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Abstract 
Geotechnical investigation was conducted during February and March 2023, and has 
included four exploratoray boreholes, SPT testing, CPTu testing on three 
microlocations, laboratory testing , geophysical surveys with MASW and seismic 
refraction method. Investigation methods were conducted to determine soil conditions 
of the location and provide values for future design purposes. Results of field 
investigation and laboratory testing were used to create basic soil model, which will 
serve as guideline to aid designers for determining foundation depth, excavation 
method, construction pit shielding technology and dewatering operations. 
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1. Introduction  
 

Institut IGH was commissioned for conducting geotechnical investigation inside the centre of the main 
complex of Požeško-slavonska županija. The center of the main complex is situated between the Palača 
velikog župana and Županijska palača on the east and a medieval building on the west. The buildings of 
the main complex were build in 18th century during the rain of Austro-Hungarian empire, except the 
medieval building on the west. Palača velikog župana and Županijska palača including the town hall 
were consistently upgraded until the end of 19th century. During the 18th century the palaces were 
headquarters of the Barun Trenk. 
Geotechnical investigation was conducted on the basis of conceptual architectural design, Rusanov ured 
d.o.o., Zagreb, 2022.  The modern reconstruction includes two new buildings and an underground 
garage. The underground garage will be leaning on the old cellar beneath Županijska palača, and the 
new buildings will be also leaning on the Županijska palača and on the Palača velikog župana. 
Inside the complex itself there are several basic administrative buildings, parking lot with sheds and 
maintenance buildings. Geotechnical investigation was adapted to free space inside the complex and 
with intention not to interfere into daily administrative operations inside the complex.  
Geotechnical investigation was conducted during February and March 2023. Geotechnical exploration 
included four exploratory boreholes depth of 15m, SPT testing approximetly every 2m, CPTu testing on 
three micro locations, laboratory testing on undisturbed and disturbed samples and geophysical surveys. 
The goal of the investigation was to determine geological and geotechnical characheristics of soil on the 
location. The results of the investigation were presented in the geotechnical report which will provide 
guidelines for designers. 
 
2.    Methods 
 
2.1. Geological characteristics of the location 
 
General geological characteristics of the location were determined from main geological maps, sheet 
Orahovica (D. Jamičić, et al. 1987) scale 1:100000 and from sheet Nova Kapela scale 1:100000 (M. 
Šparica, et al. 1980). 
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Figure 1.  Main complex location of Požeško-slavonska županija on geological maps sheet Orahovica 
(D. Jamičić, et al. 1987) (up)  and sheet Nova Kapela (M. Šparica, et al. 1980) (down). 

 
According to the data from geological maps location of the complex is situated on alluvial deposits (a). 
Alluvial deposits are represented by gravels, sandy gravels and silts. Thickness of these deposits is 
aproximetly 10m. 
Loess deposits (I-w3) cover a wide area of city of Požega and Požeška kotlina. Loes deposits were 
created by wind in upper pleistocene in multiple stages depending on the climate conditions. During 
colder periods silt with sand was percipitated, while during warmer periods under the influence of 
atmospheric and underground water clay beds were formed. Thicknes of these deposits does not exceed 
20 meters. 
 
 
2.2. Geotechnical investigation 
 
For the purpose of geotechnical exploration following methods were used: 

 Exploratory drilling on four locations, each location 15m in depth; 
 SPT testing; 
 Field USCS soil classification; 
 Pocket penetrometar and torvane testing on drilled core; 
 CPTu testing with measurement of pore pressure on three locations; 
 Geophisycal surveys using seismic refraction and MASW method. 

 
2.2.1. Exploratory drilling with SPT testing 
 
Drilling was conducted with a drill rig Geotech 605D using rotation technique on four locations (Figure 
3.). During drilling undisturbed samples were taken and SPT testing was conducted approximately every 
2 to 3 meters. After the drilling of the final depth of 15 meters drilled core was photographed, USCS 
soil classification was conducted along with in situ testing with a pocket penetrometer and torvane. 
Undisturbed samples were also taken for laboratory testing. During and after the drilling occurrence and 
level of ground water was measured. 

a 
a 

I-w3 I-w3 
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Figure 2. Location of borehole B-3 with Geotech 605D drill rig. 

 
2.2.2. CPTu testing 
 

Table 1. SBTn (Normalized Soil Behaviour type) soil classification (Robertson, 1990) 
SBTn zone (soil type) Soil Behaviour Type 

1 Sensitive, fine grained 
2 Organic soils - clay 
3 Clay – silty clay to clay 
4 Silt mixtures- clayey silt to silty clay 
5 Sand mixtures – silty sand to sandy silt 
6 Sands – Clean sand to silty sand 
7 Gravelly sand to dense sand 
8 Very stiff sand to clayey sand 
9 Very stiff fine grained 

 
Soil testing using static penetrometer with pore pressure measurement on three (Figure 3.) micro 
locations was conducted using the caterpillar rig Geotech AB-200, which depending on anchoring 
conditions provides maximum force of 200kN. The speed of penetration was maintained within range 
of  20 ± 5 mm/s. While adding rods and during measurement of pore pressure dissipation penetration 
was stopped. Interpretation of field data was conducted using CPT-PRO software (Geotech Ltd.) and 
with recommendations given from Cone Penetration Testing in Geotechnical Practice, Lunne T., 
Robertson P.K. and Powell J.J.M. (1997). Soil classification was done using normalized CPTu 
parameters according to Robertson method Soil classification using the cone penetration test, Canadian 
Geotechnical Journal (1990). This method distinguishes nine soil types. 
 

Table 2. Depth of CPTu testing 
CPTu marking Planned depth of penetration (m) Executed depth of penetration (m) 

CPTU-1 15 15,18 
CPTU-2 15 13,60 
CPTU-3 15 15,24 

2.2.3. Laboratory testing 
 
Testing on undisturbed and disturbed samples was done in geotechnical laboratory of Institut IGH d.d. 
Zagreb. These test were conducted: liquid and plasticity limits (BS 1377:1990, P2-4.5;5) sieve analysis 
(ASTM D422-63(2007)e2), moisture content (ASTM D2216-19), oedometer testing – one-dimensional 
consolidation (ASTM D2435/D2435M-11(2020)), direct shear (ASTM D3080/D3080M-23), uniaxial 
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strength (BS EN ISO 17892-7:2018) and permeability testing in oedometer under variable hydraulic 
loading (HRN U.B1.034)  

2.3. Geophysical survey 
 
Geophysical survey inside the complex was done using two methods, seismic refraction and MASW 
method.   
Seismic refraction utilizes the spreading speed of S-waves and their spatial disposition, for the purpose 
of determening physical and mechanical properties of subsoil. Based on the results of seismic refraction 
survey it is possible to determine depth and thickness of soil, lateral contacts and fault positions. Seismic 
refraction measurement was done along four profiles 33 meters in length. For the survey the geophone 
array was three meters with thirteen seismic source points. For the purpose of data recording 
TERRALOC ABEM PRO 2 digital seismograph was used. The results of seismic refraction are 
represented as a depth cross section with longitudinal waves. 
MASW method was used on four line profiles. Multichannel Analysis of Surface Waves is a method 
which utilizes disperzive charachteristics of surface waves (Rayleighs waves) to determine the spreading 
speed of S-waves by depth (Park et al., 1999). Spreading of Rayleighs waves is a combination of 
longitudinal and transverzal movement between their phase movement. The speed of Rayleighs waves 
depends on the speed of S-waves and the properties of the media (density, Poissons count) in which they 
are spreading. Poissons count is important for determining the relationship between the spreading speed 
of Rayleighs and S-waves. Value of Poissons count 0.25 defines the spreading speed of Rayleighs waves 
which have a value of 92% according to the speed of S-waves (Stokoe et al.,1994). MASW method was 
utilized alongside seizmic refraction profiles and the results are represented as the spreading speed of S-
waves by depth. 
 
 
3. Results of geotechnical investigation 
 
On the basis of data provided by exploratory drilling and laboratory testing borehole logs were created. 
Geotechnical profiles were also drawn on the basis of borehole logs and CPTu testing. On the basis of 
these results geological model of soil was created and it is consisting from six layers (Figure 4.). The 
first layer consists from low plasticity clay (CL) and granular materials gravel (GM), sand (SC) and it 
represents filling material. Below the filling material the second layer is represented by low plastic clay 
(CL). The third layer is represented by granular materials, sandy and silty gravel (GM) and with silty 
and clayey sand (SM, SC). Low plastic clay (CL) represents fourth layer, while the fifth layer consists 
of low (CL) and high plastic (CH) clay. The final sixth layer is represented with silty sand (SM) with 
variable gravel content.  
Results that came from geotechnical exploration gave a clearer picture about the relationship of alluvial 
(a) and loess (I-w3) deposits. This relationship is represented as a interval layer change of gravel and 
sand with clay (Figure 4.). The created geological model was used as preliminary geotechnical soil 
model, which contains six geotechnical units. First geotechnical unit was dived into two blocks a and b. 
Cohesive material (CL) presents block a, while block b consists from granular materials (GM, SC). The 
main aquifer was established at the depth of approximately 12,50 meters.  
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Figure 3. Positions of geotechnical investigation  

 
Figure 4. Geotechnical profile with six geotechnical units from results 

 of exploratory drilling,CPTu testing and geophysical survey. 
 

 
Figure 5. Occurrence and measured level of underground water 
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Because of the previously defined layer change and on the basis of sieve analysis results in all layers of 
granular materials permeability coefficient k was determined using the USBR method. Permeability of 
clay layers was determined from undisturbed samples using permability testing in oedometer under 
variable hydraulic loading.  

� = � ∗ ���
�,� (cm/s) (1) 

Where  
c=0,36 
d20- grain size at 20% passing (mm) 
 

 
Figure 6. Typical permeability values for soils (Casagrande et al., 1940) (from Carter et al., 2016) 

 
Based on the results of sieve analysis and permeability testing in oedometer, permeability values were 
determined. Cohesive materials represented by low (CL) to high (CH) plasticity clay have permeability 
coefficient values from 1,05·10-7cm/s to 7,05·10-9cm/s, and are classified as materials with low 
permeability. Granular materials silty sandy gravel (GM) and clayey to silty sand (SC, SM), have 
permeability coefficient values from 1,23·10-5cm/s to 7,82·10-8 cm/s and are characterized as materials 
with very low permeability.  
Seismic refraction survey results are relatively well coincided with the results from exploratory drilling, 
especially in zones of slower speeds from 600m/s to 800m/s which were defined as a filling material 
during exploratory drilling. 

 
Figure 7. Seismic refraction profile REF-4_POŽEGA with borehole B-4 

 
Results from MASW survey (Table 4.) determined material zones C and D according to EUOROCODE 
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8 document HRN EN 1998-1 :2011, which also showed good correlation values with SPT testing during 
exploratory drilling. (Figure 9.) 
 

Table 3. Length of MASW profiles with EUROCODE 8 soil classification 
MASW profile Length of profile 

(m) 
VS(30) (m/s) EUROCODE 8 soil category 

MASW-1 33 159 m/s D 
MASW-2 33 135 m/s D 
MASW-3 33 193 m/s C 
MASW-4 33 140 m/s D 

 

 
Figure 8. MASW profile MASW-4_Požega 

 

 
Figure 9. Results of SPT blow counts per borehole 
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4. Conclusion 
 
In accordance with the results of geotechnical investigation soil model was created. Geotechnical soil 
model is composed from six geotechnical units, which were defined as a layer change of cohesive and 
granular materials. Cohesive materials are represented by low (CL) to high (CH) clays, while granular 
materials are characterized with clayey silty sands (SC, SM) and silty sandy gravel (GM). 
Boreholes and CPTu testing data were used in creating geotechnical profiles (Figure 3.) of the site. 
Exploratory drilling alongside data provided by CPTu testing gave a good insight of subsoil structure of 
the site. These results have provided guidelines to determine relationship between alluvial (a) and loess 
(I-w3) deposits. The main aquifer depth was established at approximately 12,50m.  
The data provided by seismic refraction was used to confirm the depth of filling material layers defined 
in goetechnical soil model. Values of average shear wave velocity Vs(30) confirmed soil types category 
C i D with values from SPT data.  
Results from SPT and CPTu testing can be used for determening geotechnical soil parameters. From the 
results of geotechnical investigation several recommendations were given.  
Foundation depth of the new buildings must be determined in accordance with foundation depth of an 
underground garage. Before any excavation  activities begin the monitoring of the nearby buildings must 
be defined. All excavation for foundations must be conducted with construction pit shielding 
technology. Excavated material must not be deposited inside the complex area. Dewatering operations 
must also be prepared in case of ground water occurence in layers of granular materials. 
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