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Abstract 

Soil-rock probing (Jb-probing) is the most common probing method in Sweden. Due to the 
penetration capacity of the Jb-probing it can be performed in both soil and rock. However, the 
capacity also results in inherent limitations and uncertainties, such as the difficulty identifying the 
soil layer sequences of soft soils. In order to attain a more detailed soil layer sequence it is 
necessary to perform complementary probing and sampling methods, an inefficient and 
consequently costly procedure. By instead implementing non-interfering complementary methods 
performed simultaneously as the Jb-probing the method may be rationalized. The so-called 
acoustic Jb-probing method may be a potential complement to the Jb-probing.  

In this thesis a continued study of the acoustic Jb-probing method is performed by means of a case 
study in Gubbängen with the focus on the potential additional information that the spectrogram (a 
visual representation of the frequency spectra) may contain compared to the Jb-parameters alone. 
This was done by obtaining vibration signals during Jb-probing using a triaxle geophone installed 
four meters from the boreholes. Vibration signals were collected from 13 boreholes. The vibration 
signals were then analyzed in time- and frequency domain which were compared to corresponding 
Jb-parameters and classified soil types.  

The results showed that the clay layers held the most promise for discovering additional 
information in the spectrogram, however this does not exclude potential in other soil types. 
Additionally, it was shown that the geophone ought to be fastened in the ground in order to attain 
satisfactory data. Overall, the acoustic Jb-probing method is a favorable way of collecting and 
analyzing data, which with continued development of the operational and computational process 
may be an economical alternative to the conventional method.  
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Sammanfattning 

Jord-berg sondering (Jb-sondering) är den vanligaste sonderingsmetoden i Sverige. På grund av Jb-
sonderingens nedträngningsförmåga kan sonderingen utföras i både jord och berg men det 
medför vissa ofrånkomliga begränsningar och osäkerheter, till exempel svårigheten att klarlägga 
jordlagerföljden i lösare jordar. För att få en mer ingående jordlagerföljd behövs kompletterande 
mätningar likt sonderingsmetoder och provtagningar, en procedur som är ineffektiv och därmed 
kostsam. Genom att istället implementera kompletterande metoder som utförs samtidigt och inte 
påverkar Jb-sonderingen skulle metoden kunna effektiviseras. Den så kallade akustiska Jb-
sonderingen kan vara en potentiell kompletterande metod till Jb-sonderingen.   

I det här examensarbetet har en fortsatt studie av akustisk Jb-sondering genomförts genom en 
fältstudie i Gubbängen med huvudsyftet att undersöka den möjliga ytterligare information som 
spektrogram (en visuell representation av frekvensspektrum) kan innehålla jämfört med Jb-
parametrarna. Detta utfördes genom att registrera vibrationssignaler under Jb-sonderingar med 
hjälp av en triaxiell geofon som installerades fyra meter från borrhålen. Vibrationssignaler för 13 
borrhål registrerades. Vibrationssignalerna har sedan analyserats i tids- och frekvensdomän som 
jämförts med motsvarande Jb-parametrar och klassificerade jordarter. 

Resultaten visade att lerlagren har mest potential vad gäller att hitta ytterligare information hos 
spektrogrammen, men det ska inte utesluta andra jordarters potential. Resultaten visade också att 
geofonen bör förankras i marken för att få fullvärdig data. Generellt kan det konstateras att 
akustiskt Jb-sondering är en fördelaktig metod för att samla och analysera data, som med fortsatt 
utveckling i utförande- och beräkningsprocessen kan leda till ett ekonomiskt alternativ till den 
konventionella metoden.  

Nyckelord 

jord-bergsondering, spektrogram, frekvensanalys 
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1 Background 
In the field of geotechnics there is great interest in developing efficient cost saving procedures 
which include extraction of useful and accurate information. Current methods are often limited by 
project budgets, access to proper equipment, and the time required to perform them. An 
alternative to this dilemma should therefore decrease potential uncertainties that exist and the 
operational burden stemming from the use of said alternative. The latent uncertainty existing 
“due to ignorance and lack of knowledge” is often referred as epistemic uncertainty. By obtaining 
more information through extended measurements and investigations the epistemic uncertainties 
may be reduced (Palmström & Stille, 2015). When considering what is a proper alternative it is 
important to remember that uncertainties may not be entirely removed from a geotechnical field 
investigation as some methods face environmental limitations.  

Such limitations may be seen in the traditional probing methods used in geotechnical field 
investigations, such as cone penetration test (CPT) and dilatometer (DMT). These methods have a 
limited penetration capacity in hard coarse grained soils and treated ground. To circumvent the 
issue of probing in referred soils conventional methods are necessary. An example of a 
conventional method is soil-rock probing (Jb-probing). Jb-probing can be performed in both soil 
and rock, and measures the depth to the rock layer as well as provides an estimate of the strata 
sequences of clay, coarse grained soils, blocks, and the alteration from hard soil to fractured rock 
and its variations. Yet, due to the penetration capacity it is not adequately sensitive to distinguish 
the variations of firmness in softer soil, such as silt. To attain a more qualified assessment and to 
retrieve more detailed information about the different soil layers, for example a more continuous 
view of the soil sequences, other methods of probing or sampling are suggested. Such 
complementary methods may include geophysical methods, ram sounding, and weight sounding. 
The probing methods are performed next to the borehole of the Jb-probing. This process may be 
made more efficient by rationalizing and performing different investigations that measures and 
determines different parameters at the same time, which may lead to a decrease of uncertainties 
and contributing to more qualified assessments as well as a more sustainable society. It can 
therefore be said that complementary methods that are non-invasive and performed at the same 
time are ideal. Such non-invasive concepts, where it is possible to identify soil and rock materials 
using seismic (acoustic) measurements during Jb-probing, have been in consideration for some 
time (Bergdahl, 1984; Svenska Geotekniska Föreningen, 2012; Massarsch & Wersäll, 2017a). 

A method that initially applied something that resembles the acoustic Jb-probing was presented 
by Lundström and Stenberg (1965). As the development of technology (computers and programs) 
has increased, new possibilities have opened and newer methods may be incorporated. In 2016 a 
method called acoustic soil-rock probing was presented which may provide complementary 
information in the assessment of Jb-probing, where vibration parameters are determined with the 
aids of seismic (acoustic) measurements on the ground surface (Massarsch, 2016) . The 
measurement can be performed independent of the Jb-probing and the seismic measuring 
equipment make it possible to measure and analyze the maximal particle velocity and frequency 
content of the vibration signals. The frequency content of the vibration signal is useful as an 
indicator of the penetrated material. The vibration signals are analyzed in the frequency domain in 
order to obtain the frequency content and so getting an indicator of the characteristics of the 
penetrated materials (Massarsch, 2016; Massarsch & Wersäll, 2017a).  
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1.1 Objectives 

In this study a continuation of the acoustic soil rock probing method was implemented. The 
objectives were to obtain depth-synchronized seismic measurements while performing acoustic 
Jb-probing at Gubbängen IP. These measurements were then analyzed together with the 
parameters obtained from Jb-probing and the additional sampling methods auger sampler (Skr) 
and piston sampler (Kv). 

To achieve the above objectives, the following processes took place: 

• Three vibration signals were synchronized with the drilling depth and measured using a 
triaxial geophone installed just below the surface of the ground. 

• The vibration signals were analyzed in time and frequency domain using MATLAB. In time 
domain, the particle velocities were displayed. In frequency domain, the frequency 
content was displayed as frequency spectra and spectrograms.  

• Physical soil samples were taken using auger sampler and piston sampler, by which 
identifications of soil layers were done. Comparing the identified soil layers with the 
computational analysis, better correlations may be possible.   

• The spectrograms were analyzed simultaneously alongside the Jb-parameters to see if 
they provide more information, in addition to the information from the Jb-parameters. 

Additionally,  

• A 15 kg rubber block was used as base for the geophone when it was not possible to be 
fastened to the ground. An additional object was to see if it would be possible to use the 
rubber block as an alternative in the future if the penetration of the geophone is limited.  

• Another additional object concerned the ground water table, which was estimated using 
the additional samplings methods. Was it possible to see the ground water table by 
observing the spectrogram and frequency spectra. 
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1.2 Limitations 

A limited number of boreholes have been analyzed in this report as a considerable amount of data 
was obtained, and therefore a restriction was necessary.  

Further limitations include that the results obtained from the additional sampling methods, Skr 
and Kv, were limited with respect to the depth. This as the sampling goes down to approximately 6 
m whereas the drilling depth goes as far as 19 m. Currently the method requires the triaxle 
geophone to be placed in the ground. Additionally, does the method require functioning depth-
synchronization.  

1.3 Structure of report 

The 2nd chapter describes the basics of soil-rock probing and geophysical investigations with the 
focus on the second class of soil-rock probing and the seismic methods including the measuring 
equipment.  

The 3rd chapter describes the theoretical fundamentals of vibrations, waves, and frequency 
analysis before previous studies are presented. The section of previous studies presents two 
methods where acoustics have been used in a geotechnical field investigations and hence include 
both the soil-rock probing and rock locating by rock indicator and the acoustic soil-rock probing 
method. 

The 4th chapter includes a description of the field study at Gubbängen IP. The site conditions and 
method is presented. The method includes two parts: the execution of the field study and the 
signal processing using MATLAB.  

The 5th chapter presents the results and analyses of the data obtained from Gubbängen IP.  

The 6th chapter presents the discussion of the results and analyses from chapter 5.  

The 7th chapter states the conclusions and recommendations for future research.  
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2 Geotechnical investigations 

2.1 Soil-rock probing 

The geotechnical investigation method soil-rock probing (Jb-probing) is the most common probing 
method used in Sweden that can be performed in both soil and rock; when other probing methods 
would not be able to be driven down (Olsson & Holm, 1993). The method can be divided into four 
different classes, named Jb-1, Jb-2, Jb-3 and Jb-tot depending on which drilling parameters that 
are measured and registered, as seen in Table 2.1. The second class of Jb-probing, Jb-2, establish 
bedrock level and estimate the quality of crystalline rock prior to slab-, piling- and excavation 
procedures (Svenska Geotekniska Föreningen, 2012). This is the relevant class in this report.  

Generally, the drilling continues from 3 to 5 m into the bedrock, but shorter and longer sections 
may occur. If the sections would be shorter the chance of drilling in boulders have to be 
considered. The bedrock can be hard to define when drilling through basal till and fractures rock, 
both during the drilling itself as well as in succeeding interpretations of the registered parameters. 
The transit between soil and rock can also be difficult at great depths (> 30 m); the recommended 
penetration rate is hard to achieve and the energy transferred from the hammer peter out with 
the depth. Consequently, other types of methods (probing, sampling) are suggested to ensure 
more reliable information (Svenska Geotekniska Föreningen, 2012). 

In soft soils, such as clay, the hammer (and rotation if possible) should preferably be off. If drilling 
through coarse grained soil layers an estimation of the soil may be attained, but the examined 
volume is too small for a classification and test pits has to be performed (Svenska Geotekniska 
Föreningen, 2012). 

Table 2.1 Parameters measured for the different types of Jb-probing according to (Svenska Geotekniska Föreningen, 2013) 

Parameter Unit Jb-1 Jb-2 Jb-3 Jb-tot 

Depth m X X X X 

Penetration resistance s/0.2m X X X X 

Rate of penetration mm/s - X X X 

Force input kN - X X X 

Rate of revolutions rpm - X X X 

Hammer pressure MPa - X X X 

Rotational pressure (pressure in turning 
engine) 

MPa - X X X 

Flushing media pressure MPa - - X - 

Flushing media flow l/min - - X - 
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More qualified assessments may be obtained from complimentary methods. Examples of 
complementary methods to determine the structure and quality of the bedrock is cuttings 
sampling and BIPS-logging (Borehole Image Processing System) (Svenska Geotekniska Föreningen, 
2012; Svenska Geotekniska Föreningen, 2015). 

2.2 Geophysical methods 

The concept of geophysical methods has long been limited within the geotechnical field as the 
application of the methods and credence in the results were limited. In Sweden geophysical 
methods have mostly been performed in rock investigations. In recent years, the development of 
geophysical methods with geotechnical aims have improved and evidence that geotechnical 
investigations may be improved using geophysical methods have been more evident (Dahlin, et al., 
2001). However, the methods should only be seen as complimentary to conventional geotechnical 
investigations and samplings (Blom, et al., 2013). 

2.2.1 Seismic methods 

The seismic methods apply the fact that elastic waves travel with different velocities in different 
materials (e.g. soils and rocks) and are mainly important in oil prospecting, but also applied in civil 
engineering projects like site-investigations of large structures as well as determination to depth 
of bedrock etc (Parasnis, 1979). In Sweden the application has been focused on determination of 
depth to bedrock, identifying fracture zones, and to determine the composition of soil layers as 
well as the ground water table (Svenska Geotekniska Föreningen, 2008). 

To describe the motions in a proper way, three perpendicular components of motions must be 
measured. The longitudinal component (x) is usually oriented parallel to the source. It then follows 
that the other components are transverse (y) and vertical (z) to the longitudinal direction 
(Dowding, 1996). The measuring of ground vibrations generally consists of two parts: a transducer 
that measures the movements and a seismic recording system which store vibration signals in 
either an analog or digital way. Modern sensors are sensitive electromagnetic devices that convert 
physical vibrations into an electrical current. The most common sensors are accelerometers and 
geophones, where accelerometers produce an (output)-signal proportional to the particle 
acceleration and geophones produce an (output)-signal proportional to the particle velocity 
(vibration signals). Geophones are considered reliable and sturdy as they are used in the oil- and 
gas extraction industries (Hall & Wersäll, 2013). However, they have limitations such as measuring 
direction, frequency width (bandwidth), dynamic response etc. and incorrectly mounted 
geophones may give misleading information (Wersäll, et al., 2009). 
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3 Acoustic soil-rock probing 

3.1 Acoustic concepts 

3.1.1 Vibrations 

In order for vibrations to occur, energy needs to be imparted to the system by an external source. 
This is initiated at dynamic sources, so-called vibration sources (Svinkin, 2008; Hall & Wersäll, 
2013), for example soil-rock probing which is relevant for this report. When a soil-rock probing 
hammer impacts the head a vibration is created that propagates at certain frequencies and 
amplitudes down the pile to the drill bit and into the soil (Massarsch & Fellenius, 2008). The 
movement in the ground caused by the probing hammer produces stresses and strains in the soil 
and the resulting impact produces and propagates stress and strain waves which transport energy 
through the soil and induce horizontal and vertical ground vibrations (Massarsch & Fellenius, 
2008; Svinkin, 2008).  

Vibration measurements normally determine the magnitude or amplitude of motion as a function 
of time. The particle velocity is therefore often used to characterize the wave motion in time 
domain and refers to the velocity in which the particle oscillates about an equilibrium. It is a 
measure of the vibration intensity (the energy that is extricated during e.g. soil-rock probing) and 
measured in the unit mm/s (Woods, 1997; Wersäll, et al., 2009). According to a full scale sheet pile 
vibro-driving test performed by Whenham et.al (2009), the particle velocity varied as a result from 
a combination of variations: driving frequency, penetration velocity, and soil resistance. It was 
found that an increased penetration resistance coincided with a decreased penetration- and 
increased vibration velocity. However, the influence of the driving frequency was more difficult to 
characterize as the influence depends on the soil properties and site stratification.  

3.1.2 Frequency analysis 

The vibratory motion may also be characterized as a function of frequency, in frequency domain, 
where the dominating frequency can be estimated (Möller, et al., 2000). Frequency analysis is a 
powerful mathematical tool for studying the frequency characteristics of a signal and a basis is the 
Fourier series and Fourier transform where the type of signal analyzed governs the method used; 
periodic for the former and aperiodic for the latter (Båth, 1974). Commonly, it is assumed that any 
arbitrary signal can be decomposed into a sum of sinusoidal components of assorted frequencies, 
each having a given amplitude and initial phase (Figure 3.1) or equally in the complex form with 
complex exponential functions (Randall, 1987).  
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Figure 3.1 Original waveform and its component frequencies from (National Instrument, u.d.) 

 

It may often be useful to characterize signals in terms of frequency domain parameters rather 
than time domain parameters and even complicated signals with patterns impossible to see in the 
time domain may be revealed in the frequency domain as the energy distribution of the signal 
differs between the frequencies (Figure 3.2) (Jerket, 2008). 

 

Figure 3.2 Examples of different vibrations, modified from (Holmberg, 1982) 
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Signals obtained from physical observations are often aperiodic and hence is the Fourier 
Transform used (Båth, 1974). The Fourier Transform can be seen as a generalization of the Fourier 
series; an aperiodic signal may be considered periodic as the period approach infinity. As a result, 
due to the reciprocal relationship between time and frequency domain, the spacing of the 
frequencies will tend to zero creating a continuous frequency spectrum (Randall, 1987; Kulhánek, 
1995). Additionally, the Fourier Transform may be generalized to the Fourier Transform Pair, the 
almost symmetrical Fourier analysis and Fourier synthesis. Their symmetry makes it possible to 
transformation from one domain to the other and generally also transform in the other direction 
(Båth, 1974; Randall, 1987). 

Signals sampled from a continuous signal (in time domain) with constant sampling period will 
obtain a discrete sequence of values, representing the value of the signal at different points in 
time. The discrete Fourier transform (DFT) is used to transform the discrete sequence from time 
domain to frequency domain. However, a large number of computations are needed and 
therefore not practical. To remedy this impasse, the fast Fourier transform (FFT) is used. By 
performing a FFT the resulting values in the frequency domain are usually presented as the Fourier 
amplitude (and phase) plotted against the frequency. The FFT is currently available in numerous 
computer libraries, e.g. as an already embedded MATLAB function (Kido, 2015). 

Massarsch and Fellenius (2008) analyzed ground vibrations induced by impact pile driving in 
frequency domain as Fourier spectra. The recordings were obtained at several distances (10, 20 
and 40 m) but showed comparable frequency content distributions. Still it was of interest 
investigating the differences in frequency content in one location as there was a distinct difference 
between longitudinal, transversal, and vertical vibration amplitudes. The horizontal frequency 
spectra attained broader records while the vertical frequency spectra showed a more distinct 
dominant frequency. This imply that the horizontal vibrations are caused by compression waves 
and the vertical vibrations are due to a cylindrical expanding wave front which propagate at the 
shear wave velocity.  

3.1.3 Spectrogram 

A spectrogram is a visual two-dimensional representation of the time–frequency content of a 
signal together with a third dimension represented by colors. The third dimension is the 
amplitude, or energy, of a specific frequency at a particular time where selected colors are 
corresponding to different amplitudes; from low to progressively higher amplitudes (Müller, 2015; 
PNSN, u.d.). This results in a visual representation of colors that represents coordinates of time 
which makes it possible to see the energy (intensity) both in a particular point in time as well as 
how it changes over time(Müller, 2015). 

However, there are many variations of visualizations in a spectrogram. In this thesis the 
spectrogram is presented as the vibration measurements synchronized with the drilling depth and 
therefore presented as frequency with respect to the corresponding level of depth.   
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Figure 3.3 Spectrogram from sound measurement of drilling in boulder, till, and rock from (Lundström & Stenberg, 1965) 

3.2 Previous studies 

3.2.1 Soil-Rock Probing and Rock Locating by Rock Indicator 

1965 Lundström and Stenberg (1965) presented a method with the objective to record and 
analyze the sound produced between drill bit and rock during Jb-probing operations in order to 
determine the level of bedrock surface. A microphone transmitter was lowered into a drilled hole 
in the rock at a certain distance from the point where drilling was performed. The sound was then 
monitored and could be recorded, listened to with headphones, read on a meter, and studied on 
an oscilloscope. In the development of the method, a sound spectrogram with a three-
dimensional relationship is attained between time, frequency, and sound intensity in various soil 
types were registered (Figure 3.3). The spectrograms show that when drilling in soil or boulders 
embedded in soil, most of the sound from the drilling is absorbed in the soil while the sound from 
the work of the drill bit in the rock is very well transmitted through the rock. Through the boulder 
the drilling creates a rather continuous low-frequency sound mainly caused by the noise from the 
compressor. At a frequency of 3000 cps (cycles per second, an old unit of frequency now known as 
Hz) there is a reoccurring sound at an interval of about 0.03 seconds which comes from the impact 
of the drill bit on the boulder. Through the till, the results of drilling only indicated a low-frequency 
sound. When the drill bit hits the rock a fairly wide-frequency spectrum is produced with the 
impact of the drill.   

3.2.2 Acoustic soil-rock probing 

A method called acoustic soil-rock probing was presented in 2016 in which two stages have been 
performed (Massarsch, 2016; Massarsch & Wersäll, 2017a). The objectives were to investigate if 
seismic waves, generated during Jb-probing, contain information about the characteristics of 
penetrated strata and so investigating the possibility of using the results of the seismic (acoustic) 
measurements as a complement to the conventional Jb-probing parameters as well as identifying 
soil and rock materials during Jb-probing using acoustic measurements. The vibration sensor, a 
triaxial geophone, measured the vibration velocity in longitudinal (x), transversal (y), and vertical 
(z) direction and was installed just below the ground surface 4 m from the borehole in front of the 
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drill-rig. The seismic measuring did not interfere with the drilling process and the vibration signals 
were recorded continuously during the Jb-probing. A schematic overview is shown in Figure 3.4. 
As the measurements were independent of conventional drilling parameters they were displayed 
with the conventional drilling parameters as an additional source of information.  

The vibration velocity is a measurement of the energy released during soil-rock probing and 
increases with the stiffness of the penetrated material. Hence may the amplitude of the vibration 
and frequency content reveal different characteristic information regarding the strength and 
stiffness of the penetrated soil and rock layers which makes it possible to identify different soil- 
and rock layers, and formations. The amplitude of the vibration does however normally decrease 
with increased depth, something that the frequency content of the signal is not as affected by. It 
can therefore be said that the frequency content of the vibration signal, especially between 0 to 
50 Hz as it corresponds to the range of the dominant frequencies, is the most reliable seismic 
measurement in order to identify the penetrated stratum. Analyses of the vibration signals were 
therefore done by analyzing the signals frequency content in frequency spectra and spectrograms.  

It was clear that while drilling the amplitude and frequency content of the seismic signal varied as 
different soil and rock layers were penetrated. In clay the rotation of hammer is off which induce 
that the vibrations generated indicate variable geological conditions, but the amplitude was low in 
general and no clear peaks in the frequency spectra which indicated a low resistance. The 
amplitude increases when drilling through friction soil, till, and bedrock. It can consequently be 
said that the amplitude in general increases when penetrating hard or stiff layers but decreases 
with increasing depth. Through granular soils, such as sand, gravel, and till, broad frequency 
spectra were obtained, usually varying between 5 and 15 Hz. When drilling through rock a distinct 
peak of 22 Hz was shown that corresponded to the operating frequency of the hammer.  

 

Figure 3.4 Acoustic measurements during Jb-probing from (Massarsch & Wersäll, 2017b) 
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4 Gubbängen a field study 
The geotechnical investigations were performed at an athletic field at Gubbängen IP located south 
of Stockholm, ordered by BTB (Byggnadstekniska Byrån) and executed by Gaia Survey. There were 
14 boreholes in total (18BT01 to 18BT14). The acoustic measurements were collected on 13 
locations between the 23rd and 24th of July 2018. The positions of the boreholes as well as 
methods performed are shown in Figure 4.1.  

 

Figure 4.1 Schematic overview of the athletic field at Gubbängen IP 
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4.1 Site conditions 

The general geological profile at Gubbängen IP consists of a layer of till (friction soil) on top of the 
bedrock, followed by layers of coarse- and fine grained soils of different thicknesses, such as sand 
and clay, and last a layer of fill. The top layer was asphalt or gravel. The level to the bedrock 
surface varies. Exposed bare bedrock is visible to the east and west of the field, whereas in 
southeast the depth to bedrock is approximately 16 m form the ground surface and decreases to 0 
m in northeast. Figure 4.2 shows the estimated thicknesses of soil layers and level to bedrock from 
Jb-2.  

 

Figure 4.2 Soil layer sequences for borehole 18BT07, 18BT11, 18BT13 and 18BT14 according to Jb-2 
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4.2 Measuring equipment 

4.2.1 Soil-rock probing 

The drilling rig used was from Geotech in model 504 from 2011. 

4.2.2 Seismic measuring equipment and programs 

The data acquisition (DAQ) software program DASYLab was used which made it possible to 
measure, control, and simulate the vibration velocity components for a real-time analysis as well 
as later analysis (MC Measuring Computing, 2017).  

The seismic measuring equipment consisted of a triaxial geophone (transducer) and recording 
system. Three components of the vibration velocity (longitudinal x, transversal y, and vertical z) 
were recorded continuously during the test with occasional stops, which produced a voltage 
output proportional to the particle velocity of 20 mV/mm/s. The seismic measurements were 
registered by a 16-channel data acquisition unit by Measurement Computing of model USB 
1616FS, as seen in Figure 4.3. The penetration depth of the drill was continuously measured and 
included in the seismic measuring system using a depth-measuring drum, Figure 4.4. Hence was it 
possible to synchronize the seismic parameters with the depth which produced a voltage output 
signal of 1 mV/cm proportional to the depth.  

Information about the geophones used for the different directions (axis) as well as information 
about the data-measuring drum is presented in the Table 4.1. 

 

Figure 4.3 Modified case with Measuring Computing USB1616FS 

 

Figure 4.4 Set-up with depth measuring-drum without cable 
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Table 4.1 Equipment geophone and depth measuring-drum 

Geophone axis Cable Channel Input gain Geophone 

X (longitudinal) Ch04 20m 9 x10 
UVS Geophone H HD 

Type 20 4121 00 ABEM  

Y (transversal) Ch05 20m 10 x10 
UVS Geophone H HD 

Type 20 4121 00 ABEM  

Z (vertical) Ch06 20m 11 x10 
UVS Geophone V StD 

Type 20 010 00 ABEM  

Boreholes Cable Channel Input gain Depth measuring-drum 

18BT10 and 18BT13 Ch01 25m 12 x1 “XPLOG D/A Omvandlare” by 
Geotech 

Remaining Ch02 25m 12 x1 
“XPLOG D/A Omvandlare” by 

Geotech 
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4.3 Measuring procedure 

4.3.1 Execution 

The geophones were placed just below the surface with the longitudinal axis in line with the 
borehole (Figure 4.5 and Figure 4.6). The triaxial geophone was mainly placed 4 meters from the 
borehole but was once placed 5 meters from the borehole (18BT05) due to a top layer of asphalt. 
Because of the exceeding asphalt layer around two other boreholes the geophone was attached to 
a 15 kg rubber block 4 meters from the borehole, Figure 4.7 and Figure 4.8. This procedure was 
done for 18BT11 and 18BT13.  

 

Figure 4.5 Set-up borehole 18BT08 

  

 

Figure 4.6 Set-up borehole 18BT14 

  

 



  16 |  

 

Figure 4.7 Rubber block (borehole 18BT13) 

 

Figure 4.8 Set-up rubber block for borehole 18BT13 

The vibration signals were recorded continuously during the drilling process, but occasionally 
stopped when the drilling stopped e.g. during the joining of drill rods which approximately was 
every 2 m. The software DASYLab was digitalizing the analog data with the scan rate set to 3000 Hz 
and the number of decimals of the measured data was set to 5. The graphical display module 
made it possible to display the digitalized signal and controlling if the parameters measured were 
registered. The recording system, which consisted of a laptop computer and Measuring Computing 
USB1616FS, was arranged in the car as seen in Figure 4.9, which was parked a distance from the 
borehole in order not to disturb the measuring process. 

 

Figure 4.9 Measuring set-up 
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4.3.2 Parameters obtained 

During the acoustic measurements the peak vibration velocity [mm/s] as a function of time and 
depth was obtained.  

4.3.3 Limitations and selected boreholes 

Limitations 

From borehole 18BT12 no data was obtained. The depth was not synchronized during two 
investigations (18BT10 and 18BT13) and therefore not applicable. 11 of the 13 measurements 
obtained valid results. Table 4.2 below presents an overview of the investigations performed at 
the boreholes along with the selected boreholes for further analysis, which will be described 
further below. The boreholes where acoustic Jb-probing was performed are marked with a cross. 
A parenthesis (around the cross) is used for the cases when the synchronizing did not work. The 
blue color represents the boreholes where the rubber block was used. And finally, the bold crosses 
represent the chosen boreholes for further analysis.  

Selected Boreholes 
Borehole 18BT07 and -14 are of interest due to the additional information from samples taken by 
auger sampler (Skr). The acoustic Jb-probing performed at borehole 18BT11 and 18BT13 was done 
on a 15 kg rubber block. From borehole 18BT13 the depth was not synchronized and therefore 
was no valid acoustic Jb-probing data obtained. However, an auger and piston sampler were 
performed which is of interest for the neighboring boreholes 18BT11 and 18BT14. The focus is 
therefore on the following boreholes: 

• 18BT07   

• 18BT11  

• 18BT13  

• 18BT14   

Table 4.2 Overview boreholes 

Borehole 
18BT- -01 -02 -03 -04 -05 -06 -07 -08 -09 -10 -11 -12 -13 -14 

Jb-2 (JB) X X X X X X X X X X X X x x 

Acoustic Jb-
probing X X X X X X X X X (X) X - (X) X 

Auger (Skr)       X     X X X 

Piston (Kv)            X X  

X – registered (X) – depth not synchronized X - rubber block X – used in thesis 
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4.4 Signal processing 

4.4.1 Seismic measurements 

In MATLAB, the obtained data are converted into the applicable units,  𝑚𝑚
𝑠

 for the particle velocity 
and 𝑚 for the depth, using corrections factors. The correction factors are multiplied with 
respective data; velocity and depth. The particle velocity, time, and depth are then saved as 
vectors for each borehole. Where the particle velocity vector consists of three components 
(longitudinal x, transversal y, and vertical z).  

4.4.2 Time domain 

When analyzing the particle velocities in time domain the parts of the signal that are of no interest 
are excluded. For example, when the rod was still and/or drawn upwards towards the surface. This 
is done using Data Cursor and manually choosing multiple start- and stop datatips. The result is 
two new vectors with start and stop elements with regards to the time. The start- and stop vectors 
are then compared with the origin particle velocity-, time-, and depth vectors, where the elements 
between the start and stop elements are saved into new vectors and the rest excluded. This 
results in vectors just including the downward motion with correlating elements.  

4.4.3 Frequency domain 

In the transform from time- to frequency domain the already embedded MATLAB function Fast 
Fourier Transform (FFT) is used together with the new particle velocity-, time-, and depth vectors. 
In order to perform a FFT a sampling interval has to be set in which the signal is analyzed. For the 
frequency spectra, the frequency analyses may be performed for short sampling intervals. For the 
spectrograms a depth interval is set. Commonly, the frequency analyses are performed for each 
given interval and proceed through the whole signal. 

The sampling frequency was set at the measuring procedure and consequently is the same used 
here.  

Accordingly, the following parameters are set:  

• The maximum frequency range is set to 50 Hz.  

• The sampling frequency, 𝑓s = 3000 Hz. 

• The sampling interval of the signal analyzed, 𝑡𝑠 = 5 s. 

• The depth interval, 𝑑z = 0.05 m  
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Spectrum 

• The number of elements during the sampling interval, 𝑛𝑠 = 𝑓𝑠𝑡s 

The initiation of the frequency analysis starts by determining the number of FFT:s to be 
performed. Given the number of FFT:s, frequency spectra are computed for every 𝑡𝑠 . The first FFT 
is performed from element 1 to  𝑛𝑠 resulting in a frequency spectrum for time 0-5 s. The second 
frequency spectrum for time 5-10 s, etc. Frequency analyses are therefore proceeded in all parts 
of the signal and saved into a frequency spectrum matrix where one spectrum is saved in each 
row. 

When analyzing the frequency content for given points in time the specific start values are the 
basis of the FFT:s performed. The stop values are set to + 𝑡𝑠  from the start values. Vectors are 
therefore created with elements corresponding to the certain start and stop values.  

In the spectrum and spectrogram plots a frequency vector is used; a linearly spaced vector that 
generates 𝑛s points between 0 and 𝑓s.  

Spectrogram 

The procedure is similar to the one mentioned under “Spectrum”. However, in order to analyze 
the frequency content with respect to the depth a depth interval, 𝑑z is set. Frequency spectra are 
computed for every succeeding 𝑑z, resulting in successive frequency spectra from 0 to the 
maximum depth of the borehole.  

For borehole 18BT11, the depth interval is increased to 0.07 m 
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5 Results and analysis 

5.1 Overview of spectrograms 

In Figure 5.1 (a)-(c) overviews of the spectrograms are presented. The spectrograms are plotted 
against the maximum measured drilling depth and arranged to neighboring boreholes according to 
Figure 4.1. 

 

Figure 5.1 (a) Spectrograms for borehole 18BT07, -11 and -14 
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Figure 5.1 (b) Spectrograms for borehole 18BT03, -08, -02 and -01 

 

Figure 5.1(c) Spectrograms for borehole 18BT06, -05, -09 and -04  
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5.2 Borehole 18BT13 

5.2.1 Methods  

• Acoustic soil-rock probing. The depth was not synchronized during the acoustic Jb-probing 
and therefore not applicable. 

• Soil-rock probing (Jb-2).  

• Piston sampler (Kv). Performed at three depths under reference level: 4, 6.5, and 8.5 m 

• Auger sampler (Skr). Performed to a depth of 9 m under the reference level. 

5.2.2 Results 

Figure 5.2 shows selected Jb-2 parameter, soil layer estimated with Jb-2, auger sampler (Skr), and 
piston sampler (Kv). Table 5.1 presents the results obtained from the piston sampler. 

 

Figure 5.2 Borehole 18BT13 
Table 5.1 Results from piston sampler 

Depth under reference 
level [m] 

Test notation Comment 

4 vCl(dc) (si) Brown layered clay with dry-crusted character 

6.5 vCl (si) Grey layered clay with occasional thin silt layers 

8.5 vCl (fsasi) Grey layered clay with occasional very thick fine 
grained silt layers 
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5.3 Borehole 18BT14 

5.3.1 Methods  

• Acoustic soil-rock probing.  

• Soil-rock probing (Jb-2).  

• Auger sampler (Skr). Performed to a depth of 6 m under the reference level. 

5.3.2 Results 

Figure 5.3 shows selected Jb-2 parameters, the maximum absolute value of the particle velocity, 
spectrogram in the frequency range of 0 - 50 Hz, and soil layers estimated with Jb-2 and auger 
sample (Skr).  

 

Figure 5.3 Borehole 18BT14 
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5.3.2.1 Summary 

• Fill, gravel, and sand. Widespread low amplitudes with varying peaks. Figure 5.5 

• Clay, gravel, and sand. Varying and wide frequency content with dominant peaks of 18 
and 22 Hz. Figure 5.6-5.8 

• Dry-crusted clay and clay. Low amplitudes. Figure 5.9-5.11 

• Friction and mixed soil. Wide frequency content. Peaks of 22 Hz. Figure 5.12-5.13 

• Rock. Clear amplitudes of 22 Hz. Figure 5.14 

 

5.3.2.2 Jointing of rods 

Distinct increased amplitudes are visible if observing the penetration resistance and absolute 
maximum velocity, which correlate. The peaks start at depths of approximately 1.5 m followed by 
3.5, 5.5, 7.5, 9.5, and 11.5 m. This correlates to the distance between rods and therefore imply a 
jointing of rods and not differencing soil layers. This is also visible in the spectrogram as lines with 
a wide-ranging frequency content, noticeably at 5.5 and 7.5 m. Observing the frequency spectrum, 
the jointing of rod is visible at 139.5 s as seen in Figure 5.4.  

 

Figure 5.4 18BT14. Jointing of rods (in clay) 

 

  



 
 

 | 25 

 

Figure 5.5 18BT14. Fill, gravel and sand 

 

5.3.2.3 Fill, gravel and sand (Skr) 

A combination of low widespread amplitudes and varying peaks are visible in spectrogram and 
frequency spectra, Figure 5.5.  

5.3.2.4 Clay, gravel, and sand (Skr)  

Widespread amplitudes with different dominant peaks of 18 and 22 Hz (Figure 5.6 and 5.7) may 
imply friction soil. A sudden clear peak of 22 Hz (Figure 5.8) may indicate penetration of boulder, 
especially at these depths, as clear similarities with the rock spectra is visible. Between the friction 
layers there are prominent layers of clay. 

 

Figure 5.6 18BT14. Clay, gravel and sand 
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Figure 5.7 18BT14. Clay, gravel and sand 
 

 

Figure 5.8 18BT14. Clay, gravel and sand (boulder) (observe adjusted scales) 
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5.3.2.5 Dry-crusted clay and clay (Skr) 

The hammer and rotation was off and the rod statically driven down the soil. Low amplitudes are 
apparent in the spectrogram and frequency spectrum both over and under the supposed ground 
water table (Figure 5.9 and 5.10). Spectra with slightly greater amplitudes are observed (Figure 
5.11) which might imply layer of silt as stated according to the results from the piston sampler. 
The ground water table is at approximately 3 m  under the ground surface according to the Jb-2 
and 3-4 m according to Skr.  

 

Figure 5.9 18BT14. Dry-crusted clay (over GWT) 

 

 

Figure 5.10 18BT14. Clay (under GWT) 
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Figure 5.11 18BT14. Clay (silt) 

 

5.3.2.6 Friction and mixed soil (Jb-2) 

The frequency spectra are wide with an explicit dominant peak of about 22 Hz (Figure 5.12 and 
5.13). The spectra resemble those of rock and if comparing to Figure 5.14, the spectra are similar. 
However, a difference can be seen in the spectrogram. The spectrogram may imply additional 
materials, similarly to till.   

 

Figure 5.12 18BT14. Friction and mixed soil (observe adjusted scales) 
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Figure 5.13 18BT14. Friction and mixed soil (observe adjusted scales) 

 

5.3.2.7 Rock (Jb-2)  

Seen in the Jb-2 parameters, the resistance starts to increase around depth 12.5 m. This correlates 
with the absolute maximum velocity and the dominant frequency of 22 Hz and overtone of 44 Hz 
in the frequency spectrum (Figure 5.14) and spectrogram. Between approximately 14-15 m, the 
measuring was interrupted.  

 

Figure 5.14 18BT14. Rock (observe adjusted scales) 
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5.4 Borehole 18BT11 

5.4.1 Methods 

• Acoustic soil-rock probing. The geophone was placed on a 15 kg rubber block. 

• Soil-rock probing (Jb-2).   

5.4.2 Results 

Figure 5.15 shows selected Jb-2-parameters, maximum absolute value of the particle velocity, 
spectrogram in the frequency range of 0 - 50 Hz, and soil layer estimated by Jb-2.   

 

Figure 5.15 Borehole 18BT11 
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5.4.2.1 Summary 

• Fill.  Frequency varying between 18-22 Hz. Layer of clay. Distinct overtones. Figure 5.17-
5.18 

• Clay. Amplitudes low. Figure 5.19-5.20 

• Friction soil. Wide frequency content and distinct peaks varying between 18-22 Hz. Figure 
5.21-5.24 

• Rock. Low amplitudes of 21 and 43 Hz. Just visible in spectra. Figure 5.25-5.26 

Observing the particle velocity, the amplitudes appear similar to other boreholes. However, as the 
rock starts no difference is seen in the magnitude of amplitude. 

5.4.2.2 Jointing of rods 

Distinct increased amplitudes are visible if observing the penetration resistance and absolute 
maximum velocity which mostly correlate. The peaks start at depths of approximately 1.5 m 
followed by 3.5, 5.5, 7.5, 9.5, and 11.5 m. This correlates to the distance between rods and 
therefore imply a jointing of rods and not differencing soil layers. Observing the frequency 
spectrum, the jointing of rod is visible at 70 s as seen in Figure 5.16. 

 

Figure 5.16 18BT11. Jointing of rod 
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5.4.2.3 Fill (Jb-2) 

Frequency content surrounding the distinct peaks, varying between 18-22 Hz. Figure 5.17 and 
Figure 5.18 This may imply friction soils such as gravel and sand.  

 

Figure 5.17 18BT11. Fill (observe adjusted scales) 

 

 

Figure 5.18 18BT11. Fill 
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5.4.2.4 Clay (Jb-2) 

The hammer and rotation were off. Low amplitudes in the frequency spectra (Figure 5.19). This 
imply layers of clay. However, no dry-crusted clay was classified and hence no position of the 
ground water table.  

When the pressure and rotation were turned on a peak of about 13 Hz is observable in the 
frequency spectrum, Figure 5.20. This may imply a layer of friction soil, as it shows similarities to 
Figure 5.21.  

 

Figure 5.19 18BT11. Clay 

 

 

Figure 5.20 18BT11. Clay (friction soil) 
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5.4.2.5 Friction soil (Jb-2) 

A combination of wide frequency content with no distinct peak (Figure 5.21) and clear peaks 
between 20-22 Hz (Figure 5.22-5.24). The hammer and rotation was partly off, implying clay 
layers. 

 

Figure 5.21  18BT11. Friction soil 

 

 

Figure 5.22  18BT11. Friction soil 
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Figure 5.23  18BT11. Friction soil 

 

 

Figure 5.24  18BT11. Friction soil 

 

 

 

  



  36 |  

5.4.2.6 Rock (Jb-2) 

The clear 22 Hz are visible until where the rock is supposed to start. No frequency is observable in 
the spectrogram but low amplitudes are visible in the frequency spectra (Figure 5.25 and 5.26).  

 

Figure 5.25 18BT11. Rock 

 

Figure 5.26 18BT11. Rock 
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5.5 Borehole 18BT07 

5.5.1 Methods  

• Acoustic soil-rock probing.  

• Soil-rock probing (Jb-2).  

• Auger sampler (Skr). Performed to a depth of 6 m under the reference level. 

5.5.2 Results 

Figure 5.27 shows selected Jb-2 parameters, the maximum absolute value of the particle velocity, 
spectrogram in the frequency range of 0 - 50 Hz, and soil layer estimated using Jb-2 and auger 
sampler (Skr). The differences regarding the soil layer characteristics are observed.  

 

Figure 5.27 Borehole 18BT07  
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5.5.2.1 Summary 

• Fill, gravel, and sand. Wide frequency content with varying peaks of 18-23 Hz. Figure 5.29 

• Gravel, sand, and dry-crusted clay. Varying and wide frequency content with dominant 
peaks of 23 and 19-20 Hz. Not as large overtones. Figure 5.30-5.32 

• Dry-crusted clay and clay. Amplitudes low. No clear dominant frequency. Figure 5.33-5.34 

• Friction soil. Wide frequency content near distinct peaks, which vary between 18-22 Hz. 
Figure 5.35-5.36 

• Rock. Clear amplitudes of 22 and 44 Hz. Figure 5.37 

Observing the particle velocity, rather large amplitudes are seen, especially the first two meters. 
However, this is not properly displayed in the spectrogram.  

5.5.2.2 Jointing of rods 

Distinct increased amplitudes are visible if observing the penetration resistance and absolute 
maximum velocity which mostly correlate. The peaks start at depths of approximately 3.5 m 
followed by 5.5, 7.5, 9.5, and 11.5 m. This correlates to the distance between rods and therefore 
imply a jointing of rods and not differencing soil layers. This is also visible in the spectrogram as 
lines with a wide-ranging frequency content, noticeably at 5.5 and 7.5 m. Observing the frequency 
spectrum, the jointing of rod is visible at approximately 173 s as seen in Figure 5.28. 

 

Figure 5.28 18BT07. Jointing of rods (observe adjusted scales) 
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5.5.2.3 Fill, gravel and sand (Skr) 

The absolute maximum velocity shows large amplitudes. However, the penetration resistance and 
spectrogram do not show as high impact. Peak of varying frequency between 18-23 Hz are 
detected in the frequency spectra. Rather wide frequency content with large amplitudes (Figure 
5.29).  

 

Figure 5.29 18BT07. Fill, gravel and sand (observe adjusted scales) 

5.5.2.4 Fill, gravel, sand, and dry-crusted clay (Skr)  

The frequency spectra show a varying frequency content with constant peak of 23 Hz (Figure 5.30) 
as well as various frequency contents; from broad frequency contents with low amplitudes and no 
definite dominant peak to dominant peaks of 19-20 Hz (Figure 5.31 and Figure 5.32). 

 

Figure 5.30 18BT07. Gravel, sand, and dry-crusted clay (observe adjusted scales) 
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Figure 5.31 18BT07. Gravel, sand, and dry-crusted clay 

 

 

Figure 5.32 18BT07. Gravel, sand, and dry-crusted clay 
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5.5.2.5 Dry-crusted clay and clay (Skr)  

The hammer pressure and rate of rotations are off. Low amplitudes implying clay.  

The ground water table is according Skr around 4 m under the reference level. Frequency spectra 
over and under 4 m show broad frequency contents with low amplitudes (Figure 5.33 and Figure 
5.34).  

 

Figure 5.33 18BT07. Clay (over GWT) 

 

 

Figure 5.34 18BT07. Clay (under GWT) 
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5.5.2.6 Friction soil (Jb-2)  

Broad frequency contents concentrated mostly between 13-20 Hz, often with no definite 
dominant peak (Figure 5.35 and 5.36).  

 

Figure 5.35 18BT07. Friction soil 

 

 

Figure 5.36 18BT07. Friction soil (observe adjusted scales) 
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5.5.2.7 Rock (Jb-2)  

The frequency spectra show dominant peaks of 22 Hz (Figure 5.37) with small amplitudes around 
the peak. This imply rock. The spectrogram is dark blue.  
 

 

Figure 5.37 18BT07. Rock (observe adjusted scales) 
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5.6 Soil type assessments 

From evaluating and interpreting the spectra and spectrogram obtained assessments regarding 
soil types have been made. Sometimes the assumptions differ from the classified soil types 
attained from Jb-2 and auger sampler (Skr). This may be due to spectrograms having a more 
fluctuating frequencies and energy distribution compared to the soil types classified by the Jb-2 
and Skr. The results from the piston sampler (Kv) show clear alternations in the clay where it was 
performed but could not be properly used as a guideline in this trial.  

An overview of each borehole is presented in Figure 5.38, 5.39 and 5.40. The red boxes only 
demonstrate where different soil types are in the spectrogram. The soil layers are not necessarily 
limited to the given box.  

 

Figure 5.38 Borehole 18BT14 
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Figure 5.39 Borehole 18BT11 

 

 

Figure 5.40 Borehole 18BT07 
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6 Discussion 
While conducting the successive trials for this project we encountered several unique 
environments and limitations across the four boreholes that provided useful contrast under 
analysis. These contrasting environments highlighted similarities that kept reoccurring as the data 
outputs, all pointing towards specific soil layer sequences. The different environments consisted of 
comparable soil types and as seen in Figure 4.2 the sequence of soil layers for the chosen 
boreholes are very similar with only the thickness of each individual soil type held as the definite 
varying parameter. Assuming similarities in the properties of the soil types enabled the 
identification of commonality in the spectrograms and frequency spectra with regards to build-up, 
shape, and frequency. This revelation was observed within each borehole and respectively 
classified soil layer.  

The additional sampling methods, auger sample (Skr) and piston sampler (Kv), as well as soil 
classification using Jb-probing were analyzed together with the measurements. This may be an 
advantage when comparing and correlating the spectrogram and spectra with the classified soil 
layers. Regarding the methods, the auger sampler works as a good guide-line for the classification 
of soil layers by correlating the frequency content with the sampling results. Yet, the level of 
precision was not enough in order to completely rely on the results of the auger sampler. The 
piston sampler gave a more precise result but was obtained in borehole 18BT13 where the 
synchronizing of depth did not work and no detailed correlation could be made. In the results the 
soil type classifications acted as the basis of which the spectrogram and spectra were analyzed; 
divided with regards to the different classified soil types. Additionally, the samples obtained were 
limiting with respect to the depth where the sampling goes down approximately 6 m, whereas the 
drilling depth goes as far as 19 m. Therefore, samplings which goes as far as the drilling depth are 
needed in order to be able to correlate the identified soil layers with spectrogram and spectra.  

A main purpose of these trials was to see if the use of the spectrogram would give additional 
information to the data attained only from conventional Jb-probing. The spectrograms were 
compared to the Jb-parameters and the results may be interpreted as a synthesis of the two 
methods, providing the same information as the Jb-parameters in one model. Additionally, in this 
trial the clay layers are the most promising candidates for finding benefit from any additional 
information. Silt layers with varying thicknesses and spacing were found stratified in the clay 
according to the performed piston sample. In the spectrogram wide-range frequencies are visible 
which may indicate the layered stratifications of silt. However, this does not exclude potential in 
other soil types. For example may different distinct friction soils include additional information, 
such as till, but due to the limiting depth of the samples performed by the auger and piston 
sampler less credible estimations and assumptions were made. 

The previous research done on the correlation of soil type with the shape of spectrogram and 
relevant frequency spectrum was reaffirmed from our results as distinct soil sequences exhibiting 
consistent behavior. For example, bedrock had a distinct peak of 22 Hz visible in both spectrogram 
and spectrum and in clay the spectra and spectrogram consisted of broad and small amplitudes as 
the hammer and rotation was off when penetrating the clay layers, which resulted in distinct small 
amplitudes in the spectrogram and spectra. 
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The acoustic Jb-probing method had previously utilized geophones installed in the ground. 
However, that is not possible under some field constraints. By using a 15 kg rubber block for 
borehole 18BT11 an alternative was tested through comparison with the neighboring boreholes, 
especially 18BT07. When comparing the results from 18BT11 with 18BT07 overall similarities were 
clear regarding the shape of the absolute maximum velocity, spectrogram, and spectra. Each soil 
layer showed similar peak frequencies except from bedrock where a slight frequency amplitude of 
22 Hz was still visible in the frequency spectrum but not spectrogram. Similarities were also clear 
between 18BT07 and 18BT14. However, despite similarities the signal was low which might result 
in lost information. It may therefore be said; to get a proper signal measurement the geophone 
ought to be installed in the ground and not through an alternative fastening method such as a 
rubber block, but to fully exclude the use of additional fastening methods more tests need to be 
done. 

The estimation of the ground water table using spectrogram and spectrum was of interest and 
task was undertaken through the classification of the soil layers. The transit between dry-crusted 
clay and saturated clay would be detectable as the dry-crusted clay would attain greater 
amplitude. In the results differing amplitudes were observed. These were not consequently from 
dry-crusted clay to clay, and might therefore be the layers of silt identified by the piston sampler. 
This resulted in no conclusive evidence that the estimation was accurate, leaving no clear 
distinction between the saturated and non-saturated clay observed in this thesis. 

In this stage of the development of the method the signal processing works and was relatively 
quick as the input parameters were the data correlating to the chosen borehole. Yet, 
improvements can be made to make it more efficient. For example, integrating of files and 
adaptations to sort out irrelevant data instead of manually choosing multiple start- and stop 
datatips. If the method would to be standardized, the spectrograms and spectra would preferable 
be generated through a more developed and efficient software.  

The method of obtaining the seismic measurements was easy to perform, non-interfering, and 
mainly attained valid data. However, the limitations occurring in this thesis may act as a base for 
the future development of the method. As the process to obtain depth-synchronizing seismic 
measurements is the foundation for the continuation of the method and the signal processing, the 
importance of collecting valid data cannot be stressed enough. During the field study a potential 
disconnection between the measuring equipment occurred which resulted in an invalid 
synchronization. Another development is regarding the data collected during the drilling process. 
If the drilling was synchronized so that only the downward motion was measured it would 
decrease the amount of data as well as help the processing of data. Additionally, the development 
of the method should also include collecting more seismic measurements and thorough samplings 
in order to make further correlations and hence decreasing the uncertainties. 

If able to use the non-interference method of acoustic Jb-probing in the future, it would provide a 
more coherent view of the soil and rock strata. The method may be an economical alternative to 
optimize the conventional probing methods.   
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7 Conclusion 
In this thesis, a continuation of the acoustic soil-rock method was performed. The results reflect 
that this is an adequate way of collecting and analyzing data, with the similarities in the results 
indicating credibility in the method. These similarities were also visible in the trial where the 
rubber block was used, however, the signal attained was low and information may have been lost. 
It can therefore be said that the data will have greater integrity if the geophone is installed in the 
ground.  

A core focus of the thesis was centered on the analysis of the measurements in frequency domain, 
as spectra and spectrograms, and included the potential additional information that the 
spectrogram may contain compared to the Jb-parameters. From the trials that were performed it 
was evident that the most prominent candidates for attaining additional information are the clay 
layers. This due to the fact that detailed variations of frequency ranges are visible, which may 
indicate different soil types, not always visible in the Jb-parameters. Such soil types may, in the 
case of the clay layer, be silt as classified by the piston sampler. This conclusion should not 
disqualify the potential in other soil types as the limitations in the sampling methods may be a 
fundamental factor in this determination. The limiting depth of the samples performed may lead 
to instances without sufficient data and hence are ambiguous assumptions and estimations made. 
The samples ought to be performed to deeper depths, preferable to bedrock level and to a more 
elaborate extent. Consequently, where the soil the samples were taken the capability of the 
analysis improved.   

The final conclusion is that, in this thesis, it was not possible to estimate the ground water table by 
observing the spectrogram and spectra, as there was no clear observed distinction between the 
saturated and non-saturated clay. 

7.1 Recommendations for future research 

The succeeding investigations should aim to perform more extensive and elaborate soil samples 
and more field tests when the current method of acoustic Jb-probing is applied. The acoustic Jb-
probing method has undergone limited field testing, and hence only in a few environments. 
Therefore, it is pivotal to perform more field tests and in a variety of environments. The soil 
samples should be performed throughout the drilling depth and attain clear variances in the soil 
sequences for better correlations between the classified soil layers and spectrograms.  

With the development of the method a few conditions to be achieved in future researches are:  

• To attain more data from both soil samples and the acoustic Jb-probing method.  

• To attain a distinct correlation between soil samples and spectrograms. 

• To improve the efficiency of the method, including both the execution process of the 
method as well as the signal processing.  

• To integrate the seismic measuring equipment with the drill rig.  
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• To integrate and correlate the seismic signals and the measuring of Jb-parameters to sort 
out irrelevant data, for example when the rod is still.  

• To process the signals in a designed software program, which presents the spectrograms 
and spectra together with the Jb-parameters.  

• To ultimately achieve a feasible standardized method.  
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