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1.Introduction 
Earthing is the most important part of an electrical 

installation that is used to divert high currents to the 

earth during normal and fault conditions. Department 

of electrical power engineering department is chosen 

as a case study because it has office room and 

practical lab for first year students. The objectives of 

this research are to prevent from electric shock for 

creating a reliable environment and workplace that 

student and staffs perform safely their work and to 

have an effective earthing system at the department.  

At the time of the fault, current from the equipment 

flows through the earth grid of the earth and then 

protect them from the fault current. The earth mat 

conductors rise in the voltage which is equal to the 

multiplication of earthing resistance of the earth mat 

and ground fault current. The assembly of contacts is 

defined as earthing.  
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Electrical connection means the metallic conductors 

linking the parts of the installation with the earthing. 

Thus, earthing system is defined as the combination 

of the earthing and earthing connection together. 

Earthing systems are essentially needed for power 

generating substations, central offices, and 

communication tower sites. 

 

According to the earthing of two non-current carrying 

parts of the electrical system, earthing can be 

categorized into neutral earthing and equipment 

earthing. In the former earthing, the neutral of the 

system which has star winding is directly affixed to 

the earth by using the Galvanised Iron wire. This 

earthing is also specified the system earthing that is 

established in the generator, transformer, motor etc. 

The latter earthing is set up with the electrical 

equipment. If any fault occurs in the apparatus, the 

fault current will flow to the earth with the help of 

wire. Earthing can be provided by electrically joining 

the respective elements in the installation to some 

system of electrical conductors or electrodes that are 
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placed near the soil or below the ground level. In 

order to protect people, the current through human 

body has to be kept lower than certain values. 

Whereas in the earthing design of building and 

industries, touch and step voltage calculation are not 

carried out. The total earth grid resistance has to be 

maintained below certain prescribed value [1]. 

 

In electrical installation, earthing system is important 

for safety. The building should be installed with good 

protection that needs an effective earthing system. In 

buildings and industries, rise in potential is due to the 

flow of fault current through the earth. All over the 

world may be considered as a vast conductor which is 

at the reference (zero) potential. The earthing system 

of any installation needs to be designed to handle all 

such faults effectively. Four factors affect the earth 

resistance of an earthing system. They are earth 

electrode’s length, electrode’s diameter, numbers of 

electrodes and earth grid design. If the soil resistivity 

is high, the penetration of the charges into the earth 

mass would be low. Soil leads to varying its 

resistivity and cannot be estimated. So, soils may be 

classified by applying the soil test. The value of 

resistance can generally be decreased by doubling the 

length of the earth electrode. Very effective way to 

be lower earth resistance is driving earth electrodes 

deeply. And, very little effect in decreasing the 

resistance by increasing the diameter of the earth 

electrode. Besides, the resistance level can be 

lessened by hitting multiple electrodes with parallel 

connection into the ground. Using multiple earth 

electrodes with suitable earth mat design provides 

another way to lessen earth resistance. To be 

effective for additional earth rods, the distance of 

these rods must be at least equal to the length of a 

driven earth rod. A single earth electrode driven into 

the ground is a simple earthing system that is the 

most common form of earthing. Earthing system with 

multiple earth rods, connected to grid networks, 

ground plates, and ground loops is called the complex 

earthing system. The shapes of the earth grid design 

are mostly generally found in a line, rectangular, 

circular, square, triangular and star. Common forms 

of earth electrode are plate, rod or pipe and strip type. 

Materials of electrode are mostly copper, aluminium 

and galvanised iron, etc. [2]. Among them, solid 

copper vertical rod for multiple electrodes is driven 

by the parallel connection to earth in this research. 

 

2.Literature review of earthing system 
Oyeleye [3] stated that evaluation of substation’s 

transformer, earthing system, feeder panel and 

lightning grounding of a university in Nigeria to 

prevent from equipment damages, equipment 

malfunctioning, electric shock and electrocution of 

life. For testing an earth electrode system, fall-of-

potential method and clamp-on method are applied. 

Virendra et al. [4] aimed that earthing system design 

for electrical installations of building construction 

and laboratory equipment to save human life from 

danger of electrical shock, to provide an alternative 

path for the fault current to flow so that it will not 

endanger the user, to protect buildings, machinery 

and appliances under fault conditions. Fall of 

potential technique is used in a testing of earth 

resistance. By using good conducting property 

earthing electrode and soil preparation can decrease 

the earth resistance that is also recommended. 

Oyeleye and Makanju [5] presented that evaluation of 

steel reinforcement earthing in swamp building of 

Federal University of Technology Akure in Nigeria 

by using kyoritsu digital earth tester to establish the 

safe limit of potential difference and to operate 

without injury to personnel and equipment. Swamp is 

very wet land with a layer of water. The wetter the 

soil, the lesser its resistance as the soil resistivity is 

directly proportional to earth resistance.  Ayodele et 

al. [6] proposed the comparative assessments of four 

earthing grid system configurations such as 

triangular, rectangular, T and L shape using IEEE 

and finite element methods to determine the best 

earthing grid configuration in terms of earthing grid 

resistance, ground potential rise, touch voltage and 

step voltage for a typical food and beverages industry 

in Nigeria. Michaels [7] member of IEEE, submitted 

that the Equipment Grounding System (EGS) as an 

effective bonding topology for telecommunications 

environments to search feasible options in providing 

an equipotential plane for alternate 

telecommunications bonding infrastructure and to 

obtain the same effect as the standard practices in 

place today. Talaat et al. [8] specified the simulation 

of the electric field and the Ground Potential Rise 

(GPR) resulting from vertical driven rods earthing 

system in a multilayer earth structure that protects 

human beings from harm and reduce damage to 

electrical power system equipment by exploiting 

finite element method, charge simulation method and 

COMSOL Multiphysics software with different types 

of earth models. 

 

Earthing grid designs for heterogeneous soil 

structures in hilly regions using current simulation 

method is reported by Mondal et al. [9] In this 

research, values for grid resistance, step and mesh 

voltage of the grid designs on multilayer and 

heterogeneous soil in hilly region by applying current 
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simulation method. Wang et al. [10] Pan revealed an 

improved method for measuring grounding resistance 

of transport tower that intend to flow the lightning 

current to the earth through the tower grounding 

device based on principle of the clamp meter method 

when a tower has a lightning strike. Maier et al. [11] 

Pica wrote optimal design of vertical earth grounding 

with a rectangular perimeter that intends to allocate 

vertical electrodes for a rectangular configuration on 

two aspects such as dispersion surface area and 

investment cost of earth grounding element with 

considering the connection of conductors between 

electrodes. The higher length of electrodes, the lower 

values of earth resistances and the deduction of the 

distance between electrodes, the lesser the investment 

costs are also described. Maier et al. [12] explained 

methodologies regarding the application of optimum 

criteria to the vertical earth grounding design with a 

rectangular outline to achieve the minimum spacing 

between grounding rods and optimal sizing of 

vertical ground rods based on two criteria such as 

grounding area and grounding total volume. In the 

research journal of safety performance evaluation of 

typical grounding configurations of MV/LV 

distribution substations by Datsios et al. [13] safety 

operation against the danger of critical electric shock 

due to touch and step voltages resulting in case of a 

ground fault. Soil from multilayers impacts on soil 

resistivity, ground potential rise, step and touch 

voltage that are carried out by CYMGrd software for 

20/0.4 kV distribution substation.  

 

3.Methodology 
In this research, copper earth rods are selected to 

drive into the ground that are connected in parallel 

configuration and mixture of clay and soil is chosen 

as a sample of soil according to standard penetration 

test (SPT). Besides, copper hard drawn wire is used 

for the connection of earth rods. Source side is a 

distribution transformer and a building are considered 

as a load side. Terre-terre (TT) earthing system is a 

simple construction that has one or more points of 

energy source directly earthed and the exposed and 

extraneous conductive sections of the building’s 

installation are joined to the local earth electrodes 

that are electrically independent on the source earth. 

The required mathematical equations for evaluating 

of earth resistance for a single rod, multiple earth 

rods and minimum conductor size are illustrated in 

the following equations. Cable factor (K) is used in 

cable sizing that vary in conductive materials. 

Required equations and reference tables are applied 

from BS 7430 code for electrical equipment earthing 

and IEEE 142 for supply system earthing. 

(i) For electrical equipment earthing, 

For a single earth rod,               
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where, 

ρ= Resistivity of the soil (Ωm) 

L= Length of the electrode (m) 

d= Diameter of the electrode (m) 

For multiple earth rods, 
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where, 

R = Resistance of a single rod (Ω) 

n = Number of electrodes 

ρ = Resistivity of the soil (Ωm) 

a = Spacing factor (m) 

s = Spacing between adjacent rods (m) 

λ = Multiplying factor for parallel electrodes [14] 

(ii) For supply system earthing 
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where, 

S= Apparent power (kVA) 

Ifl = Full load current (A) 

VL= Line voltage (V) 

If = Fault current (A) 

Z= Per-unit impedance of the transformer (%) 

A= Conductor cross-sectional area (mm
2
) 

K= Cable factor 

P=Real power (kW) 

IL=Line current (A) 

cosθ = Power factor 

I = Maximum permissible current (A) 
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t       = Fault current duration (s) 

Rn    = Combined earth resistance of N electrode (Ω) 

R     = Resistance of a single electrode (Ω) 

N     = Number of electrodes 

F      = Factor for multiple earth rods in parallel [15]  

 

4.Information of case study 
The electrical power engineering department is 

selected as a case study area and it is situated in Pyay 

Technological University in Pyay city at Bago 

Region in Myanmar. It is constructed with a 

reinforced concrete, cement one storey building. The 

size of this building is (15m x 9m x 5m). The source 

side of this building is 500 kVA, 11/0.4 kV and 

power consumption of this building is 37.93 kW with 

0.85 power factor. The current duration is 0.5 s. The 

TT earthing system is applied in this research. 

 

Firstly, copper rod is used as an electrode from 

various kinds of earth rod. The copper material is 

more conductive than other materials except for 

silver. But copper is cheaper than silver in a practical 

workplace. Copper rod has strong corrosion 

resistance, non-cracking and perfect conductive 

performance. Secondly, the value of resistivity 

depends on soil nature. To classify the soil types, 

Standard Penetration Test (SPT) is carried out around 

this one storey building. From the value of standard 

penetration test in twelve metre, three samples of soil 

are measured. They are back filled soil in one meter, 

a mixture of clay and sand in five meters and sand 

and sandy in twelve meters. A mixture of clay and 

sand soil in five meters is chosen because the 

maximum length of electrode is approximately four 

metre. Uniform soil pattern is taken into account for 

earthing system of a building and a supply 

transformer. From this soil character, the value of soil 

resistivity, 30 Ωm, is selected to evaluate the earthing 

resistance. To maintain this soil resistivity, chemical 

compounds such as charcoal and salt is added to the 

soil. Numbers of the electrodes and earth mat design 

is a third and fourth factor for effective earthing 

system of this building and supply. Multiple earth 

electrodes are connected in parallel configuration to 

reduce the value of resistance. For the allocation of 

multiple electrodes, rectangular shape and triangular 

shape on numbers of electrodes to form a suitable 

earth grid design. 

 

In this research, required parameters for earthing 

system of a transformer and a building are calculated 

by changing the earthing variables that effect on the 

earthing resistance. Three conditions based on the 

above facts are considered to get the lowest earthing 

resistance for a supply electrical earthing and 

electrical equipment earthing. Effective diameter, 

length and spacing of electrodes are evaluated at a 

uniform soil resistivity. The resulted data are 

depicted in the following figures and tables [16]. 

 

5.Results and discussions 
For daily life of residences to be safety, electrical 

installation is very important. Earthing system is one 

of the most crucial aspects of any electrical 

installation and essential part of power network to 

reduce from large electrical disturbances at both low 

voltage level and high voltage surges. Firstly, sizing 

of earth cable for a transformer and a building is 

evaluated from full load current and fault current for 

both systems that are calculated by using Equation 4, 

5, 6 and 7. Cable factor (K) is 115 because of 

Polyvinyl chloride (PVC) copper cable. The earth 

conductor size for a transformer is 120 mm2 from the 

earth fault current. From current carrying capacities 

of a building, phase conductor sizes are calculated. 

According to the minimum cross-sectional area of 

protective earth conductor in relation to that of an 

associate phase conductor, 16 mm2 and 6 mm2 for a 

building’s installation is determined. This cable is 

yellow green copper earth cable. Then, earthing 

resistance for a building is computed by applying the 

value of soil resistivity, 30 Ωm. The appropriate 

value of λ is taken from factors for parallel electrodes 

on a number of earth rods. According to Equation 1 , 

2 and 3, the value of earthing resistance is computed 

by varying the diameter of electrode, length of 

electrode and spacing of adjacent electrodes to 

achieve the value of resistance that is less than 2 Ω. 

 

Three conditions are considered to get an acceptable 

earthing resistance of a one storey building.  

Condition I is the changes of diameter of electrode to 

get an effective diameter of electrode. In Figure 1, 

resistance is decreased from 1.19 Ω to 1.03 Ω with 

four rods if the diameter of an electrode increased 

from 0.0125 m to 0.1 m. Thus, the diameter of earth 

rod affects the value of resistance at uniform soil 

resistivity.  Besides, combination of optimal diameter 

from Condition I and variation of the electrode’s 

length is taken into account in Condition II that is 

used to gain effective length of electrode. The 

resistance level and number of electrodes are reduced 

from 2.31 Ω to 1.69 Ω and four rods to three rods 

when the length of earth rod increased from 2 m to 

3.75 m according to Figure 2. To sum up, in Figure 

2, the longer the earth rod, the lesser the resistance 

can be seen. Changes of space between electrodes 

linked with Condition II that is provided for 
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Condition III. In consequence of this, the value of 

resistance is minimized from 1.92 Ω to 1.43 Ω at 

three electrodes with optimal diameter, optimal 

length and expansion of space from 3.75 m to 8 m 

that is shown in Figure 3. By analysing three 

conditions, sizing of earth rods impact on the number 

of electrodes and earth resistance. The spacing 

between electrode effects on earth resistance value. 

Changes in earthing resistance depend on the length 

of the electrode and spacing of adjacent electrodes 

that are depicted in Figure 2 and Figure 3. By doing 

this process, optimal diameter, length and spacing 

between electrodes is produced for the permissible 

earthing resistance of electrical power engineering 

department. Firstly, effective diameter and length of 

electrode from three conditions is applied to evaluate 

the resistance for a single rod of a supply transformer 

from Equation 1. Next, maximum permissible current 

of a single rod is calculated from Equation 8 with the 

duration of the fault that is assumed to 0.5 s. 

Equation 9 is used for finding the number of 

electrodes. And then, earthing resistance on the 

number of electrodes for a transformer is determined 

by exploiting Equation 10. The material and type of 

electrode is solid copper material and vertical earth 

rod that is applied for corrosion resistance and 

conductivity. 

 

It can be seen that the level of earthing resistance is 

obviously decreased to less than 2 Ω by increasing 

the diameter of earth rod, the length of earth rod and 

the spacing of earth rod. If it doesn't satisfy, this 

system is also provided by adding more earth rods 

and modifying the soil surrounding the electrode with 

chemical treatment, salt, charcoal and water to reach 

the desired earth resistance. The minimum earth 

conductor size of a supply transformer and a building 

equipment, earthing system is shown in the following 

Table 1 and Table 2. The relationship of conductor 

material, fault current and duration of current is 

illustrated in Table 1.  

 

 
Figure 1 Condition I, variation of electrode diameter on earthing resistance 
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Figure 2 Condition II, variation of electrodes’ length of earthing resistance 

 

 
Figure 3 Condition III, variation of electrodes’ spacing on earthing resistance 

 

Table 1 Earth conductor size of a supply 

Fault current  

(kA) 

PVC copper 

(mm2) 

XLPE/ copper 

(mm2) 

t = 0.5 s t = 1 s t = 0.5 s t = 1 s 

18.05 120 160 90 130 

 

Table 2 Earth conductor size of equipment  

Current carrying capacity (A) Yellow green PVC copper (mm2) 

64 16 

37 6 
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6.Conclusion  
Firstly, the TT earthing system for one storey 

building and 500 kVA, step down transformer is 

applied in this research. In this system, transformer 

and building need to be effective earthing system. 

Good earthing system must be the lowest resistance 

value. Earthing resistance depends on soil resistivity 

so the lowest resistivity is chosen. Mixture of clay 

and soil is selected for a transformer and a building 

because of the lowest resistivity to calculate the 

earthing resistance. The load consumptions of 

electrical engineering department are collected for the 

conductor sizing. The earth conductor size is 120 

mm2 for a 500 kVA transformer and 16 mm2 and 6 

mm2 for a building. Copper rod is used as an earth 

electrode because it is relatively cheap, lack of 

possible corrosion to fix and can be used to reach into 

deeper. When it is driven directly into the soil, it can 

damage the upper copper layer. Thus, the earth pit 

can make and copper rods put in it. In this earthing 

system, multiple copper electrodes are used and 

connected with parallel arrangement. Effective 

parameters of copper rod are 0.1 m diameter, 3.75 m 

length and 8 m spacing between rods. By this way, 

the resulted earthing resistance’s value of 1.52 Ω is 

for a transformer and 1.43 Ω is for a building. These 

results are within permissible range such as spacing 

between electrodes is doubled with the length of the 

electrode. Variation of diameter, length and distance 

of electrodes is considered in detail to be valid 

because earth rod must keep in touch with the soil 

directly. By using an optimal electrode, the number 

of rods is reduced to three rods in equilateral 

triangular shape for a building’s earthing system and 

six rods in a rectangular shape for a transformer with 

an acceptable resistance that is less than 2 Ω. So, this 

system is an effective earthing system of a supply 

system and electrical equipment because of the 

lowest resistance to prevent from the risk of electrical 

hazards.   
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