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Introduction 

 

Prior to the construction of the new metro line in Budapest, line no. 4 (M4 line, henceforth) 

from 1960s to 1980s more than 500 boreholes and core drillings were made to evaluate the 

engineering geological conditions, of which 180 were drilled close to the actual line 

(Szlabóczky 1980). During the subsequent explorations additional boreholes were made, 

which provided a huge but very heterogeneous data-set on engineering geological conditions. 

The main aim of this thesis is to provide an overview and a re-interpretation of the 

engineering geological parameters available for the region by using a re-evaluated database 

and geo-mathematical methods. The large set of data allowed the application of multivariate 

analyses which have not been used previously for engineering geological interpretation in 

Hungary. Simple statistical analyses are useful tools; however, multivariate analyses provide a 

better tool for the identification of relationships between physical parameters of soils and 

rocks. Previous applications of multivariate analyses are known in palaeontology, 

geochemistry or hydrogeology, but their use in engineering geology is not common in 

Hungary. The method allows us to compare the mechanical behaviour of rock formations, 

which is strongly controlled by multiple parameters. With the help of multivariate analyses it 

is possible to compare the results and overcome the differences in testing technology of 

laboratory analyses of the past decades and recent years. To avoid discrepancies in laboratory 

testing methods and technical differences, the data set of the core drillings and core logs of 

1970s were used for multivariate analyses. 

The study areas were selected for two reasons: i) the most problematic and risky part of the 

M4 line, from a geological point of view, was the Danube crossing part, and ii) the Kálvin 

square area have primary importance, since the future metro line (M5) will intersect the M4 

line at the Kálvin square zone. The following station of Rákóczi square and its surroundings 

have similar geological setting allowing the comparison of the areas. 

This part of the city centre of Budapest has a complex engineering geological setting which is 

only partly known, and with a better understanding of the area any future development or 

engineering geological design can be facilitated by using the newly interpreted data set of this 

thesis. 
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Geological setting 

Budapest is characterized by morphology controlled geological setting, with a low laying flats 

mostly covered by Miocene sediments on the eastern side of river Danube, and elevated side 

of Buda Mountains on the western side (Schafarzik et al. 1964).  

Along the metro line the Eocene-Oligo-Miocene sediments are covered by Quaternary alluvial 

sediments of river Danube. The late Triassic carbonates are covered by Eocene sequence, 

representing the earliest post Mesozoic sediments deposited over an unconformity (Fig. 1) 

(Fodor et al. 1994).  

 

Fig. 1. Lithostratigraphic column of Budapest area showing the most important lithologies 

along the M4 line  
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The new metro line (M4) in Budapest can be dived into three structural geologically different 

sections (Fig. 2): i) the first section is at Buda side (from Kelenföld railway station to St. 

Gellért square), ii) the Danube crossing part (from St. Gellért square to quay of Pest side) and 

iii) Pest section (from Fővám square to Keleti railway station) (Raincsákné 2000).  

 

Fig. 2. Uncovered geological map of Budapest M4 line (simplified after Raincsákné et al. 

1998) 

 

The first section, the Buda side, is fairly homogeneous in terms of pre-Quaternary sediments, 

and is characterized by the presence of Early Oligocene Kiscell Clay Formation. The Danube 

crossing part forms a typical asymmetric horst that is intersected by NW-SE faults. The metro 

line on the Pest side dominantly was cut into Late Oligocene - Early Miocene sediments. The 

intersected sediments become younger from SW to NE along the line. The Miocene sequence 

shows great lithological varieties, from fine to coarse grained sediments including subsurface 

waters. Intercalations of tufaceous layers, bituminous lenticular forms and tectonized, and 

geologically deformed structures are common (Bubics 1978, Raincsákné et al. 1998, 

Raincsákné 2000, Geovil 2005). These are covered by Quaternary river deposits consisting of 

sandy and gravelly sediments.  
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The groundwater table is controlled by river Danube forming a hydrostatic system. Two 

major flow systems have been identified, one that directs to the river Danube and the other 

one that shows NNW-SSE flow trajectories. The subsurface water flow in Kiscell Clay is 

primarily controlled by faults and joints. On the Pest side, due to the large and extended sandy 

aquifers, the ground water table is controlled by the river Danube. At a distance of 2 

kilometres from the river bed, the influence of river is clearly documented especially because 

of the high conductivity of sandy Miocene layers (Juhász 2000). 

 

Methods 

Data 

The present investigation relies on various resources, such as geotechnical-engineering 

geological reports, maps, core descriptions and core logs found at the data storage facility of 

the Geological and Geophysical Institute of Hungary (MFGI), Construction and Geotechnics 

Data Repository (VÁTI- ÉGA), and other companies, as well as published papers. In the past 

decades, some of the core data that was stored on paper was lost or has a restricted access. As 

a consequence, this study tries to gather all existing data of the study area to reduce the 

potential risk of future loss. Reading and processing the available data clearly showed that the 

geological interpretation of the study area and the evaluation and description of core logs have 

changed in the past century and thus contradictory results were also found. However, it was 

necessary to use all these resources to get a clear overview and to allow a correct re-

interpretation of the geological conditions. 

The data used in this study was obtained from borehole logs and core descriptions as well as 

from soil mechanical reports and geological profiles and descriptions. Nearly 70 boreholes 

were drilled at the Kálvin square and the Rákóczi square areas but the geographic coordinates 

were not available for some cores and therefore these were not used for the analyses. Some of 

the drilling descriptions were incomplete and thus it was difficult to read or interpret those. 

Additionally, the summary reports of later activities were also available, but no recent results 

of laboratory analyses and engineering geological reports were found. The studied drillings 

were drilled in the 1970s (drilling codes of 300-, K-, T- and Z-), while the drillings 

represented by P symbol were made in 1989, and the ones of Ra-06 were drilled in 2006 (Fig. 

3).  
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Fig. 3. The studied boreholes marked by circles (red colour indicates the core drillings, which 

provided adequate data for the analyses in this thesis) (Modified Google Map) 

 

The penetration depth of core drillings was between 31 and 75 metres. Some of the past 

laboratory analyses used archive data and units, which were modified according to SI units. 

The digitalized data base contains the data set of 41 core drillings (2041 m of cores in total) 

with 9554 data points, which were digitized (Table 1).  
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Table 1. Data set used in the thesis 

number of data 

drillings (code of boreholes) 
summary (no. 

of data points) 300 K T Z P Ra-06 

Water content w [%] 830 326 237 1550 155 120 3218 

Grain-size 

distribution 
- 257 49 77 551 132 162 1228 

Index of 

plasticity 
IP [%] 180 146 25 308 43 71 773 

Coefficient of 

skewness 
U [-] 78 47 11 154 35 119 444 

Void ratio e [-] 99 67 25 124 149 94 558 

Water content r [-] 99 67 25 124 81 0 396 

Water saturated 

density 

ρ0 

[kg/m
3
] 

99 67 25 124 171 0 486 

Dry bulk density 
ρd 

[kg/m
3
] 

99 67 25 124 83 0 398 

Density ρ0 [t/m
3
] 0 0 0 0 0 95 95 

Angle of friction φ [°] 83 63 21 122 37 37 363 

Cohesion 
c 

[kN/m
2
] 

83 61 21 122 37 37 361 

Compressive 

strength 
δ [kPa] 87 63 21 124 142 0 437 

Modulus of 

elasticity 
E [kPa] 0 0 0 0 115 95 210 

Poisson-ratio µ [-] 0 0 0 0 0 33 33 

Water 

conductivity 
k [m/s] 13 20 0 62 45 32 172 

CaCO3 content [%] 84 0 34 105 29 0 252 

Sulphate content [%] 0 0 0 0 0 32 32 

RQD [-] 0 0 0 0 98 0 98 

Summary no. of data - set 

of drillings 
2091 1043 547 3594 1352 927 9554 

 

Statistical analyses, multivariate analyses 

The minimum, maximum, average (mean), standard deviation and median were calculated for 

every obtained parameter. For these analyses the Microsoft Excel software was used. The 

correlation between parameters was made for each lithologies and were calculated for drilling 
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depth. To obtain these results, multivariate analyses were necessary, for which SPSS software 

was used. 

Prior to the application of multivariate analyses filtering of data was necessary, since data 

with strong correlation cannot be used for cluster analyses. To analyse stochastic relationships 

matrix of correlation was used. The correlation coefficient (R) and its square, the coefficient 

of determination (R
2
) describe the linear correlation (Miller and Kahn 1962). When |R|≥0,7 a 

strong correlation, when |R|≤0,5 a weak correlation is detected.  

For the data evaluation, it is important that no missing data occur in the matrix. The samples 

with missing data points were not used in the analyses. The extreme values were evaluated by 

using published results and theoretical issues, thus mistyping and false analytical results were 

eliminated. The cluster analysis is a multivariate analysis that allows to reduce dimensions 

and to group samples into fairly “homogeneous” groups. These groups are called clusters. The 

data within each cluster are similar when ‘n’ parameters are considered (Anderberg 1973, 

Stockburger 1998, IBM 2010). The grouping is based on similarities and dissimilarities, and 

for its application the preliminary understanding of groups is not needed. The tool of the 

cluster analysis is the linkage distance, which is gradually calculated (Gross et al. 2010) and 

visualized in dendograms (Fig. 4). Based on our experience and former references it is 

necessary to clarify how many clusters or geologically justified groups are within the data set. 

 

Fig. 4. A dendogram; the hierarchic classification system of cluster analysis 

The existence of the clusters was verified by using hypothesis tests, by using linear 

discriminant analysis. It was necessary, since the lack of hypothesis tests might lead to the 

misinterpretation of results. The discriminant analysis was performed to describe the extent to 
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which the planes separating the groups could be distinguished. The result of discriminant 

analysis is shown in percentages of the planes that separate groups (Duda et al. 2000, 

McLachlan 2004), and it provides information on the grouping of each sample. When a 

repeated discriminant analysis is made, the first grouping is considered as primary and the 

second grouping provides a new result. These steps are repeated as long as there is no 

difference between the primary and the suggested grouping. The results are often shown in 

planes representing the first two discriminating planes (Kovács et al. 2014). 

The role of each parameter in determining the clusters were analyzed by suing Wilks’ λ 

distribution as it is given in equation (Eq. 1). This equation provides information on the sum 

of squares within the group as a ratio of the total sum of squares (IBM 2010, Kovács et al. 

2012).  

(Eq. 1.) 

𝜆 =
∑ ∑ (𝑥𝑖𝑗 − �̅�𝑖)

2
𝑗𝑖

∑ ∑ (𝑥𝑖𝑗 − �̅�)2𝑗𝑖
 

Where xij is the „jth” element of the „ith” group and �̅�i the „ith” group’s mean, while �̅� is the 

total mean.  

The relationships between each group can be visualized on box-and-wishkers plots (Fig 5.) 

(Norusis 1993). 

 

Fig. 5. Box-and-whisker’s plot 
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New results 

The bold letters show the principal results while the introduction and interpretation are given 

in non-bolded text style. 

PRINCIPAL RESULT 1 

By using the engineering geological parameters of core drillings of Kálvin square area a 

new fault zone was identified. This newly defined fault zone is NNE-SSW oriented and 

has a SE dip according to structural geological information. Compiling the archive and 

latest borehole data it was possible to identify a zone, where think intercalations are 

found and can be visualized as wedging out structures on the western flank of Rákóczi 

square, however in between two boreholes the presence of a neo-tectonic structure can 

not be ruled out.  

The strike of the normal fault in between Z-44 and Z-47 boreholes can be compiled since it 

also appears in between Z-45 and Z-48 boreholes that are located to the North. These latter 

boreholes were not considered in previous works since they are found further away. The fault 

is NNE-SSW oriented and considering the structural geological rules it is nearly parallel to a 

normal fault that is located in between boreholes of Z-47 and Z-43 and Z-45 and Z-41. It has a 

SE dip (Fig. 6). To further clarify the exact location of the faults and their displacements it 

would be necessary to study the core log of Z-49 drilling which is not available.  
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Fig. 6. Geological cross sections at Kálvin square area 

 

The structural geological conditions are not clear in between boreholes of Z-36 - Z-37; Ra-06-

2 - Ra-06-4, and Ra-06-1 - Ra-06-3. Based on the available geological data there could be 

either a fault zone or wedging out of Miocene strata (Fig. 7). 
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Fig. 7. Geological cross sections at Rákóczi square area 

 

Publications: Bodnár, Török 2010, Bodnár, Török 2011; Bodnár 2012 

 

PRINCIPAL RESULT 2 

Using multivariate analysis (cluster, discriminant analysis), the possibility to delineate 

groups (clusters) from a large data set that have significantly different soil mechanical 

parameters than the ones of the other groups (Fig. 8), and even though these were 

identified by using the same name in the lithological description of the core logs has been 

proven. The thesis demonstrated that these methods are appropriate to use for obtaining 

additional data from the engineering geological parameters, and they allow the refining 

of the engineering geological model of a given area.  

For the evaluation of 252 data of core logs and laboratory analyses of boreholes 303–309, T7–

T8, K-4–K-10, and Z-34–Z-48 the following parameters were appropriate for analyses: void 

ratio, dry density, angle of internal friction, cohesion and compressive strength. With the 

processing of this data set I could prove that by using multivariate analysis the samples that 

are listed under the same lithological name in core description have very different physical 
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parameters, i.e., the lithology cannot be considered as a control parameter in such core 

descriptions.  

 

 

Fig. 8. Discriminant results projected onto the 2D surface of the first two discriminants (5 

parameters: void ratio, dry density, angle of internal friction, cohesion and compressive 

strength) 

 

Publications: Bodnár et al. 2011a; Bodnár et al. 2011b; Bodnár et al. 2013; Bodnár et al. 

2015a 

 

PRINCIPAL RESULT 3 

I have proved that parameters that show a strong correlation during cluster analysis; in 

other words negligible parameters in terms of mathematics; have to be analyzed from 

engineering geological point of view. An example that compressive strength and 

cohesion show a significant correlation (0.95), however to leave out of consideration any 

of these parameters the grouping has changed significantly.  
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When cohesion or compressive strength was not considered in the cluster analysis the results 

of the cluster analysis were different. The grouping was modified less when compressive 

strength was not included (Fig. 9), since in the 5 parameter analysis the first group overlapped 

90% with the first and second group of the 4 parameter analysis. The second and third group 

is coherent with the united third group. The fourth groups of the analysis are equal. The 

cluster analysis without using the parameters of cohesion shows a very different image with 

significant data scatter (Fig 10.). The first group of data in the 5 parameter analysis cross-

comply 90% with the first group, but for all other groups the data set distribution changed 

significantly.  

In the cluster analysis it is suggested not to consider one of the two strongly correlated 

parameters, however from engineering geological point of view this study showed, that the 

cluster analysis of 4 parameters without cohesion or without compressive strength gave very 

different result. As a consequence, the coherent use of these strongly correlating parameters is 

required to obtain reliable results. 

 

 

Fig. 9. Discriminant analysis results projected onto the 2D surface of the first two 

discriminants (4 parameters: void ratio, dry density, angle of internal friction, cohesion) 
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Fig. 10. Discriminant analysis results projected onto the 2D surface of the first two 

discriminants (4 parameters: void ratio, dry density, angle of internal friction, and 

compressive strength) 

 

Publications: Bodnár et al. 2015a 

PRINCIPAL RESULT 4 

The discriminant analysis did not allow differentiating the various lithological categories 

of core logs; a significant overlap was found for the same lithologies. Accordingly, it is 

not possible to predict the physical properties of a given strata based on the lithological 

description. 

Discriminant analysis of the original groups of lithotypes was correctly identified only in 35-

45% (Fig. 11). As a consequence, sediments that were described as sand in the core logs can 

have properties of swelling clay, or alternatively the opposite is also possible. The overlaps 

are also related to the fact that the physical parameters of sediments are strongly controlled by 

material properties and micro-fabric. However this data if available at all; is not reliable for 

the studied core logs and laboratory analyses. The results of this discriminant analysis clearly 

demonstrate that the lithological descriptions can only be used conscientiously with strong 

criticism. 
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Fig. 11. Discriminant analysis results obtained from lithological descriptions of core logs (5 

parameters: void ratio, dry density, angle of internal friction, cohesion and compressive 

strength) 

Publications: Bodnár et al. 2015a 

 

Application of the results, future perspectives 

 

The thesis provides a digitalized summary and a collection of hardly or non-accessible 

engineering geological data-set that were only available on paper. One type of future use of 

this data set is the accomplishment of engineering geological parameters for any planned 

engineering structure at a local scale. The new structural geological features described in the 

thesis, as well as the re-evaluated physical parameters of the sediments will provide additional 

information for the design of the planned metro line 5 (M5) that has an intersect at Kálvin 

square. With the application of multivariate statistical analyses used for grouping engineering 

geological parameters a new perspective of data sets were obtained allowing the clarification 

of lithological descriptions. It is a good tool to identify significantly different sample groups. 

This helps in the compilation and in the comparison of old data sets with the newly measured 
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laboratory analyses. Comparison of the data requires a precautious validation of results. 

Future research in this field provides additional data which can be later included in future 

analyses. 
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