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Abstract: The electrical resistance in an earthing system basically consists of resistance of earthing conductors that is 

negligible and earth transresistance that depends on earth specific resistance varies with earth geology. In our country, 

designs are made considering earth specific resistance as 100Ω without making any measurements in most practices 

because these measurements are time consuming and costly. But this may cause important security gaps. This study is 

carried out to determine the answer of the question whether earth specific resistance could be determined without 

making any measurements? In this study geological data-earth specific resistance relation is modelled with decision 

tree classification algorithms in Weka software environment. The study is performed on the field that is located in 

Turkey. Estimation results yielded significant outputs. We expect this study to be pioneer for more widespread 

practices enhancing field diversity. 

 

Keywords: Classification model, data mining, decision tree algorithm, earth specific resistance, earthing system, 
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I. INTRODUCTION 

 

Electrical protection could be defined as preventing 

electric current from passing through a false place or 

letting it pass in a dimension and time without giving any 

harm. One of the protection means in power installations 

are earthing systems that is primarily concerned with 

safety, in particular the prevention of electrical shock risks 

to life. In this context, an earthing system should be within 

the values to overcome faults and leakage currents. For 

this purpose, earthing systems should be designed, tested 

and maintained in such a way that it could meet this basic 

requirement [1, 2]. In order for this system to enable 

expected protection, electrical resistance of the device to 

be earthed from the body to earth should be low enough. 

This electrical resistance basically consists of resistance of 

earthing conductors and earth transresistance of earthing 

conductors.  Since resistance of earthing conductors is 

negligible, main significant resistance in the system is 

earthing transresistance of earthing conductors. 

Earthing transresistance value is calculated dependent on 

the type of earthing conductor used in earthing systems, 

earthing method and earth specific resistance (ESR) 

varying with geological structure of the earth. According 

to the results of the measurements carried out in various 

parts of the world, specific resistance (SR) of the earth 

surface has a value range between 2 to 10.000 Ωm. 

Besides, geomorphologic studies reveal that ESR may not 

have the same values even for the same type of rock in 

different regions.  This shows that it is likely to make big 

mistakes in SR estimations in the regions where SR  

 

 

measurement is not possible [3]. Considering the 

importance of measuring ESR and system earthing 

resistance correctly by means of electrical safety, it can be 

seen that there is a need for more accurate SR estimations.  

In this sense, efforts to associate ESR with geological 

structure date back to old times [3-7]. In general, these 

studies can be studied under two major topics.   One is 

about determination of under earth structures.  Upon 

analysing literature, there exist a number of studies within 

a wide range. Some of these could be specified as soil 

examinations of engineering constructions [8], 

investigation of under earth water and environmental 

pollution [9-11], under earth water and geothermal 

research [12], mine research [13], archaeological research 

and oil research [14]. As can be seen, the studies in this 

part are concerned with determination of geological 

structure from SR within ESR-geological structure 

relation.  The other one is about evaluation and relation 

ESR and earth geology of that area.  In these studies, 

findings of various experimental analyses carried out can 

be seen. In these studies SR is measured at certain points 

and geological structures are also studied at these points. 

Thus, electrical measurement results and geological 

structure evaluations are associated and generalized, in 

this way conventional tables are obtained to show possible 

ESR values for various kinds of earth.  In these 

preliminary studies, only regional geology, that is, earth 

layers lying right beneath earth and other loose surface 

materials are taken into account [3]. Nevertheless, while 
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comparing measurement results and geological structures, 

inconsistent and sometimes inexplicable findings are 

found. In the light of these findings, it is concluded that 

regional geology alone is ineffective to determine ESR 

and that instead, deeper geological structure in earth 

structure is to be taken into account since earth has no 

regular structure.   Hence, assumption of a consistent SR is 

practically not valid. In earth layers, changes in depth lead 

to changes in SR values. For this reason, SR 

measurements should be performed regionally and in 

regions deeper below the surface [15-18].   

Considering the situation of earthing standards of today, 

we can see that in Turkey and even in developed countries 

such as the United Kingdom and the United States of 

America, ESR is mostly determined in terms of certain 

standards without making measurements, which could lead 

to extremely important security gaps [15]. In Turkey, 

following Kocaeli earthquake in 1999, it is obliged to use 

geological data during construction of structures 

possessing power installations.  The aim here is to 

determine to what extend the region carries risk of 

earthquake in view of data obtained. But in this study, we 

studied disponibility of data obtained from the geological 

structure study carried out to determine risk of earthquake 

in estimation of ESR value.  
 

In the study, we determined a residential area of 

14.000.000 m2 having border to Bursa-Eskişehir-Ankara 

highway as pilot region and used geological features in 

depths of 0-3m, 3-10m and 10-20m of earth, respectively 

beside the layers of earth‟s crust lying just beneath earth 

and other loose surface materials.  Places of borehole 

points in the region are found and ESR measurements are 

performed at these points. To perform this estimation, 

classification models are set with decision tree 

classification algorithms in Weka software environment 

using databases formed by geological data and ESR 

measurements and availability of ESR is studied without 

making measurements solely by using geological structure 

knowledge. In the rest of the paper; in Chapter 2 materials 

used in this study are introduced and classification 

algorithms used in modelling are explained, in Chapter 3 

development of ESR estimation model is given. In Chapter 

4 results and discussion are introduced and in Chapter 5 

conclusion is given.  

 

II. MATERIAL AND METHOD 

 

A. Material 

Your Two kinds of materials are used for this study: 

Geological data and ESR measurements. The geological 

data determined in the context of the obligatory during 

construction of building having power installation are 

obtained from İnegöl city hall. The ESR data 

measurements are performed by us. Both of the data are 

obtained for 41 boreholes in the field of study. Then these 

data are used to construct and test the model to estimate 

the ESR value from earth geology.  

 Geological Data 

Field of study, whose site location map and geographical 

map is given in Figure 1, is located within the borders of 

the districts of Akhisar and Çakırçiftliği of İnegöl in the 

city of Bursa, being 40 kms away from Bursa and 5 kms 

from İnegöl. In the west, it is adjacent to Bursa-Eskişehir-

Ankara highway. 

 Field of study covers an area of 1060ha ̴ 10.600.000 m2. 

It is surrounded with Karalar Village on the North, Bursa- 

Ankara highway on the South, Industrial Zone on the east 

and the districts of Çakırçiftliği on the west.  Field 

measurements are carried out between 08.04.2006 and 

30.05.2006, and in the measurements an acker type rotary 

driller mounted on the lorry is used, and also a geological 

engineer, a driller and two assistant drillers are assigned. 

In field studies, drilling is performed by carrying out a 

standard penetration test (SPT) every 1,5 meters in 

aqueous system and by taking damaged, undamaged and 

borehole samples with reference to general characteristics 

based on geological-geotechnical research principles. 

 

 
(a) (b) 

Figure 1. Measuring Range a) Site Location Map b) 

Geographical Map[19] 

 

In the region are 41 boreholes. For the depths of 0-20 

meters, geological data obtained from these boreholes 

include characteristics such as moisture, rigidity, absolute 

material, proportional mixture and little mixture. In this 

study, however, data from only 20 boreholes in the region 

are used since data from the rest of the boreholes included 

some ambiguous values. Geological data from one sample 

borehole are given in Table 1.  

 

 Earth Specific Resistance (ESR) Data Measurements 

In this study ESR measurements are performed using 

Wenner method for borehole points in the field. Detection 

of borehole point coordination by means of Universal 

Transverse Mercetor (UTM) format in meters are 

performed using maps given in Figure 2a and Figure 2b. 

Afterwards, the same cadastre plan given in Figure 3 is 

matched up with the geographical map given in Figure 1b 

and current coordinates of corner points of cadastral map 

sheets in terms of UTM are specified in conversion map of 

latitude into longitude in the cadastre plan and then they 
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are converted into degrees. With the conversion, 

coordinates of borehole points are defined in terms of 

degrees and for 40 borehole points ESR are measured by 

Wenner method. Measurement results obtained varied 

within the range of 0-60Ω. 

 

TABLE I GEOLOGICAL DATA FOR A SAMPLE BOREHOLE 

 
Depth (m) Moisture (%) Rigidity Absolute Material Proportional Mixture Little Mixture 

0-3 24.2 Loose Riprap Riprap Sand 

3-10 36.8 Medium stiff(3- 6) 

/Stiff(6-10) 
Clay Clay Sand 

10-20 29.3 Loose(3-6) /Stiff(6-10) Sand Gravel Silt 

 

In ESR measurements there are several classical 

techniques [20]. As shown in Figure 4, the Wenner 

technique is the commonly used one. This technique uses 

four equally spaced, short electrodes placed in a straight 

line and the same depth of penetration, resistivity 

measurements depend on the distance between electrodes 

and soil resistivity, and conversely do not depend 

significantly on the size and material of the electrodes, 

although it depends on the kind of contact is made with the 

earth. The basic principle of this method is the injection of 

a DC or low frequency through the earth between two 

electrodes C1 and C2 while the potential which is 

measured between two electrodes P1 and P2. These 

electrodes are buried in a straight line and equally spaced 

between them. The ratio of V / I is known as the apparent 

resistivity. The apparent resistivity of the ground is a 

function of the resistance and geometry of the electrode. In 

performing the Wenner test, it is assumed that the 

electrodes are small and shallowly inserted and that the 

earth is horizontally uniform. 

 

 
(a) 

 

 
(b) 

Fig. 2.  Measuring Range a) Site Location Map b) 

Geographical Map 

 
Fig. 3.  Cadastre plan conversion map of lattitude into 

longitude 

 

B. Method 

Process of searching for correlations and rules that enable 

us to make estimations about future is called data mining 

[21]. One important issue of data mining is classification 

attracting great attentions by researchers. Classification 

defined as discretisation of data with respect to common 

characteristics they involve, consists of assigning a class 

label to a set of unclassified cases. The objective of 

classification is to analyze the input data and to develop an 

accurate description or model for each class using the 

features present in the data. This model is used to classify 

test data for which the class descriptions are not known 

[22].  

 

 
Fig. 4.  Wenner configuration 

 

In general there are two types of classification: Supervised 

and unsupervised. In supervised classification the set of 

possible classes is known in advance. The input data, also 
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called the training set, consists of multiple records each 

having multiple attributes or features. Each record is 

tagged with a class label. In unsupervised classification set 

of possible classes is not known. After classification we 

can try to assign a name to that class and it is called 

clustering. In literature, there are many classification 

methods used [22].  Some of these are decision trees, 

Bayes classifiers, artificial neural networks, etc.    
 

Decision trees are used commonly in classification models 

since they are easier to structure and to understand 

compared to other methods [23] and also provide a useful 

solution for a good number of classification problems 

where large data bases are used and for complicated or 

mistaken information. This method is a simple recursive 

structure for expressing a sequential process in which a 

case, described by a set of attributes, is assigned to one of 

a disjoint set of classes. Each leaf of the tree denotes a 

class. An interior node denotes a test on one or more of the 

attributes with a subsidiary decision tree for each possible 

outcome of the test. The process of classifying a case starts 

at the root of the tree. If this is a leaf, the case is assigned 

to the nominated class; if it is a test, the outcome for this 

case is determined and the process continued with the 

subsidiary tree appropriate to that outcome. 
 

In this study, a classification model is developed in order 

to estimate the ESR using earth geology. First the ESR 

estimation model is developed by using decision trees 

classification algorithm that is a supervised technique. In 

the application four different decision tree classification 

algorithms are used. These are J48, LADTree, NBTree and 

RandomForest. Then to make sense of and interpret the 

results k-nearest neighbour clustering algorithm that is an 

unsupervised classification method is used in order to see 

the range of the ESR values in the field of study. The brief 

explanation of the used classification algorithms are given 

below.  

 

 J48  

This method uses C4.5 algorithm, which is an improved 

application of ID3 algorithm. In learning period this 

method uses the concept of normalised knowledge 

acquisition. This concept is a division criterion used to 

select the feature which could divide the pattern set that 

goes into each tree node effectively. For all the nodes to be 

formed, an equivalent value is found using a qualification 

that gives the highest yield in that node. By this threshold 

value, a rule is formed which could divide the related node 

into branches. Each node is divided into two branches 

according to whether the inequality is right or wrong. This 

process is repeated until leaf nodes are reached. Each leaf 

node represents a different class [24]. 

 

 2)  LADTree  

It produces a multiclass for decision tree, that is, it can 

perform more than two class entries and carry out logistic 

regression using logitoot strategy [25].   

 3) NBTree  

This decision tree is a hybrid method which is a 

combination of simple Bayesian and decision tree 

methods.  The only characteristic of this method that 

distinguishes it from classical recursive solution method is 

that each of the leaf nodes reaches a decision using NB 

classifier. An important characteristic of this method is the 

assumption that features found on the basis of NB-based 

methods are independent of each other [26]. 

 

 4) RandomForest  

This method uses a great number of decision trees.  While 

forming random forest, bagging method is used and in 

each tree node, random feature selection is performed 

[27]. 

 

III. DEVELOPMENT OF ESR ESTIMATION 

MODEL 

 

The ESR estimation from earth geology performed on 

Weka software is actually development of a classification 

model. This process can be summarized as follows: 
 

First Step: A database is constructed using the geological 

data and ESR measurements given in previous chapter. In 

Table 2, a database template is given. In this pattern each 

row corresponds to a sample datum.  Columns show the 

different attributes of this sample. The column on the far 

right is the class attribute of data.  In the pattern, m 

separate samples with n separate attributes can be seen.  In 

our database geological features such as moisture, rigidity, 

absolute material, proportional mixture and little mixture 

are used as attributes and ESR measurement values are 

used as the class attribute. Then this database is used in 

order to obtain the training set and test set that are used in 

the application.  

Second Step: In this step using training set that consists of 

multiple records tagged with a class label, different ESR 

estimation (classification) models are constructed using 

J48, LADTree, NBTree and RandomForest algorithms in 

Weka software.  

Third Step: In this step the performance analyses of these 

classification models are carried out using test set. Thus all 

the records in the test set are classified using these models 

and confusion matrix [28] is constructed according to the 

classification results. The performance of the model is 

presented by using this matrix then the developed 

classification model can be used to estimate the ESR value 

(class label) of a sample soil which only geological 

features are known.   

 

A. Database 

The The database is constructed by using the material 

given in Table 1 and the ESR measurement values based 

on the template given in Table 2. In the database there are 

both numerical and also categorical values. For example 

moisture and ESR measurements are numerical and the 

remaining are categorical values. In order to make the 
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database available for the classification algorithms some 

pre-processing are applied to the data. Accordingly, class 

info (ESR value) defined as numerical value is converted 

into categorical value. For this conversion, ESR values 

varying within the range of 0-60Ω are divided into 

intervals and a categorical value assignment is performed 

in response to numerical data within this interval.   This 

value assignment is applied for 3 different class scenarios. 

ESR values are divided firstly into 2 different intervals as 

to be 2 groups, secondly into 3 different intervals as to be 

3 groups and finally into 5 different intervals as to be 5 

groups, thus three basic databases are formed including 

different number of class attribute for data with the same 

geological characteristics. SR intervals and categorical 

value assignments can be seen in Table 3. Experimental 

studies given in the next chapter are performed separately 

for each of these three different class scenarios in each 

time. 

TABLE III SAMPLE DATABASE 

 

Sample 
No 

Attributes 
A1………………………………An 

 
Class 

 

1 

. 

. 

. 

 
m 

. 

. 

. 

. 

. 

. 

   . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

      

A1,……., An are the n different attributes of the samples  

 

TABLE IIIII CATEGORICAL VALUE ASSIGNMENT TO ESR 

VALUES 

 

Numerical 

Value (Ω) 

Corresponding categorical value 

2Class 3Class 5Class 

0.01-10 a a a 

10.01-20 a a b 

20.01-30 a b c 

30.01-40 b b d 

40.01-50 b c e 

50.01-60 b c f 
    

 

A sample of basic database used for this study is given in 

Table 4. Geological features such as moisture, rigidity and 

etc. set attributes for borehole and ESR value shows class 

information.  

 

B. Database 

In this paper, 3 different experimental studies are 

performed in order to estimate ESR value from earth 

geology using J48, LADTree, NBTree and RandomForest 

decision trees classification algorithms.  In order to do this 

new databases are generated in compliance with 

application from the database a sample of which is given 

in Table 4.  Each experimental study is repeated for three 

times for the same database that includes same geological 

characteristics but different categorical value assignments 

of class attribute as is seen in Table 3 such that 2 class, 3 

class and 5 class scenarios. Studies are carried out in Weka 

software environment and “10-fold cross verification 

method” is used as test method. In this method, data 

source are divided into 10 sections each section is used 

once as test sequence and the rest 9 sections as learning 

section. 

 

TABLE IVV 

A SAMPLE DATABASE FOR A BOREHOLE 

Samp

le 
Attributes 

 

Class 

Hole 
No 

M1/ 
M2/ 

M3 

R1/ 
(R2-R3)/ 

(R4-R5) 

AM1/ 
AM2/ 

AM3 

PM1/ 
PM2/ 

PM3 

LM1/ 
LM2/ 

LM3 

ESR 

1 24.2/ 

36.8/ 

29.3 

L/ 

(MS-S) 

(L-S) 

Riprap/ 

Clay/ 

Sand 

Riprap/ 

Sand/ 

Gravel 

Sand/ 

Gravel/ 

Silt 

a 

 
Mi (i=1,2,3): Moisture for (0-3m), (3-10m), and (10-20m) respectively. 

Ri (i=1,..5): Rigidity for (0-3m), (3-6m), (6-10m), (10-15m)  and (15-

20m) respectively. 
AMi (iI=1,2,3) : Absolute Material for (0-3m), (3-10m), and (10-20m) 

respectively. 

 PMi (iI=1,2,3) : Proportional Mixture for (0-3m), (3-10m), and (10-20m) 
respectively. 

LMi (iI=1,2,3) : Little Mixture for (0-3m), (3-10m), and (10-20m) 

respectively. 
ESR: Earth Spesific Resistance value in Ohms.  

L: Loose 

MS: Medium Stiff 
S: Stiff 

 

On this basis: 

In the first experimental study, classification models are 

formed using the database a sample of which is given in 

Table IV. In this database each sample includes 5 different 

geological attribute values varying with depth such as 

moisture, rigidity, proportional mixture, little mixture and 

also the class information. As we have 3 different depth 

information to be 0-3m, 3-10m, and 10-15m for each 

geological attribute the database used in the first 

experimental study includes 15 geological attributes and 

also the class information. Thus a sample can be 

represented with a 1x16 dimensional feature vector. 

According to the classification results, the highest 

performance is achieved for J48 algorithm for all different 

number of class scenarios. This is followed by LADTree, 

RandomForest and NBTree algorithms. Another result is 

that the highest success of estimation is obtained in 2Class 

scenario of the class information. 
 

In the second experimental study:  Classification models 

are formed including only one of the geological 

characteristics such as rigidity, moisture and etc. for the 

depths of 0-3m, 3-10m and 10-20m.    In this sense, 

models are formed using database a sample of which is 

given in Table 5. Hence, the effect of geological 

characteristics on their own on determining ESR value is 

examined. 3 different classification models are constructed 

for 3 different categorical value assignments of the class 
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information. According to the classification results, the 

highest estimation performance is achieved for humidity 

attribute followed by rigidity in 2Class scenario using 

RandomForest algorithm. This is then followed by J48-

LADTree and NBTree algorithms. 

In the third experimental study: Classification models are 

formed using databases a sample of which is given for the 

depth of 0-3m in Table 6 that includes geological 

properties belong to only one of the depths of 0-3m, 3-

10m, or 10-20m. This study is performed for all of the 3 

different depths and 3 different categorical value 

assignments of the class information for each depth 

separately. Thus, the effect of the value of depth in 

determining the ESR value is examined.  According to the 

classification results it is found that 0-3m and 10-20m 

depth info is more efficient in ESR estimation from earth 

geology than that of 3-10m depth information. The highest 

estimation performance is again obtained for 2 Class 

scenarios.   

 

TABLE V A SAMPLE DATABASE USED FOR SECOND 

EXPERIMENT 

 

Hole No Properties Class 

 

 

 

1 

Moisture 

0-3m 

Moisture 

3-10m 

Moisture 

10-20m 

 

 

24.2 36.8 29.3 a 
    

 

TABLE VV A SAMPLE DATABASE FOR 0-3M DEPTH 

 
Hole  
No 

 Properties Class 

 
1 

M1 R1 AM1 PM1 LM1  
24.2 Loose Riprap Riprap Sand a 

 

M1: Moisture for (0-3m). 
R1: Rigidity for (0-3m).  

AM1: Absolute Material for (0-3m). 

PM1: Proportional Mixture for (0-3m). 
LM1: Little Mixture for (0-3m). 

 

IV. RESULTS AND DISCUSSIONS 

 

In this paper, a data mining application is performed in 

which ESR is estimated using geological characteristics of 

earth. In order to do this geological data-ESR relation is 

modelled with decision trees classification algorithms that 

are J48, LADTree, NBTree and RandomForest in Weka 

software environment. Various type of experimental 

studies in which different databases used are carried out. 

The basic database is constructed using all the geological 

data of the pilot region and also the ESR measurements. 

Then different databases are also constructed using this 

basic database. For example the database used in the 

second experimental study includes only one type of the 

geological property changes with depth. Thus each time 

the effect of different geological properties on estimation 

of ESR using earth geology is analyzed. Results obtained 

in the experimental studies are as follows:  

-- Upon analysing all the results obtained, best model 

performances are achieved in databases in which 

categorical value assignment for the ESR value as to be 

2Class and success of 80% is obtained as the highest 

performance rate. Performance rate is seen to decrease as 

the number of class‟s increases. The reason for this is 

analysed. In this sense, a cluster analysis is performed on 

existing data. By cluster analysis, we determined how 

many different data groups exist in database. Accordingly, 

two separate data groups are obtained. Hence, higher 

performance is achieved in 2 class modelling since it has 2 

separate data groups in the field of study. 

-- It is observed that the moisture and the rigidity 

properties of earth are quite effective in estimation of ESR 

value from earth geology. Then these properties are 

followed by proportional mixture, absolute material and 

little mixture respectively.  

-- In all algorithms, use of 0-3m and 10-20m depth 

characteristics are more efficient in ESR estimation 

compared to that of 3-10m by means of performance. 

-- From decision tree algorithms used for classification 

modelling, highest performance is achieved in 

RandomForest algorithm. This is followed by LADTree, 

J48 and finally NBTree algorithm. 

 

V. CONCLUSION AND FUTURE WORK 

 

Existing correlation analyses between earth specific 

resistance and geological structure date back to old times.  

In literature, there exist various studies used for 

determining some characteristics regarding geological 

structure from ESR. Unlike this, however, there are no 

studies in which an intelligent system is used for 

determining the ESR value from geological structure. 

In this sense, some general and traditional tables are 

formed assigning possible SR values for certain types of 

rocks as a result of various experimental analyses. But as 

is seen from the literature survey while comparing 

measurement results and geological structures, 

inconsistent and sometimes inexplicable findings are 

found. The regional geology alone is ineffective to 

determine the ESR value and that instead, deeper 

geological structure in earth structure is to be taken into 

account. Hence, assumption of a consistent SR is 

practically not valid and SR measurements should be 

performed regionally and in regions deeper below the 

surface.  
 

In this paper, an intelligent model to estimate ESR value 

from earth geology is proposed. In the study, SR 

estimation are performed using certain modelling 

algorithms which are data mining methods. Results 

yielded significant outputs. This study is important as to 

be the first regarding this issue. In the future work 

according to the results that show the importance of 

moisture and rigidity of earth in ESR value estimation 

wider analysis in terms of region and data variety are 

planned using other appropriate classification algorithms 
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to increase the model performance. In this sense this study 

will carried out in a wider range and in various fields also 

considering meteorological data. 
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