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Abstract- The present work focuses to provide information pertinent to safe grounding practices in ac substation design and to 
establish the safe limits of voltage or potential difference under normal and fault conditions. The grounding grid for a practical 
substation has been designed using a computer based program. The supporting data has been obtained from the field values of 
substation. Standard equations have been used in the design of the earthing system to get the desired parameters such as step 
and touch voltage criterion, earth resistance, grid resistance, maximum grid current, minimum number of conductors, size of 
conductors, etc. Moreover substations are also subjected to earthquakes when placed in a prominent zone. The design criterion 
of the overall system gets affected when the earthquake damage factors are taken into consideration. A systematic study of the 
earthquake and its catastrophic effects has been carried out and the design philosophy to be implemented to minimize the 
damages has also been put forward. Seismic consideration becomes very much essential when the overall service reliability of 
the system is to be increased. Considering all the factors, an earthing grid has been designed analytically.  
 
Index Terms- Earthing Grid, Step, Touch, Seismic. 
 
I. INTRODUCTION 
 
The economics of generation of electrical energy and 
huge demands for power in the current scenario 
requires creation of large power houses. In between 
the power houses and the ultimate consumers a 
transformer and a switching station have to be created. 
Literally a substation is an assembly of apparatus that 
converts the characteristics of electrical energy from 
one form to another. In any electrical installation 
earthing is a must but in a substation it is of prime 
importance. Such stations are called substations. In 
any electrical installation earthing is a must but in a 
substation it is of prime importance. It not only 
provides the protection of people working in the 
vicinity of earthed facilities and equipments against 
danger of electric shock but to maintain proper 
function of electrical system. Reliability and security 
are to be taken in considerations as well as adherence 
to statutory obligations (IEEE and Indian standards on 
electrical safety and environmental aspects). Earthing 
protects humans from danger of electrocution. A 
lightening strike on a tall building can seriously injure 
the occupants or even completely demolish that 
building. Tall buildings or structures like towers are 
more prone to lightening strikes. Earthing a 
tower/equipment means connecting that 
tower/equipment to general mass of earth by means of 
an electrical conductor. Connection to earth is 
achieved by embedding a metal plate or rod or 
conductor in earth. This metal plate or rod or 
conductor is called as "Earth electrode". Effectiveness 
of the Earthing connection made by embedding a 
metal plate in earth is quantified as "Earth Resistance". 
This earth resistance is measured in ohms. The 
required earthing installations at power stations and 
substations 
 

 
a) The neutral points of each separate electricity 

system which has to be earthed at the power 
station or substation 

b) Apparatus framework or cladding or other 
noncurrent carrying metalwork associated 
with each system, for example, transformer 
tanks, power cable sheaths; 

c) Extraneous metalwork not associated with 
the power systems, for example boundary 
fences, sheaths of control or Communication 
cables.  

 
In designing the substation, three voltages ( touch, step 
and mesh voltage) have to be considered. 
In this study a sincere effort has been made to study 
the methods of earthing of substation and the design of 
earthing grid. Also a C program has been developed in 
order to reduce the meticulous calculations. In general 
it is very much essential to take into consideration the 
seismic factors while designing the substation because 
it adds to the overall reliability of the system. 
 
II. EARTHING OF A SUBSTATION 
 
In power system, grounding or earthing means 
connecting frame of electrical equipment (non-current 
carrying part) or some electrical part (e.g. neutral point 
in a star-connected system) of the system to earth. This 
connection to earth may be through a conductor or 
some other circuit element depending on the situation. 
A proper earthing of an electrical system is 
fundamental for both safety and reliability of the 
system. The most important part of earthing is to 
protect people from high currents and voltage 
differences. Furthermore, earthing is done to protect 
structures and equipment since damage can cause 
outage or malfunction and result in economic losses of 
great values. Therefore, the earthing installation must 
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ensure a safe and controlled flow of electric energy 
with minimum voltage drop to earth in all cases. A 
proper earthing installation will facilitate the 
protective device operation, preventing uncontrolled 
fault currents to flow to the earth until the protecting 
device operates. Earthing of a substation include 
earthing of equipment, earthing of the system and 
earthing of the neutral. 
 
Method of Neutral grounding- In resistance 
grounding the neutral point of a 3-phase system is 
connected to earth through a resistor, it is called 
resistance grounding. The value of resistance is so 
chosen such that the earth fault current is limited to 
safe value but still sufficient to permit the operation of 
earth fault protection system. In reactance grounding a 
reactance is inserted between the neutral and the 
ground. Peterson-coil grounding is also called 
resonant grounding. In this the value of inductance of 
the arc suppression coil is such that the fault current 
exactly balances the capacitive current. Arc 
suppression coil is also called the Peterson coil which 
is an iron cored coil connected between the neutral and 
the earth. The reactor is provided with tappings to 
change the inductance of the coil. By adjusting the 
tappings, the coil can be tuned with the capacitance of 
the system. The choice of the method of grounding 
depends upon many factors including size of the 
system, system voltage and the scheme of protection 
to be used.  
 
III. DESIGN OF EARTHING SUBSTATION 
 
Conventional Earthing: The conventional system of 
Earthing calls for digging of a large pit into which a GI 
pipe or a copper plate is positioned amidst layers of 
charcoal and salt. It is cumbersome to install only one 
or two pits in a day. 
Types of conventional Earthing are shown below: 
 

I. Pipe Earthing 
II. G.I Pipe Earthing 

III. Cast Iron Plate Earthing 
IV. Copper Plate Earthing  

 
Earth Electrode: It is basically a rod, pipe, or plate or 
an array of conductors, embedded in earth horizontally 
or vertically. In distribution systems the earth 
electrode may consist of a rod of about 2m long, 
driven vertically into ground. For substations an 
elaborate system known as earth mat is used.  
 
Soil resistivity is basically the measure of soil’s 
ability to retard the conduction of electric current. Not 
only the moisture that is present in the soil makes it 
conductive but there should be sufficient natural 
elements to form a conductive electrolyte. Soil 
resistivity values typically range from about 2 to10000 
Ω·m., but more extreme values are not unusual.  
 

IV. DESIGN OF AN EARTHING SYSTEM 
 
Earth mat: The primary requirement of earthing is to 
have a low earth resistance. Here an interlink is formed 
between individual electrodes. The inter link is formed 
through flat or rod conductor which is called earth 
mate or grid. The earth mate should be designed 
properly by considering the safe limit of step potential, 
touch potential and transfer potential. 
 

 
 
Grid depth h is less than 0.25 m. Laurant’s formula 
gives the accurate value of earthing resistance of the 
grid. 

푹 =
흆
ퟒ

흅
푨 +

흆
푳 

Where R is the grid resistance in ohms, A is the ground 
area occupied by the grid, in m2 and L is the total 
length of buried conductors in m. 
For h>0.25m, the more accurate formula is  

푹 = 흆
ퟏ
푳 +

ퟏ
√ퟐퟎ푨

ퟏ +
ퟏ

ퟏ + 풉 ퟐퟎ 푨⁄
 

The addition of ground rods decreases the resistance 
slightly.  
 
Determination of maximum grid current- 
Symmetrical grid current, in Amperes, Ig=Sf × If,   
Where   
             If = rms value of symmetrical ground fault 
current, A 
      Sf= current division factor relating the magnitude of        
fault current to that of its portion flowing in the earthing 
grid. 
Only a part of the fault current flows through the grid. Rest 
flow through overload ground wires and other ground 
return wires and other ground return paths. 
  Sf    can be calculated, so Ig   can be found out.     
        

I=Gf×Df×Ig 
Where,    I = maximum grid current 
          Gf = a factor to account for increase in 
fault current due to  system growth during life span of 
grid 
    Df = Decrement factor to account for 
asymmetry of the fault  current wave. 
Typical values of Gf in design lie in the range 1.2 to 1.5 
depending on the rate of growth in the system. The 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-2, Feb.-2016 

Development Of Algorithm For Earthing System Design Under Seismic Consideration 
 

76 

decrement factor can be calculated if system data is 
known. 
 
Selection of electrode material 
The material should be highly conductive, 
mechanically rugged and it should resist fusing and 
deterioration of joints. The material most commonly 
used presently is galvanized steel. Generally strips are 
used because they can be bent, bolted and welded 
more easily than rounded bars. However, when the soil 
is highly corrosive, then circular rod should be used as 
they provide minimum surface area for a given cross 
sectional area. 
Determination of conductor size-  The size of 
conductor is given by the equation 
 

Ac=12.25×10-3I√풕 for welded joints 
 =15.8×10-3I√풕 for bolted joints 

 
The equation of conductor size is based on short time 
current carrying capacity of conductor. For adequate 
mechanical strength the minimum size recommended 
is  copper 54.48 mm2, steel 24 mm2, 
 steel strips minimum thickness 3mm  
 
Preliminary Design 
In the preliminary design a continuous grounding 
conductor should surround the entire substation area. 
Additional grounding conductors should be placed in 
parallel lines at spacing of about 5m. Cross connection 
should be provided for multiple paths at about 5m 
spacing. A number of ground rods, each about 3m 
long, are put. The fault current divided by 500 gives an 
approximate number of ground rods. This should be 
distributed uniformly over the grid. A ground rod at 
each junction of the grid, where the lead from surge 
arrestor is connected, is desirable. 
 
Conductor length for gradient control- The conductor 
length required to keep the mesh voltage within safe limits 
us obtained by equating Emesh to tolerable Etouch 
The result is 

푳 =
흆푲풎푲풊푰√풕

(ퟏퟎퟎퟎ+ ퟏ.ퟓ흆풔)(ퟎ.ퟏퟏퟔ) 

 
If the length of conductor in the preliminary design is 
less than that given in the above equation a revision in 
design is necessary. 
   
Calculation of resistance and GPR: The resistance of 
the grid can be calculated by using the Laurant's 
Formula. The product of grid resistance and maximum 
grid current, I, is the ground potential rise (GPR). If 
GPR is less than tolerable mesh voltage, it is a very 
safe design. However, it has been found that generally 
GPR is higher than tolerable mesh voltage. In such a 
case, there is a need of guarding personnel and 
communication equipment against transferred 
potential. 
 

Concept of Step and Touch Voltages 
 
Step Voltage Es is the difference in potential between 
two points on earth that are 1m apart. This voltage will 
be experienced by a person because length of a stride 
is considered 1m. Its maximum value is determined by 
the formula 

푬풔풕풆풑 = (ퟏퟎퟎퟎ+ ퟔ푪풔(풉풔,풌)흆풔)ퟎ.ퟏퟏퟔ√풕 
 
Where, 퐶 = Corrective factor, 휌  =resistivity of top 
layer of gravel, t = duration of current exposure in 
seconds 
 
Touch Voltage Et  is the potential difference in 
between an accessible earthed conductive part and the 
earth surface potential at the point where a person is 
standing while his hands are in contact with an earthed 
part. The touch potential is determined by the formula 

푬풕풐풖풄풉 = (ퟏퟎퟎퟎ + ퟏ.ퟓ푪풔(풉풔,풌)흆풔)ퟎ.ퟏퟏퟔ√풕 
 
A special situation occurs when a person standing 
within the station area touches a conductor grounded 
at a remote point or a person standing at a remote point 
touches a conductor connected to station grid. This 
special case of touch potential is known as transferred 
potential and can have value. It is impossible to design 
an earthing grid for safe transferred potential. The only 
remedy is to isolate such conductors and to label them 
as live conductors. 
 
Actual Step and Touch Voltages Instead of 
calculating Etouch corresponding to the maximum 
possible horizontal reach, it is preferable to calculate 
the maximum value of touch voltage found within a 
mesh of the grid. This voltage is known as mesh 
voltage and is given by 
  푬풎 = 흆푲풎푲풊푰/푳 
 
Safe limits of dangerous voltage- One of the 
important aspects of earthing system determination of 
safe limits of dangerous touch voltage and step 
voltages. Magnitude of body current IB: When a 
person bridges points at different voltages with his 
hand and feet or with the feet a current can flow 
through the body of the person. Ventricular fibrillation 
is given by 퐼 = 푘√푡 where k is constant related to 
electric shock energy. Value of k depends on body 
weight and t is the duration of current exposure in 
seconds. 
 
Development of C program 
On the basis of the data collected from the functional 
substations, a C program has been developed to reduce 
the laborious task of manually solving the numerous 
equations involved in the process of designing the 
earthing grid. The program is a very basic approach in 
the development of mathematical software for the 
designing of earthing grid.  
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V. ALGORITHM FOR THE C PROGRAM 
 
Step I: Enter the soil resistivity, substation area, 
maximum grid current and fault clearing  time 
Step II: Input the preliminary design assuming no 
ground rods and assuming a certain   conductor 
spacing. 
Step III: Calculation of grid resistance using Laurant’s 
formula. 
Step IV: Calculation of tolerable touch voltage. 
Step V: Calculation of step voltage. 
Step VI: If the product of grid current and grid 
resistance is less than touch voltage, jump   to step 
XI else continue to next step. 
Step VII: Calculation of mesh voltage. 
Step VIII: If mesh voltage is less than the touch 
voltage, jump to step X. 
Step IX: If mesh voltage is less than step voltage, jump 
to step X else jump to step XI.  
Step X: Modify Design. 
Step XI: Proceed for construction. 
Output of the program 
The following output is obtained from the program 
when the data for Balipara 132/33 kV substation is 
entered. 

 

Two factors to be taken into consideration are 1) Earth 
potential rise, 2) safe touch and step voltages. Limiting 
step and touch voltages to a safe value is more 
important. The safe value of earth resistance for any 
substation not only depends upon the level of fault 
current but also on the vicinity to the communication 
routes.   
 
From the field values obtained from various 
substations, we carry out the following calculations. 
Resistivity Data   
Soil Resistivity   =   40 Ω m 
Surface layer resistivity   s = 3000 Ω-m 
Surface layer thickness hs = 0.15m 
Reflection factor between different resistivities 
    K = (-s)/(+s)=0.973684 
Surface layer derating factor 

퐶 = 1−
0.9 1− 휌

휌
2ℎ + 0.9  

=0.772 
System Data 
Symmetrical fault current in substation 3I0 =
 12500 A 
Division Factor for determining, IG   Sf = 1 
Maximum grid current                     IG = 12500 A 
between ground grid and earth 
Duration of shock for determining    ts = 1 s 
allowable body current 
Conductor Data 
Specific heat of MS Rod/ Flat    Sh =
 0.114Kcal/kg 
Specific weight of MS Rod/Flat  Sw = 7.86 gm/cc  
Coefficient of linear expansion  αr = 0.00432 
of MS Rod/Flat 
Resistivity of MS Rod/Flat     r = 15µΩ-m  
Reference temperature          Tr =  20°C 
Maximum temperature          Tm= 620°C 
Ambient temperature      Ta = 50°C 
Grid Data 
Total area enclosed by ground grid    A  =  2500 
m2 
Equivalent diameter of grid conductor   d =
 0.0325m2 

Spacing between parallel conductors   D =  6 m 
Depth of ground conductors               h = 0.6 m 
Reference depth of grid                        h0 = 1 
m 
Maximum distance between any two   Dm = 57 
m 
Points on the grid 
Total length of grid conductor              Lc =
 900 m 
Peripheral length of grid                      Lp = 200 
m 
Maximum length of grid conductors   Lx = 50 m 
in x-direction 
Maximum length of grid conductors   Ly = 50 m 
in y-direction 
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Length of ground rod at each location   Lr = 3 m 
Number of rods placed in area A    nR = 10 nos 
Total length of ground rods    LR = nR × Lr =
 30 m 
Total effective length of grounding system conductor 
including grid and ground rods             LT = 
Lc+LR=930 

                Effective length of Lc+LR for mesh voltage for grids 
with ground rods in the corners, as well as along the 
perimeter and throughout the grid, the effective buried 
length is     퐿 = 								  = 

 0.0042243 m 
  LM = LC+(1.55+1.22LM1)LR 

        Calculation of effective length of Lc+ LR for step 
voltage LS= 0.75LC +0.85LR =700.5 m   

           Calculation of different factors related to 
Grid Geometry   Geometry of Grid 
푛 					= 										 =9 

 푛풃	 							= 						 푳풑
ퟒ√푨

 =1 (for square grid) 

 푛풄ퟏ 						= 									 ퟎ.ퟕ푨
푳풙푳풚

= 0.7 

                푛 									= 								 ×
( )      

                                 =1 (for for square and 
rectangular grid  

 푛풅   = 0.806 
                  n  = na*nb*nc*nd=7.254 
Resistance of grounding system    Kh =   

1 + =1.265 

Ki = 0.644+0.148×n, Kii = 1, Ks1 =   
×

 = 0.83333, Ks2 
=

 
  

= 0.15152, Ks3 =  
×{ ( . )}

= 0.1623,   

Ks = ( ) = 0.37,   Km1=    
× ×

=115.3846 

Km2 =     ( )
× ×

   =    33.2308, Km3 = =    

  6154,      Km4 =   푙푛 ( )  =     -1.67,  

  Kn = 1 + =     1.2649,  

For grids with ground rod along the perimeter or  
 the grid with ground rods in corners 
Kii = 1,  Kii = 
 
 
=   0.58  
Resistance of grounding system    
푅품ퟏ = ퟏ

푳푻
     

 = 0.00108, 푅품ퟐ = ퟏ
√ퟐퟎ×푨

 = 0.0045, 푅품ퟑ = 1 +         

= 1.9491, 푅 = 휌 푅품ퟏ + 푅품ퟐ × 푅품ퟑ = 0.39404 
Earth Mat design calculation 

Grid Potential Rise of GPR =  IG × Rg= 4925.5 V 

퐸풔풕풆풑 = (1000 + 6퐶 휌 ) ퟎ.ퟏퟏퟔ
풕풔

                   
               = 1727.936 V for a 50 kg body weight 

퐸 = (1000 + 6퐶 휌 )
0.157
푡

 

               = 2338.672 V for a 70 kg body weight 

퐸 = (1000 + 6퐶 휌 )
0.116
푡

 

              = 518984 V for a 50 kg body weight 

퐸 = (1000 + 1.5퐶 휌 )
0.157
푡

 

              = 702.418 V for a 70 kg body weight 
Calculated Step and Touch Voltage 
Mesh voltage at the centre of the corner mesh for the 
simplified method  퐸 = × × ×   = 525.5191  
Step voltage between a point above the outer corner of 
the grid and a point 1m diagonally outside the grid for 
the simplified method 

퐸 =
휌 × 퐾 × 퐾 × 퐼

퐿  

                                    = 453.7188 V 
 

1

2푛
퐾 =

1
2휋 푙푛

(퐾 +퐾 − 퐾 ) +
퐾
퐾 퐾  

 
Earthmat Design Calculation 
Conductor X-section in mm2  

A = 
	 	

 

Thermal Capacity Factor Tcap = 4.184 x Sh x Sw 
               = 3.749031 
T xα xP   = 0.0648, K0 = − 푇  = 211.4815 
K + T = 831.4815, K + T = 261.4815 
The basic requirements for a safe design have not 
changed through the various revisions of the guide 
from 1961- 2000 edition. The equations in IEEE-80 
have changed over the years and will continue to 
change as better approximate techniques are 
developed. 
It may be necessary to design a substation ground grid 
system. Computer programs can be used to optimize 
the layout and provide for unequal grid spacing and 
maximum grid current based on the actual system 
configuration.  
 
VI. SEISMIC CONSIDERATION OF 
SUBSTATION 

 
Substations are among the most important parts in 
electrical power network and play a vital role in the 
stability controllability and serviceability of electrical 
energy. In different parts of the world experience 
gained from earthquake have shown that the 
substation elements are very vulnerable. The direct 
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and indirect losses resulting from their damage were 
really considerable. 
The most important components in a substation are 
power transformers, current transformers, circuit 
breakers, disconnect switches, lightning and surge 
arrestors. Past study on different substations reveals 
that they are very vulnerable to the earthquakes. Some 
of the obvious reasons are 1)Use of brittle materials 
such as porcelain in the equipments, 2)Insufficient 
strength, 3)Low redundancies and low level of 
damping, 4) Heavy weight of the equipment, 5) Poor 
maintenance schemes. 
Damages are basically of two types- direct and indirect  
6.1 Method of improving earthquake resistance 
potential and important parameters in improving 
safety level of existing Condition 

To reach to this goal the first step is to 
identify the important parameters in improving safety 
level which includes: 1) Earthquake hazard in the area, 
2) Economic life of structure, 3) Amount and kind of 
structures vulnerability in case of probable 
earthquake, 3)Architectural requirements, 4) Required 
safety level according to importance and occupancy 
(use) of structures, 5)Time status study, 6)Economical 
aspects 7)Social and political aspects 
Steps of required studies for selecting appropriate 
strategy and technique- 1) Earthquake hazarded 
analysis, 2) Assessment of dynamic characteristic of 
structures and existing conditions, 3) Selection the 
best strategy to improve structural system and existing 
condition, considering the importance of structure and 
available facilities. 
 
6.1.2Selecting appropriate practical method  
 There are generally three practical methods for 
improving existing condition to prevent structures 
from damages due to earthquake: a) reduction of 
earthquake demand b) Increasing of structures 
earthquake resistance 
c) Reduction of indirect effects of earthquake on 
natural conditions, ground and etc. 
Therefore, considering the conditions and parameters 
mentioned above, designer can choose one of the 
appropriate alternatives. Even for two similar 
structures located in two different areas with different 
soil properties and different possibilities to access 
construction facilities, the ways to improve load 
bearing capacity and level of safety may be very 
different. It is worth considering that it is not possible 
to formulate these solutions and each project should be 
assessed with its own conditions. However 
considering the following bases are very useful in 
selections the best and most practical methods: 
 Reduction of effective mass by eliminating 

dispensable weights such as partitions, external 
walls and heavy claddings weights, weight of 
structure as the origin of earthquake load will be 
reduced. 

 Reduction of structures fundamental period: by 
reduction of mass and increasing the stiffness 

(appropriately and without considerable increase 
in earthquake loads). This method is useful for 
equipment support structures that motions 
through long vibrations have adverse effect on 
equipment leaned on them and is possible by 
adding extra members such as bracings or 
enlargement of section size. 

 Isolation of different structures from each other 
and using cheep filler to prevent direct effect of 
displacements in some members on other 
members or equipment. For example, when LTs 
suspended from gantries are connected directly to 
CVTs, non coincident pendulous motion with 
large amplitude cause tension in wires which 
breaks the upper part of CVTs and make them 
useless .So, to prevent this event one tactic is to 
use minor additional equipments, for example PI 
(post isolator) s or cables with high displacement 
capacity or systems able to prevent displacement 
transfer from one part to other can be used or 
change the connection system between LTs and 
other equipments. 

 
Testing Methods 

(i) Sine beat test 
(ii) Static pull test 
(iii) Composite insulator testing 

 
Design Philosophy is a theoretical part based on the 
analysis of other researchers. This part can be skipped. 
Main concern is the design of the earthing grid which 
has been done satisfactorily. Seismic consideration, 
provide these details in brief, required amount enough. 
    From the study on substation earthing we have 
come to the conclusion that earthing is the practice of 
providing good electrical connection between metallic 
parts, structures or electric circuits and a metallic 
system usually buried in the earth to maintain such 
parts at the general electric potential of the earth or at 
the same potential with respect to earth preventing the 
existence of dangerous or otherwise undesirable 
potential difference. Grounding is required to 
basically limit the potential gradient within and 
immediately outside, say a substation area, to a value 
safe for the living beings under normal and abnormal 
system operating conditions. For a H.V. station 
earthing the two important factors to be considered are 
Earth potential rise and safe touch and step potentials. 
It is noted that limiting the step and touch potentials to 
safe value is more important than attaining a low value 
of the resistance. However the earth resistance of the 
substation has to be brought down to lowest possible 
level.  
       The safe value of earth resistance for any 
substation not only depends upon not only the level of 
fault current but also on the vicinity to communication 
stations. The fault current depends on the impedance 
of the ground fault loop. The time of current flow is 
decided by the setting of the protective 
relays/circuit-breaking devices, which will operate to 
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clear the fault. The IEEE 80 suggests using a time of 
3.0 s for the design of small substations. This time is 
also equal to the short-time rating of most switchgear. 
Depending upon the rating of the substation, the fault 
current is different for every substation. It is noted that 
it is more for 220kV than 132kV followed by 33kV 
substation. It implies that more the capacity more is 
the fault current. The fault current affects the 
conductor sizing and hence it is different for the 
various substations depending upon the capacity. 
Capacity also determines the net area covered by the 
earth mat. Choice of material, size of earth mat 
conductors and soil resistivity are some of the other 
important factors of efficient and reliable earthing 

system. In the design optimisation process, specially 
for complex systems, software simulation is essential. 
The step by step procedure for designing the earth mat 
has been provided by using a C program. Basic 
precautions are to be observed in keeping earthing 
system more effective i.e. maintenance of earthing 
system which should be taken with special care. 
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