM 75 GT 2014-05-06 

B Geotech Nova GEORIG 604 2014-05-19 

C Envi Memocone 
Geotech Nova 

GM 65 GT 2014-04-29 

D Geotech Nova GEORIG 605 2014-05-06 

E Envi Memocone GM 75 GT 2014-05-22 

 

During execution on the field, a total of 26 CPTU-tests were performed, of which 12 were 

performed using the Envi Memocone penetrometer, and 14 using the Geotech Nova. The 

location of each bore hole is illustrated in the Figure 3.2. 
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Figure 3.2: Location of each bore hole. Drawn by L. Nik 2014/10/07 
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The area for execution was marked by L. Nik and K. Viking during the first visit to the site in 

April 24th 2014.  When all of the tests were performed, the coordinate of the test-points were 

read and scanned with a GNSS by L. Nik in July 2014. 

In order to mark different CPTU-tests performed at the site, some sticks have been used. On 

each one of these sticks there is a code with the year of the penetration, the letter assigned to the 

company in charge for the penetration and the number of the test-point. Figure 3.3 explains 

different notations in the code. 

 

 

 

 

3.3.1 Equipment used 

 

Equipment used by Commercial actor A 

The pushing equipment (rig) used by Commercial actor A was a GM 75 GT, manufactured by 

the Finnish company Geomachine Oy. This machine is a multi-purpose mid-size soil 

investigation rig for all major geotechnical drillings; such as ground water pipes, all types of 

sampling, casing pipe drilling, percussion drilling, SPT, CPT and CPTU. More information such 

as dimensions, undercarriage and power pack, mast, main standards and optional items is 

presented in Appendix C1. 

The cone penetrometer used by Commercial actor A was an Envi Memocone with the cone 

penetrometer registration number 30161. The calibration protocol of this cone is attached in 

Appendix B2. 

For all penetrations performed by Commercial actor A a slot filter has been used, together with 

Envi-oil as a fluid and grease. 

 

 

 

Figure 3.3: Explanation of the code-system   
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Equipment used by Commercial actor B  

The pushing equipment used by Commercial actor B was a Georig 604, which is a crawler 

mounted rig designed for penetration in Scandinavia. This machine is manufactured by the 

Swedish company Geotech. This rig is designed so that it can perform very light methods like 

weight sounding and vane test to heavy methods like soil rock drilling. Other technical 

specifications of the Georig 604 are presented in Appendix C3. 

The cone penetrometer used by Commercial actor B was a Geotech Nova with the cone 

penetrometer registration number 4684. The calibration protocol of this cone is attached in 

Appendix B3.          

During penetration, the operator from Commercial actor B performed tests with different types 

of filters and also different types of fluid. Also see section 3.3.2. 

 

Equipment used by Commercial actor C      

Pushing equipment GM 65 GT is also manufactured by Geomachine Oy. It has the same 

mechanism and the same function as GM 75 GT, but is a bit smaller. More information about 

the GM 65 GT is found in Appendix C2.   

Commercial actor C offered the opportunity to perform penetration with two different cone 

penetrometers. One was an Envi Memocone with the registration number 51164 and the other 

was a Geotech Nova with registration number 4545. The calibration protocols for both of these 

penetrometers are attached in Appendix B4.  

Different combinations of filters and fluids were used by the operator in charge. Also see section 

3.3.2. 

 

Equipment used by Commercial actor D 

Pushing equipment Georig 605 is also manufactured by Geotech. This machine differs slightly 

from Georig 604 in dimensions and power but it has the same functionality. Technical 

specifications of Georig 605 are presented in Appendix C4.  

The cone penetrometer used by Commercial actor D was Geotech Nova with the cone 

penetrometer registration number 4403. The calibration protocol of this cone is attached in 

Appendix B5.           

For all penetrations performed by Commercial actor D, a slot filter has been used together with 

hydraulic oil as fluid and grease. 

 

Equipment used by Commercial actor E 
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Commercial actor E used a GM 75 GT as pushing equipment and an Envi Memocone 

penetrometer with the registration number 51153 as a cone penetrometer. This equipment has 

been presented previously and the technical specifications for the pushing equipment together 

with the calibration protocol for the cone penetrometer have been attached in Appendix C1 and 

B6, respectively.    

For all penetrations performed by Commercial actor E, a slot filter was used together with Envi-

oil as fluid and grease. 

    

3.3.2 Work performed  

 

Worked performed by Commercial actor A, May 6th 2014 

On May 6th 2014 the operator from Commercial actor A performed CPTU in the field. The work 

started at 07:00 and the last CPTU was completed at 15:30. In total, 9 CPTU were performed 

during this time. The registration of zero values was performed by using a cable in all cases.  

The following CPTU were performed without any pre-drilling: 

 14A005 

 14A006 

 14A007 

 14A008 

 14A016 

 

For the other penetrations, pre-drilling was performed before start of CPTU. Following the pre-

drilling, the holes were filled with water in order to stabilize the temperature of the cone 

penetrometer. This process was performed for the following penetrations: 

 14A009 

 14A010 

 14A011 

 14A012 

 

During penetration for the first bore hole, 14A005, the operator in charge explained that his 

equipment was missing an inclinometer, which means that the registration of verticality during 

penetration was not possible. This is also confirmed in the calibration protocol of the cone 

penetrometer.    
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Figure 3.4. Calibration protocol for the cone penetrometer 30161, the red rectangle shows the lack of inclinometer. Photo by C. 
Kardan, 2014/05/06 

 

The rates of penetration varied from case to case but in most of the cases the rate of penetration 

differs more than what is allowable according to the European standard, which is 20 mm/s (± 

5mm/s), see Figure 3.5. To see graphs of penetration 

rates, please check Appendix D8.   

 

 

 

 

 

 

 

 

 

Figure 3.5. Large exceeding of allowable penetration rate for bore hole 
14A012. Photo by C. Kardan, 2014/05/06  
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After the 3rd CPTU-test the operator noticed 

that the charge in the batteries inside the cone 

penetrometer was low, and the batteries were 

changed. 

In the middle of the day, when half the work 

was completed, the operator in charge decided 

to perform the other CPTUs without 

unscrewing and relieving the push rods, in 

order to make the process more effective. The 

rods were still assembled and hanging in the 

air while he drove the pushing equipment, see 

Figure 3.6. 

 

 

 

 

 

 

 

 

 

Figure 3.6. Photo by C. Kardan, 2014/05/06 

    

Work performed by Commercial actor B, May 19th 2014 

On May 19th 2014 the operator from Commercial actor B performed CPTU in the field. The 

work started at 07:00 and the last CPTU was completed at 16:00. In total, six CPTU were 

performed during this time. The registration of zero values was performed by using a 

microphone in all cases.  

The operator took a note of every detail in a notebook. These notes were very useful for a later 

double check, where the author could verify that all important factors were considered during the 

penetrations. The usage of an acoustic data transfer system with a microphone made it possible 

to observe the penetration process directly on the computer screen. 

As explained in section 3.3.1, the operator from Commercial actor B used different types of filter 

sand fluids for each penetration attempt. The operator also offered the opportunity to perform 

dissipation tests for some of the attempts, which was an offer that was accepted. Table 3-3 

explains the details in the different attempts. 
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Table 3-3: Different types of filter and fluid used by Commercial actor B. 

Penetration code Type of filter Fluid Dissipation test 

14B021 Slot filter Envi-oil Performed 

14B022 Porous filter Glycerin Performed 

14B023 Slot filter Water Performed 

14B024 Slot filter Water - 

14B025 Porous filter Glycerin - 

14B026 Porous filter Glycerin - 

 

The operator in charge from Commercial actor B performed pre-drilling before each CPTU. In 

the cases where porous filter and glycerin were used, use was made of a bucket filled with 

glycerin. The cone and the filter were placed inside the bucket and the entire mounting process 

was performed inside the bucket in order to avoid ingress of bubbles inside the chamber. The 

cone penetrometer was placed in another bucket filled with water in order to stabilize its 

temperature. 

 

 

 

 

 

 

 

 

In the cases where water was used as fluid, another bucket was used, but this time filled with 

water. The slot filter was mounted on the cone and the cone was filled up with grease. Afterward 

the operator placed the cone with filter inside the bucket and mounted them on the 

penetrometer. While the penetrometer was placed in the bucket with water, temperature 

stabilization was also performed in the same way as for the previous case.  

 

   

 

      

  

 

 

Figure 3.7. Performance of operator from commercial actor B during usage of porous filter and glycerin. All photos by 

C. Kardan, 2014/05/19 

Figure 3.8. Performance of operator from commercial actor B during usage of slot filter and water. All photos by C. 
Kardan, 2014/05/19 
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After test 14B023 was executed, the operator noticed that there was no water left inside the 

chamber after execution of the test. The same check  was done for test 14B024 but this time, 

there was a little water left inside the chamber. 

After each test, the operator took some time to clean the cone and the penetrometer for the next 

penetration. The time for the cleaning process took about 10 to 15 minutes. During this time the 

inner and outer part of the cone and the inside of the chamber of the penetrometer were cleaned. 

The operator also carefully checked the cone for any damage.     

 

 

Worked performed by Commercial actor C, April 29th 2014 

On April 29th 2014 the operator from Commercial actor C performed CPTU in the field. The 

work started at 07:00 and the last CPTU was completed at 19:00. In total, four CPTU were 

performed during this time. Pre-drilling was performed in all cases. Temperature stabilization was 

performed for all attempts by filling the hole with water and letting the penetrometer stay in the 

filled hole for a while.  

The operator from Commercial actor C used a variation of different cone penetrometers and 

different types of filters and fluids, which are presented in Table 3-4. He mentioned that the 

porous filter could not be used with the Envi Memocone penetrometer, since it cannot be fitted 

between the cone and the friction sleeve.   

 

 

 

 

 

Figure 3.9. Cleaning of the cone and penetrometer by operator from commercial actor B. All photos by C. Kardan, 2014/05/19  
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Table 3-4: Variation in type of cone, filter and fluids by Commercial actor C. 

Penetration code Type of cone Type of filter Fluid 

14C001 Envi Memocone Slot filter Envi-oil 

14C002 Geotech Nova Porous filter Glycerin 

14C003 Envi Memocone Slot filter Envi-oil 

14C004 Geotech Nova Slot filter Envi-oil 

  

For the test 14C001 and 14C003 a cable was used for registration of zero values. In both cases 

Slot filter and Envi-oil were used. The operator filled up the inner part of the cone with grease 

and the chamber of the penetrometer with Envi-oil. Afterward he mounted the cone into the 

penetrometer. He pointed out that the cone should not be tightened to the penetrometer hardly 

since the friction sleeve should be able to easily move up and down without any hindrance. The 

operator was not able to see any curves on his screen since all data were collected on the memory 

inside the cone penetrometer.  For the test 14C002 and 14C004, the performance of the operator 

was exactly in the same way as for 14C001 and 14C003. He filled up the cone with grease and 

mounted it on the penetrometer. The only difference was that in case 14C002, he used a porous 

filter and glycerin as a fluid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10. Mounting of cone on the penetrometer by operator from commercial actor C. All photos by C. Kardan, 2014/04/29 
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During the first penetration with the Geotech Nova, the operator could not connect the 

penetrometer to the logger program on the computer. It was simply not possible to synchronize 

the cone penetrometer to the computer. He called a technician to get some help and found out 

that there was something wrong with the microphone. In order to solve the problem, the 

operator from Commercial actor C left the field during the lunch break to bring another 

microphone. After his return, he tried to perform the penetration with the same equipment but 

new microphone. However, the problem was still not solved and the penetrometer could not be 

synchronized with the computer program. With the problem remaining, the operator made a 

phone call again. A technician came to the field to solve the problem. After about one hour, he 

noticed that a cable connected to the computer from the microphone was corroded due to water 

leakage. He tried to fix the cable and after that the operator from Commercial actor C performed 

two penetrations at points 14C002 and 14C004 with this equipment. However, he could not see 

any curves on his screen to follow the process even though the system was equipped with a 

microphone. Afterwards, it was found that no data had been registered for the bore holes 

14C002 and 14C004. Due to this no analyses have been considered for these two points.           

 

Work performed by Commercial actor D, May 6th 2014 

On May 6th 2014 the operator from Commercial actor D performed CPTU in the field. The work 

started at 12:45 and the last CPTU was completed at 16:30. In total, four CPTU were performed 

during this time. The registration of zero values was performed by using a microphone in all 

cases.  

Pre-drilling was performed in all cases. After pre-drilling, the operator filled up the pre-drilled 

hole with water and let the penetrometer stay in the water for a while in order to stabilize the 

temperature of the cone penetrometer. He also commented that there was no need for 

temperature regulation on that day since the temperature outside was 6° C, which he believed 

was an appropriate temperature for the execution of CPTU.    

As explained in section 3.3.1, Equipment used, the operator used a Geotech Nova cone 

penetrometer with a slot filter and hydraulic oil. He filled up the inner part of the cone with 

grease and the chamber of the penetrometer with hydraulic oil. Afterward he mounted the cone 

on the penetrometer.    
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During penetration in point 14D020, the operator noticed on his computer screen that the sleeve 

friction curve showed negative values. He stopped the penetration and took out the 

penetrometer from the hole and restarted the entire process. He started by cleaning up the cone 

and the penetrometer and prepared it for another attempt. He pointed out that the advantage of 

using acoustic data transfer systems is that the penetration process can be followed on the screen, 

and if anything goes wrong, the penetration can be stopped and the error can be corrected 

immediately.      

After each test, the operator took about five to ten minutes to clean the cone and the 

penetrometer for the next penetration. During this cleaning process the inner and the outer part 

of the cone and the area around the O-rings and also inside the chamber of the penetrometer 

were cleaned. 

 

 

Figure 3.12. Cleaning of the penetrometer by operator from commercial actor D. Photo by C. Kardan, 2014/05/06 

Figure 3.11. Preparation of penetrometer by operator from 
commercial actor D. All photos by C. Kardan, 2014/05/06 
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Work performed by Commercial actor E, May 22th 2014 

On May 22th 2014 the operator from Commercial actor E performed CPTU in the field. 

However, he started the day by performing a sampling piston test at point 14E030. He started at 

07.00 and performed the test in five different depths. The samples were afterward sent to Sweco 

Geolab for laboratory investigations. The results of these samples were used as a basis to identify 

different soil layers and the properties of each layer as well as input for Conrad analysis. The 

sampling piston test weas finished before the lunch break.     

After the lunch break, he started to perform CPTU. In total, 3 CPTU were performed before 

16:00, when the work day was concluded. Pre-drilling was performed in all cases and the zero 

values were registered by a cable. The equipment used by this operator was an Envi Memocone 

with a slot filter and Envi-oil, and the preparation of the penetrometer by him did not differ from 

the other engineers. He started by filling up the inner part of the cone with grease and the 

chamber of the penetrometer with Envi-oil and after that, he mounted the cone into the 

penetrometer. During penetration at point 14E028 the operator forgot to unlock the lower lock 

of the pushing equipment at level +9.2. The consequence of this mistake has been discussed in 

section 4.2.3.  

 

 

 

 

 

 

 

 

 

Figure 3.13. Preparation of penetrometer by operator from commercial actor E. All photos by C, Kardan, 2014/05/22 
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3.4 Data collection and processing 

During each penetration, the following parameters were registered: 

 Penetration depth, z  

 Uncorrected cone resistance, qc  

 Uncorrected sleeve friction, fs  

 Excess pore pressure, Δu2 

 Penetration rate 

 Angle describing curvature of failure line, α (This parameter was registered for four of 

five Commercial actors. Due to this no analysis were performed based on it) 

These parameters and their graphs were studied in the software Edison, which is a viewer 

software. The processing of data was performed in two different ways. One of them was 

calculation in Microsoft Excel and graphical presentation in Grapher, and the other analysis with 

the aid of Conrad. The evaluation done with Excel was performed using the same equations 

which Conrad uses in its calculations. Thus, Excel was used to check if Conrad itself has any 

systematic errors that can affect the results.   

 

3.4.1 Data processing by Excel    

The values for each parameter were exported from Edison and opened using Excel. The interval 

of reading parameters was different depending on the type of cone used. In cases where Geotech 

Nova was used the interval of reading was 20 mm, and in cases where Envi Memocone was used, 

the interval of reading was 10 mm. Based on this, a larger number of values was registered by 

Envi Memocone equipment. However, the interval of reading by a Geotech Nova penetrometer 

was performed accurately since it never differed from 20 mm, while for Envi Memocone the 

interval of readings varies in all cases, sometimes including readings being missed in points. 

The calculation phase was started by calculating the pore pressure (u2). The pore pressure is the 

sum of the excess pore pressure (Δu2) and the initial pore pressure (u0) according to equation 1 in 

section 2.3.3. For the initial pore pressure hydrostatic condition was assumed. Afterward the 

corrected cone resistance (qt) and the corrected sleeve friction (ft) were calculated according to 

equation 7 in section 2.3.3.  

 

Table 3-5: Area factors of each cone penetrometer from calibration protocol. 

 Commercial 
actor A, 

Envi 
Memocone 

30161 

Commercial 
actor B, 
Geotech 

Nova 
4684 

Commercial 
actor C, 
Geotech 

Nova 
4545 

Commercial 
actor C,  

Envi 
Memocone 

51164 

Commercial 
actor D, 
Geotech 

Nova 
4403 

Commercial 
actor E, 

Envi 
Memocone 

51153 

Area factor 
(a) 

0.7 0.828 0.858 0.71 0.845 0.7 

Area factor 
(b) 

0.005 0 0 0.006 0 0.005 
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In order to calculate the undrained shear strength (τ) using the corrected cone resistance (qt), the 

total overburden stress (σvo) and the liquid limit (wL) of each layer have to be known. The 

overburden stress was calculated using the density from the laboratory tests. The density of each 

layer and the liquid limit for each layer are presented in Table 3-1. The undrained shear strength 

was thereafter calculated as (SGI, 2010): 

 

τ =  
𝑞𝑡 − 𝜎𝑣0

13,4 + 6,65 ∗ 𝑤𝐿
                                                (11) 

Where 

τ = Undrained shear strength  

σvo = Total overburden stress                   

wL = Liquid limit 

qt = Corrected cone resistance   

For all the analyzed parameters, graphical presentation using the software Grapher was 

performed. For each of the following parameters, one graph has been presented for each 

commercial actor: 

 Excess pore pressure, Δu2   

 Generated pore pressure, u2 

 Uncorrected cone resistance, qc 

 Corrected cone resistance, qt  

 Uncorrected sleeve friction, fs 

 Corrected sleeve friction, ft  

 Undrained shear strength, τ 

 Rate of penetration  

Since the interesting part of the graphical presentation is clay, all of the graphs were limited to the 

depth of twelve meters beneath the ground surface.     

  

3.4.2 Data processing by Conrad 
Evaluation by Conrad is different compared with what has been discussed in the previous 

section. In the evaluation performed using Conrad, different types of input values were used.  

Input values were, for example, ground water level and depth of pre-drilling, reference 

measurements, last date of calibration, area factors, pore pressure measurements, dissipation tests 

and depth of soil layers.  
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It is of value to mention that the reference measurements achieved during penetration by a 

Geoetch Nova penetrometer are automatically transferred to Conrad as opposed to using an 

Envi Memocone, for which input values have to be specified manually. 

The three most important input values in the Conrad evaluation, which influence the undrained 

shear strength as explained in equation 11, are:  

 Corrected cone resistance 

 Liquid limit 

 Axial stress 

 

In all of the evaluations done in this master thesis the crosstalk values and the internal 

coefficients were neglected.  
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4 Results and Discussion 

4.1 Introduction 

In this chapter the results and analyses of this master thesis is presented. This chapter is divided 

into three sections. The analyses in each section are based on the corresponding factors of 

uncertainties, which were presented in the beginning section 1.2. The first section in this chapter 

treats performance related factors, where the main focus is on accuracy in the executed work in 

the field. The next section treats equipment related factors, such as choice of cone penetrometer, 

filter, et cetera. The last part of this chapter treats evaluation factors. In this chapter, evaluations 

of undrained shear strength are presented and a comparison of the results acquired through the 

use of Excel and Conrad is made. References to the appendix have been made in all three 

sections. References have especially been made to appendix D where the graphical presentations 

from Grapher are presented.    

 

4.2 Results and analyses based on performance related factors 

4.2.1 Results 

In Appendix D1, the results for the uncorrected sleeve frictions have been illustrated. In the first 

illustration, the results achieved from Commercial actor A have been presented, as shown in 

Figure 4.1. As is shown, there is a large variation in the curves presented in this illustration. This 

makes it difficult to understand which of them are nearest to the “right answer” in reality.  

 

Figure 4.1: Uncorrected sleeve friction, Commercial actor A. 
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Due to this, a comparison of mean values from results of every commercial actor has been made, 

as shown in Figure 4.2. In this graph, the curve “Commercial actor A1” represents the penetrations 

performed by Commercial actor A without predrilling. This curve shows much higher values of 

friction than the other curves, mainly from the depth of two meters to the depth of six meters, 

after which the curve starts straightening out. The curve “Commercial actor A2” represents the 

penetrations performed by Commercial actor A with predrilling. As can be seen, this curve does 

not have a satisfying shape since it indicates negative sleeve friction. 

When comparing the results achieved by Commercial actor A with the results from other 

commercial actors, it can be observed that the results from bore holes 14A009 and 14A012 are 

the most accurate and the closest to a “right answer”. The curves for bore holes 14A010 and 

14A011 are completely unsatisfying; all the penetrations without predrilling tend to show values 

which are too high. 

 

 

 

Figure 4.2: Mean sleeve frictions, all Commercial actors. 
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Figure 4.3 shows that the results from the different penetrations are in higher agreement with 

each other. This can be explained by the cleaning process performed by the operator from 

Commercial actor B. As explained in section 3.3.2, the operator from Commercial actor B 

performed a cleaning process after each penetration. This prohibits the ingress of soil and other 

particles into the friction sleeve and leads to more accurate results in uncorrected sleeve frictions.  

 

 

Figure 4.3: Uncorrected sleeve friction, Commercial actor B. 
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The same cleaning process was performed by the operator from Commercial actor D. The fourth 

figure in Appendix D1 shows the result. As the figure shows, the results from the different 

penetrations, with the exception of bore hole 14D017, are in high agreement with each other.  

The third illustration in appendix D1 is the results achieved by Commercial actor C. In this 

illustration, there is a distance between the two presented curves even though both of them have 

approximately the same shape. Also, at bore hole 14C001, no values have been recorded from 

depth two meters to depth six and a half meters. The same problem of non-registration, but for a 

different depth interval, can be seen in the results for Commercial actor E, for bore holes 14E028 

and 14E029. Figure 4.4 illustrates this. 

 

 

Figure 4.4: Uncorrected sleeve friction, Commercial actor E. 
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Also, for Commercial factors C and E, all these curves are displaced to the negative side of the 

scale when corrected for the effect of pore pressure. This is illustrated in the corresponding 

illustrations of corrected sleeve friction for each commercial actor; see Appendix D2. An 

example is shown for Commercial actor C, see Figure 4.5. 

 

 

 

Figure 4.5: Corrected sleeve friction, Commercial actor C. 
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4.2.2 Analyses and discussion 

Sleeve friction is generally less accurate than cone resistance or pore pressure. One common 

problem regarding accuracy in sleeve friction is that the values attained can be negative. In most 

cases this occurs after correction (ft), but in some cases it may occur before correction (fs). This 

problem has also been observed in the results in this project. For an illustration of this, see Figure 

4.6 and Appendices D1 and D2. 

 

Figure 4.6: The grey rectangle illustrates the critical zone where sleeve friction obtains negative values. 

 

One factor that is very important and has a direct effect on sleeve friction is that the friction 

sleeve of the penetrometer can move easily without any hindrances or stoppages. This requires 

that after each penetration the cone penetrometer should be cleaned up and checked for damage. 

Special attention should be paid to cleaning the inner part of the chamber and also the area 

around the O-rings due to ingress of soil particles. When the penetrometer is prepared for the 

next penetration the cone should be tightened to the penetrometer, but not tight enough to cause 

any hindrance in friction sleeve movement. 

The explanation for the distance between the curves in the results for Commercial actor C, as 

shown on the previous page in Figure 4.5, is again a matter of proper cleaning of the equipment; 

the cleaning process was not performed thoroughly enough. In addition, this problem was 
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impossible to detect on site since the equipment did not allow for on-screen visualization of the 

penetration process. The error was found at a later stage in the processing of the data.     

In general, the uncertainties in the pore pressures and excess pore pressures are very few 

compared to the two other parameters. As explained in section 2.3, saturation is the factor which 

has the most effect on results in pore pressure measurements. In different articles and 

publications i.a. Influence of test equipment and proceduces on obtained accuracy in CPTU (Sandven, 2009) 

and Quality of CPTU (Lunne, 2002) the importance of saturation and its effects on the results of 

the pore pressure measurements have been discussed. Some new outlines have also been 

suggested in the proposal part of these publications regarding accuracy requirements in 

measurement of pore pressures with respect to the different CPTU classes.  

However, even though saturation by different operators were performed in different ways in this 

study, the results of measurements in pore pressures and excess pore pressures do not differ 

significantly. 

According to Lunne (Lunne, 2002) the pore pressure of a CPTU is equal to 80 % of the 

corrected cone resistance of the same CPTU. This fact is valid for most of the cases which have 

been studied in this master thesis.  

In Appendix D4, the first figure, for Commercial actor A, shows that the results for the cases 

without predrilling differ from the results for the cases with predrilling. Furthermore, the results 

for cases with predrilling from Commercial actor A differ from the results with predrilling for 

other actors. The significance of pre-drilling for accurate results in pore pressure measurements 

further highlights the importance of predrilling during CPTU in general. The results for pore 

pressure and excess pore pressure from the other commercial actors have no uncertainties. The 

curves for pore pressure and corrected cone resistance for these actors are very similar and fulfill 

the 80 % requirement which has been explained previously. 

The mean value for pore pressure for those cases that are performed accurately is approximately 

80 % of the mean value of the corrected cone resistance for the corresponding case. This can be 

confirmed by comparing the illustrations for pore pressure and corrected cone resistance from 

Commercial actor A in Appendix D4 and D6, and also by comparing the mean values for these 

parameters in Appendix D9. For example, the mean value for pore pressure from Commercial 

actor A is about 470 kPa at the depth of twelve meters, which is approximately 80 % of 580 kPa; 

the corresponding value for the cone resistance. 

The results from Commercial actor B also confirm this fact. For all the CPTU performed by 

Commercial actor B the value for pore pressure is equal to 80 % of the value for corrected cone 

resistance for the same case. The only difference in the results from Commercial actor B is bore 

hole 14B021, which differs a bit from the other cases both in illustration for excess pore pressure 

and illustration for pore pressure; see Appendices D3 and D4. This deviation is discussed in 

section 4.3. 
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Figure 4.7: Pore pressure equal to 80% of corrected cone resistance. 

Figure 4.7 illustrates the 80 % ratio between pore pressure and corrected cone resistance, for 

Commercial actor C, bore hole 14C003. 

The curves for cone resistances are more similar compared to the curves for sleeve friction, for 

all actors. Even after correction for the effect of pore pressure, the curves remain similar retain 

the same shape as they had before the correction. These graphs can be seen in the illustrations in 

Appendices D5 and D6. However, there are still some uncertainties in cone resistances that have 

been observed and analyzed.  

One problem which is very common in the illustrations for both corrected and uncorrected cone 

resistance is that distinct spikes occur in the curves. This phenomenon can be explained in three 

different ways. 

One explanation could be that a thin layer of sand or silt is encountered in the clay. If several 

CPTU are performed accurately in the same area, then the sand or silt should be identifiable in 

the results from all penetrations. A larger force is required to penetrate a layer of silt or sand 

compared with the force required to penetrate clay, and due to this the curve will show higher 

values for cone resistance, which results spikes occurring in the illustration. Figure 4.8 shows an 

example of this. 
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Figure 4.8: Illustration of sand or silt layer. 

Another explanation is the lack of accuracy in the performance of the operator during 

penetration. The most common problem of this type is when the operator in charge forgets to 

unlock the lower lock of the pushing equipment before starting the penetration. This leads to a 

sudden movement downward instead of a gradually increasing speed of penetration, and will 

directly affect the cone resistance curve.  During penetration in bore hole 14E028, the operator 

forgot to unlock the lower lock at the depth of 9.2 meters. The change in the corresponding 

curve is illustrated in Figure 4.9 and also in Appendix D5. Also, this type of peak can appear 

during the mounting of a new push rod. However, when this occurrence is obvious, it is normally 

filtered out of the results. 

 

Figure 4.9: Bore hole 14E028 at depth 9.2 meters. 
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The third explanation for spikes in curves is when a dissipation test is performed. During a 

dissipation test the penetrometer is kept in the same position for about five to ten minutes, after 

which time it will be pushed downward. During the start of the dissipation test a spike can appear 

in the corresponding curve. This can also be seen on the computer screen during penetration. 

The operator from Commercial actor B performed dissipation tests in three of six penetrations, 

and the spikes in the curves due to these tests can be observed in the illustration of uncorrected 

cone resistance from Commercial actor B in appendix D5. Figure 4.10 shows an example of this. 

 

 

Figure 4.10: Illustration of spikes in curves due to dissipation tests, Commercial actor B.  
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4.3 Results and analysis based on equipment related factors  

 

In section 4.2 the effect of performance related factors on the results were presented. In this 

section, the effect of equipment related factors on the results will be treated. Aspects which will 

be discussed include design of cone, choice of filter, choice of fluid and penetration rate. 

An important factor that affects the results, enough that the difference between uncorrected and 

corrected sleeve friction can be large, is the design of the cone penetrometer. Depending on the 

design of the cone penetrometer, the area factors of a cone penetrometer can be changed. 

According to equation 7, the area factor b is the coefficient for pore pressure. As previously 

mentioned, the area factors are used in the calculations performed with Conrad and Excel. 

The pore pressures obtained in CPT:s are much larger than the uncorrected sleeve frictions. 

Some of the cone penetrometers used in investigations in this master thesis had a b-factor equal 

to zero, which leads to the effect of the pore pressure on corrected sleeve friction also being 

equal to zero. This minimizes the difference between uncorrected and corrected sleeve friction. 

The figures in Appendix D1 and D2 confirm this fact. As is shown in this appendix, the changes 

in corrected sleeve friction, compared with uncorrected sleeve friction, is smaller for Commercial 

actors B and D, than for the other Commercial actors. Figure 4.11 illustrates this. 

 

Figure 4.11: Uncorrected (left) and corrected (right) sleeve friction for Commercial actor B. Area factor b = 0. 
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For the other actors, the area factor b is equal to 0.005 and 0.006. Even though these values are 

very small, their effect, together with the effect of pore pressure, on the uncorrected sleeve 

friction can be large. In some cases even larger than the value of the uncorrected sleeve frictions, 

which will result in negative values for the corrected sleeve friction. This can be observed by 

comparing the corrected and uncorrected sleeve friction illustrations from Commercial actors A, 

C and E, see Appendices D1 and D2. Figure 4.12 illustrates this. 

 

 

 

 

 

 

 

 

 

 

Figure 4.12: Uncorrected (left) and corrected (right) sleeve friction for Commercial actor C. Area factor b = 0.006. 
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The penetration at borehole 14D020 was interrupted and restarted as 14D020b since the curve 

for the uncorrected sleeve friction was on the negative side of the graph. The reason that such a 

correction was possible on site was that the system was equipped with acoustic data transfer, 

which enables the operator to follow the entire process of penetration on the screen. In the cases 

where a cable system was used, this correction was not possible. Due to this, sleeve friction for 

these cases acquired negative values. 

 

The choice of filter and liquid is of importance for the pore pressure results. In the illustration of 

pore pressure for commercial actor B, shown in Figure 4.13, the curve representing bore hole 

14B021 shows higher values than the other curves. The choice of filter and fluid might be an 

explanation for this, since 14B021 is the only bore hole from Commercial actor B with a 

combination of slot filter and Envi-oil. The operator commented that CPTU with water or with 

glycerin provides a faster response in the excess pore water pressure curve, compared with CPTU 

with oil. Due to this, the curves in cases where water or glycerin have been used are more jagged. 

This fact was also considered by the author during penetration. The fact that CPTU with water or 

glycerin provides a faster response in excess water pressure is reasonable, since oil has a higher 

viscosity compared to glycerin and water. This can affect the shape of the curve but may also 

yield differences in results. However, the deviation observed in 14B021 is small enough to be 

neglected, depending on the required CPT class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13: The curve representing pore pressure for bore hole 14B021 
differs from the other curves. 
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One observation made by the operator from Commercial actor B was that in the cases in which 

water was used as fluid there was no water left in the chamber after penetration had been 

completed. This fact did not affect the results for these specific cases, which was a little confusing 

for the author. The amount of water inside the chamber should not be changed because it can 

directly affect the pressure on the sensors inside the cone penetrometer, which leads to an effect 

on the results. However, the results were not affected in this case and this will not be discussed 

further in this master thesis. 

As presented in section 3.3.1 and in Table 6-1 in Appendix B1, it is more convenient to use slot 

filter and oil; slot filter since it is economically profitable and oil since it is time effective 

compared to other fluids. Other types of fluids and filters were used in investigations in this 

master thesis and the only difference was a change in how jagged the curves are. Based on this it 

can be considered that the choice of fluids and filters does not have any significant effect on the 

results of pore pressure measurement. However, the execution of CPTU in this master thesis was 

conducted during summer. The change in weather and temperature in other seasons may cause 

other conditions, for instance in ground water level, which might have an impact on the pore 

pressure results.       

 

The impact of the equipment on the cone resistance results is more obvious compared with the 

impact on pore pressure or friction sleeve results. The variation in functionality and options 

among different equipment has a direct impact on cone resistance results. As explained in section 

2.3.4, the allowable penetration rate is 20 mm/s with a deviation of 5 mm/s. The question now 

is, how does the functionality of the equipment affect the control of penetration rate during 

penetration?  
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Those of the operators who used a Geotech as a penetrometer had the possibility to let the 

software handle the penetration rate automatically, while the others had to handle it manually. 

The differences in results are significant. Commercial actors B and D had access to a Geotech 

penetrometer. It can be observed in Appendix D8 that the penetration rate for Commercial actor 

B varies between 19 and 21 mm/s. For Commercial actor D this rate varies between 18 and 22 

mm/s, with a few exceptions. The precision can be observed in the left part of Figure 4.8, in 

which it can be observed that the penetration rate is virtually the same for all bore holes for 

Commercial actor B. From the results of the other commercial actors (right part of Figure 4.14) it 

can be observed that there is a much larger variation in penetration rate. The disparity in the 

penetration interval is much larger, and in some cases the limit for the penetration rate has been 

exceeded. This highlights the great advantage it is to have access to equipment which allows for 

automatic handling of penetration rate.      

 

 

 

 

 

 

 

Figure 4.14: Comparison of penetration rate. Left: Performed automatically by the software, Commercial actor B. Right: 
Performed manually by the operator, Commercial actor A  
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An increase in the penetration rate will directly affect the cone resistance, both uncorrected and 

after correction for the effect of pore pressure, leading to an increase. A good example of this 

fact is curve 14A007 (light blue). The penetration rate for bore hole 14A007 exceeded the 

allowable interval for penetration rate. The rate was about 28-30 mm/s, which is way above the 

limit. As a consequence, the curves for uncorrected and corrected cone resistances representing 

14A007 show larger values. However, the illustration of the penetration rate on the computer 

screen during penetration is independent of type the equipment and can always be monitored 

during work. Due to this, these types of uncertainties can easily be prevented by the operator 

during penetration. Figure 4.15 shows the effect of too high a penetration on the corrected cone 

resistance. Also see Appendices D6 and D8. 

 

 

 

 

 

 

 

 

Figure 4.15: The effect of penetration rate (left) on corrected cone resistance (right). 
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4.4 Comparison of results and evaluations from Excel and Conrad 

4.4.1 Evaluations by Excel 

In the investigations performed in this master thesis, the density for calculation of axial stress and 

liquid limit for each layer is the same for all CPTU performed since all CPTU were performed at 

the same site. Based on this, the only variable which can change the results of undrained shear 

strength is the corrected cone resistance achieved by the commercial actors. The same differences 

that exist between the results of corrected cone resistance from all penetrations exist also in the 

results for the undrained shear strength. If the results of the commercial actors are compared it 

can observed that no commercial actor has obtained similar results as another actor. 

The variation in the results of undrained shear strength achieved by Commercial actor A is large, 

as is the variation in results of corrected cone resistance for the same actor. The undrained shear 

strength results achieved by Commercial actor A at the depth of 12 meters vary between 15 and 

27.5 kPa. The results from Commercial actors B and C at the same depth vary between 20 and 25 

kPa. The result from Commercial actors D and E at the same depth vary between 15 and 20 kPa, 

and 25 and 27.5 kPa, respectively. Figure 4.16 illustrates the variation in undrained shear strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16: Large difference in the undrained shear strength achieved by different 
actors. 
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One explanation for these types of uncertainties might be some sort of error in the cone 

penetrometers, since the limit for calibration for some of the penetrometers was exceeded. But if 

this assumption is true, it is quite complicated to identify which curve or which result is the right 

one, since an ideal cone penetrometer with an ideal result does not exist.     

Another explanation, which has already been discussed, is the penetration rate. Figure 4.15 

showed the effect of penetration rate on corrected cone resistance. Figure 4.17 shows the 

expanded effect on the undrained shear strength.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17: The effect of penetration rate (left) on undrained shear strength (right). 
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4.4.2 Evaluations by Conrad 

During execution in the field, the zero values before and after each penetration and also the 

difference between these values were registered. The registered values were checked afterward by 

reference measurements in Conrad. In the cases in which a Geotech system was used, all the 

registered values are the same as the reference values in Conrad. In the cases in which an Envi 

system was used, the zero values before and after penetration in the register were totally different 

compared with measurement references in Conrad. One possible explanation might be that the 

input values in Conrad should not be more than 100 kPa, which is the normal atmospheric 

pressure. But in this case, the values for the Geotech system should also be changed since all of 

them were over 100kPa. However, even though the registered before and after values differed 

with measurement references in Conrad, the difference in before and after values was the same in 

both cases. Due to this, the evaluated results from Conrad were not affected by this fact. The 

registered zero values during penetrations are presented in Table 4-1. 

 

Table 4-1: The registered zero values for each bore hole during penetration. 

Bore hole Cone resistance (kPa) Pore pressure (kPa) Sleeve friction (kPa) 

Before After Diff Before After Diff Before After Diff 

14C001 9660 9588 -72 920.7 933.6 12.9 332.4 330.8 -1.6 

14C002 - - - - - - - - - 

14C003 - - - - - - - - - 

14C004 9654 9600 -54 934.4 937 2.6 325.4 324.7 -0.7 

14A005 7196 7160 -36 285.6 285.7 0.1 184.6 183.5 -1.1 

14A006 7306 7234 -72 287.5 285.8 -1.7 184.3 6553.5 6369.2 

14A007 7148 7250 102 283.2 287 3.8 184.5 184.2 -0.3 

14A008 7262 7262 0 292.8 290 -2.8 183.8 183.4 -0.4 

14A009 7236 7204 -32 294.1 298.9 4.8 182.8 183.1 0.3 

14A010 7232 7200 -32 290.9 288 -2.9 183.5 183.6 0.1 

14A011 7136 7100 -36 286 305.6 19.6 185.7 185.9 0.2 

14A012 7244 7210 -34 284.4 309.8 25.4 185.4 184.3 -1.1 

14A016 7218 7192 -26 282.3 308.2 25.9 181.4 180.7 -0.7 

14D017 6456 6453.1 -2.9 255.5 256.4 0.9 132.5 132.5 0 

14D018 6453.7 6465.4 11.7 255.9 255 -0.9 132.1 132.4 0.3 

14D019 6452.5 6460.1 7.6 254.8 264.1 9.3 133.1 132.8 -0.3 

14SD20b 6461.3 6454.9 -6.4 255.7 255.2 -0.5 132.8 132.4 -0.4 

14B021 3170.6 3173.1 2.5 273.4 280.1 6.7 112.2 112.5 0.3 

14B022 3204.9 3184.2 -20.7 274.7 273.9 -0.8 112.5 112.8 0.3 

14B023 3212.7 3150 -62.7 290.3 273.4 -16.9 112.6 113 0.4 

14B024 3174 3166.2 -7.8 274.5 270.4 -4.1 112.7 112.8 0.1 

14B025 3204.9 3168.5 -36.4 273.8 272.9 -0.9 112.7 112.9 0.2 

14B026 3171.2 3174.5 3.3 274.1 273.7 -0.4 112.6 112.7 0.1 

14E027 4612 4622 10 597.7 610.4 12.7 147.2 148.9 1.7 

14E028 4598 4474 -124 598.5 598.6 0.1 149 149 0 

14E029 4480 4470 -10 594.5 607.3 12.8 150.9 151.3 0.4 
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5 Conclusion and proposals 

5.1 Introduction 

This chapter is divided into two sections. The first section presents the conclusions drawn in this 

master thesis and the second section presents a short proposal for further research.  

5.2 Conclusion 

In total, 26 CPTU were carried out by five different commercial actors and six different types of 

equipment, with variation in devices such as pushing equipment, cone penetrometers et cetera. 

The main focus of this master thesis has been to evaluate the results of the commercial actors 

judged by the accuracy in the performance of the in-charge operator, but also the differences in 

their equipment, and finally to understand the uncertainties affecting the evaluated results. The 

following conclusions have been drawn from this study: 

 

 Perhaps the most important conclusion drawn in this master thesis is that even though 

the main purpose of this master thesis was to study the subject with respect to 

performance, choice of equipment and evaluation, there are still other factors that can 

affect the results. One of them is that some of the cone penetrometers must have 

systematic errors, since even though the results of the undrained shear strength were 

evaluated as a group, they differ very much between the actors.  

 A basic limitation in CPTU is that there is not one single “right answer” for the values 

of CPTU parameters. Uncertainties exist in the achieved results. Due to this, only one 

CPTU performed will not give sufficiently reliable results. In order to achieve reliable 

results, several CPTU should be performed. This will make it possible to make a good 

estimation and evaluation based on a group of results. 

 Analyses of the test results shows that lack of user competence and lack of accuracy in 

performance, such as inaccuracy in the cleaning process, incomplete saturation, 

penetrating without paying attention to penetration rate, et cetera, leads to a large 

variation in the achieved results. These types of uncertainties can be prevented by better 

education, which leads to better performance and finally better achieved results. First 

and foremost, the operators in the field must be educated, but geotechnical engineers 

and clients should also become more familiar with CPTU. 

 In order to prevent human uncertainties, control and inspection should be introduced 

by the commercial actors. The performance of an operator on site should regularly be 

controlled by an inspector.  

 In the comparison between illustrations of penetration rates, it can be observed that the 

penetration rates achieved by a Geotech Nova penetrometer are significantly more 

accurate compared with those achieved by an Envi Memocone penetrometer. The 

difference is that the penetration rate in a Geotech system is handled automatically by 

software, while in the other case the operator has to handle it manually. To have access 

to automatic functions such as this makes the process less difficult for the operators and 

leads to an improvement in the achieved results.  

 The construction of the cone penetrometer affects the values of the area factors a and 

b, and the area factors in their turn have a direct impact on correction with respect to 

pore pressure. The results of corrected cone resistance, corrected sleeve friction and 
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undrained shear strength are influenced by the area factors. Due to this, an optimization 

in construction of cone penetrometers decreases the impact of area factors on the 

evaluated results.  

 The choice of data transfer system is of high importance during penetration with CPTU. 

An acoustic system or a radio wave system means that the entire process of penetration 

can be followed by the operator on the computer screen and that if an error occurs or 

something wrong happens, it can be identified and prevented by the operator. The 

example of bore hole 14D020b is a good example of this. The use of an acoustic data 

transfer system prevented a results which would otherwise have been discarded. 

 It is also of value to mention that not one of the performed CPTU in this master thesis 

fulfills the requirements for CPT class 1 according to the European standards.      

 

5.3 Proposals 

The following issues can be recommended by the author for further research: 

 In this master thesis the quality of CPTU was analyzed with respect to performance, 

choice of equipment and evaluation, but it was identified that other types of 

uncertainties can be found. One of them is systematic errors in the cone 

penetrometers. These types of problems should be identified during calibration of 

penetrometers. Unfortunately, a more detailed study in the calibration of the cone 

penetrometer was not possible in this master thesis, but can be recommended for 

further research. 

 All of the CPTU attempts in this master thesis were performed at the same site, in the 

same type of soil and under the same conditions. A variation in field, type of soil and 

temperature and weather conditions may affect the achieved results and some 

unstudied subjects might be developed. 
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Appendix B, Penetration protocol and Calibration protocols 

Appendix B1, Penetration protocol 

 

Table 6-1. Penetration protocol 

Bore hole Date Commercial 
actor 

Type of 
penetrometer 

Pushing 
equipment 

Cone 
penetrometer 
registration 

number 

Date of 
calibration 

Type of 
filter 

Fluid Pre-
drilling 

(m) 

Ground 
water level 
below the 

surface (m) 

Depth 
at 

stop 
(m) 

14C001 2014-04-29 C Envi 
Memocone 

GM 65 GT 51164 2014-01-09 Slot filter Envi oil 2 0.56 12.109 

14C002 2014-04-29 C Geotech 
Nova 

GM 65 GT 4545 2013-05-06 Porous 
filter 

Glycerin 1 0.56 11.4 

14C003 2014-04-29 C Envi 
Memocone 

GM 65 GT 51164 2014-01-09 Slot filter Envi oil 2 0.56 13.26 

14C004 2014-04-29 C Geotech 
Nova 

GM 65 GT 4545 2013-05-06 Slot filter Envi oil 1 0.56 13.1 

14A005 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil - 0.59 12.82 

14A006 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil - 0.59 13.51 

14A007 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil - 0.59 12.8 

14A008 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil - 0.59 12.65 

14A009 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil 2 0.59 12.75 

14A010 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil 2 0.59 12.91 

14A011 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil 2 0.59 12.97 

14A012 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil 2 0.59 13.64 

14A016 2014-05-06 A Envi 
Memocone 

GM 75 GT 30161 2014-04-09 Slot filter Envi oil - 0.59 12.77 



86 
 

14D017 2014-05-06 D Geotech 
Nova 

GEORIG 
604 

4403 2013-10-21 Slot filter Hydraulic 
oil 

1.3 0.59 13.56 

14D018 2014-05-06 D Geotech 
Nova 

GEORIG 
604 

4403 2013-10-21 Slot filter Hydraulic 
oil 

1.6 0.59 14.84 

14D019 2014-05-06 D Geotech 
Nova 

GEORIG 
604 

4403 2013-10-21 Slot filter Hydraulic 
oil 

1 0.59 15.58 

14D020b 2014-05-06 D Geotech 
Nova 

GEORIG 
604 

4403 2013-10-21 Slot filter Hydraulic 
oil 

1 0.59 14.32 

14B021 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Slot filter Hydraulic 
oil 

1.8 0.75 12.26 

14B022 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Porous 
filter 

Glycerin 1.8 0.75 11.8 

14B023 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Slot filter Water 1.8 0.75 11.52 

14B024 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Slot filter Water 1.8 0.75 11.32 

14B025 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Porous 
filter 

Glycerin 1.8 0.75 11.14 

14B026 2014-05-19 B Geotech 
Nova 

GEORIG 
605 

4684 2013-11-13 Porous 
filter 

Glycerin 1.8 0.75 11.72 

14E027 2014-05-22 E Envi 
Memocone 

GM 75 GT 51153 2013-08-19 Slot filter Envi oil 2 0.7 12.683 

14E028 2014-05-22 E Envi 
Memocone 

GM 75 GT 51153 2013-08-19 Slot filter Envi oil 2 0.7 12.804 

14E029 2014-05-22 E Envi 
Memocone 

GM 75 GT 51153 2013-08-19 Slot filter Envi oil 2 0.7 13.603 
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Appendix B2, Calibration protocol for cone penetrometer used by Commercial actor A 
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Appendix B3, Calibration protocol for cone penetrometer used by Commercial actor B 
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Appendix B4, Calibration protocols of cone penetrometers used by Commercial actor C 
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Appendix B5, Calibration protocol for cone penetrometer used by Commercial actor D 
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Appendix B6, Calibration protocol for cone penetrometer used by Commercial actor E 
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Appendix C, Specifications for pushing equipment 

Appendix C1, Specifications for GM 75 GT 

Dimensions 

 Weight: 3400-3900 kg without rods 

 Length: 3800 mm, transport condition 

 Width: 1850 mm 

 Height: 2100 mm, transport condition 

 Ground clearance: 330 mm 

Power and mast 

 Diesel engine: 60-70 kW to power two 

hydraulic pumps 

 Maneuvering speed: 0-5 km/h 

 Stroke: 2400 mm 

 Pull down force: 40 kN 

 Pull up force: 70 kN  

 Drill head: Single or double for rods and pipes 

 Spindle torque: (Option 1) 1900 Nm, (Option 2) 2800 Nm 

 Spindle rotation speed: (Option 1) 0-90 rpm, (Option 2) 0-85 rpm 

 

Appendix C2, Specifications for GM 65 GT 

Dimensions 

 Weight: 2400-2600 kg without rods 

 Length: 3800 mm, transport condition 

 Width: 1600 mm 

 Height: 1900 mm, transport condition 

 Ground clearance: 280 mm 

Power and mast 

 Diesel engine: 45-50 kW to power two 

hydraulic pumps 

 Maneuvering speed: 0-5 km/h 

 Stroke: 2400 mm 

 Pull down force: 40 kN 

 Pull up force: 70 kN  

 Drill head: Single or double for rods and pipes 

 Spindle torque: (Option 1) 1900 Nm, (Option 2) 2800 Nm 

 Spindle rotation speed: (Option 1) 0-90 rpm, (Option 2) 0-85 rpm 
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Appendix C3, Specifications for Georig 604 

 

Dimensions 

 Weight: 4000-4600 kg depending on equipment 

 Length: 3600 mm, transport condition 

 Width: 1800 mm 

 Height: 1660 transport condition 

 Ground clearance: 270 mm 

Power and mast 

 Diesel engine: 39 kW  

 Maneuvering speed: 0-5 km/h 

 Stroke: 2450 mm 

 Pull down force: 37 kN 

 Pull up force: 77 kN  

 Drill head: Single or double spindle 

 Spindle torque: 167 daNm 

 Spindle rotation speed: 0-85 rpm 

 

Appendix C4, Specification for Georig 605  

Dimensions 

 Weight: 4000-4600 kg depending on equipment 

 Length: 4550 mm 

 Width: 2040 mm 

 Height: 2240 mm  

 Ground clearance: 270 mm 

Power and mast 

 Diesel engine: 95-105 kW  

 Maneuvering speed: 0-5 km/h 

 Stroke: 2450 mm 

 Pull down force: 130 kN 

 Pull up force: 70 kN  

 Drill head: Single or double spindle 

 Spindle torque: 250 daNm 

 Spindle rotation speed: 0-85 rpm 
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Appendix D, Graphical presentations  
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Appendix D1, Uncorrected sleeve frictions 
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Appendix D2, Corrected sleeve frictions 
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Appendix D3, Excess pore pressures 
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Appendix D4, Pore pressures 
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Appendix D5, Uncorrected cone resistances 
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Appendix D6, Corrected cone resistances 
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Appendix D7, Undrained shear strength 
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Appendix D8, Penetration rate 
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Appendix D9, Mean values 
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