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 Annexure-VI 

Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1 

 

 
Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1           

Annexure- VII 





 

 

भारत-सरकार/Government of India 

रेल मंत्रालय/Ministry of Railways 

दक्षिण मध्य रेलवे/South Central Railway 

 

 

महाप्रबंधक(क्षवद्युत )/ General Manager[E] 

मुख्यालय कायाालय/Headquarters office  

 सिकंदराबाद/Secunderabad-500 025 

                      शक सिसि/Saka Date: 21st  Chaitramasa,1944                                                                            

çðü®Úðð/No.77/2/P/Earth(T).                                                                                          सदनांक/Date: 11.04.2022 
            
CEE/CN/SC, CPD/RE/SC, GM/ELECT/RVNL/SC, CGGM/RITES/DELHI 
Sr.DEE/M/SC, HYB, BZA, GNT, GTL & NED. 
 

Technical Circular No.05/2022 

 Sub:-  Provision of earth electrodes  for equipments like CLS control panels,  
                         service buildings, DG sets, water coolers, lifts and escalators etc. 

*** 
             At present  for power maintenance equipments earthing in following SCR Drawing 

No.SK.No.A3/10/M/R is used. As the earth electrode given in drawing is not as per CPWD 

specification or CORE/ALD specification decided that the above SCR drawing is withdrawn with 

immediate effect.  For  good quality electrodes, the following specification & drawing of CORE/ALD 

shall be used for all feature stores/works procurement. At locations other than sub-station. 

Drawing No.ETI-OHE-P-7021; 

Specification No.TI_LKO(PSI/38/2020 Dt.235/08/21 or latest.  Copy of the drawing and 

specification is enclosed as Annexure-A & B.  For substations earth electrode of 4M length confirming 

to RDSO drawing ETI/PSI/222-1 & RDSO Spec No.RDSO-TIOLKO(PSI)/38/2020 dated 25/8/21 to be 

adopted. Copy of Drawing and spec enclosed as Annexure D & B. 

Further, to get quality electrodes, decided that the earth electrodes shall be procured from 

CORE/ALD approved sources only.  List of CORE approved sources is enclosed as Anneuxre -C.   In all 

future estimates earth electrodes as per above drawing only shall be included.  For works 

tender/estimate rates, latest LOA from CPD/RE tenders may be obtained and adopted for all works 

for which tenders not called but detailed estimates sanctioned also shall follow above earth 

electrodes drawings as well as sources adopted including earth works sanctioned under Umbrella 

works for quarter service buildings etc.  For procuring through stores rates may be obtained   from 

any of the approved sources and indents placed for earth electrodes.  No deviation for the above 

drawings on the approved sources will be allowed.  List of Core  approved sources along with latest 

drawing as well as specifications can be downloaded from CORE/ALD website or may be obtained 

from CPD/RE/SC. 
 

 

Encl: as above.                                      (सीएच सुरंजन रेड्डी/Ch.S.Reddy) 

                                                                                                   CEGE/SCR/SC   

File No.SCR-HQ0ELEC(TECH)/6/2022-Dy.CEE/PLG/SCR
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1.0 SCOPE 
 

1.1 This specification supersedes the specification no. ETI/PSI/120(02/91) with A&C slip no. 01. 
 

1.2 This specification caters for general arrangements of earthing system and equipment earthing at 
Traction Sub-Stations, Switching stations and Auxiliary transformer stations of 25kV as well as 
2X25kV system. Low voltage (LT) electrical power distribution system, 25 kV overhead equipment 
system as well as signal and telecommunication equipment do not come within the purview of this 
specification. 

 

1.3 It is to be noted that “The Make in India Policy of Government of India shall be applicable.” 
 

2.0 TERMINOLOGY 
 

The following terms wherever occurring in this specification shall, unless excluded or repugnant to 
the context, have the meaning attributed thereto as follows:- 
 

2.1 Combined Earth resistance: The resistance of an  earth electrode (s) with respect to earth, with the 
earth electrode (s)  connected in the metal work of electrical equipment other than parts which are 
normally live or carry current and the masts/ structures but without connection with the traction 
rail(s). 

 

2.2 Earth: The conductive mass of the earth, whose electrical potential at any point is conventionally 
taken as zero. 

 

2.3 Earth Electrode: A conductor (mild steel (MS) pipe) or group of conductors in intimate contact with 
and providing an electrical connection to earth. 

 

2.4 Earthing Grid: A system of a number of interconnected, horizontal bare conductors buried in the 
earth, providing a common ground for electrical devices and metallic structures, usually in one 
specific location. 

 

2.5 Equipment Earthing: Earthing of all metal work of electrical equipments other than parts which are 
normally live or current carrying. This is done to ensure effective operation of the protective gear in 
the event of leakage through such metal work, the potential of which with respect to neighboring 
objects may attain a value which would cause danger to life or risk of fire. 

 

2.6 Mesh Voltage (E mesh): The maximum touch voltage to be found within a mesh of an earthing grid. 
 

2.7 System Earthing: Earthing done to limit the potential of live conductors with respect to earth to 
values which the insulation of the system is designed to withstand and thus to ensure the security 
of the system. 

 

2.8 Step Voltage (E step):  The potential difference between two points on the earth’s surface 
separated by distance of one pace that will be assumed to be one metre in the direction of 
maximum potential gradient. 

 

2.9  Power Supply Installation: The electrical equipments and associated structures provided at a 
Railway Traction Substation or Switching Station or Auxiliary transformer station on the 25 kV & 
2X25kV overhead equipment. 

 
2.10 Traction Rail – Traction Rail means a non-track circulated rail of a wired track, not required for 

signaling purposes and which may be earthed. In non-track circulated sections, both the rails of a 
wired track are traction rails and in single rail track circulated sections, the traction rail is the non-
track circulated rail  

 

2.11 Touch Voltage (E touch):  The potential difference between a grounded metallic structure and a 
point on the earth’s surface separated by a distance equal to the normal maximum horizontal 
reach of a person, approximately one metre.  
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3.0 OBJECT OF EARTHING 
 

The object of an earthing system is to provide as nearly as possible a surface under and around a 
station which shall be at a uniform potential and as nearly zero or absolute earth potential as 
possible. The purpose is to ensure that generally all parts of the equipment other than live parts 
are at earth potential and that attending personnel are at earth potential at all times. Also by 
providing such an earth surface of uniform potential under and surrounding the station, there can 
exist no difference of potential in a short distance big enough to shock or injure an attendant when 
short circuits or other abnormal occurrences take place. The primary requirements of a good 
earthing system are: 
  

i) It should stabilize circuit potentials with respect to ground and limit the overall potential rise. 
ii) It should protect men and materials from injury or damage due to over voltage. 
iii) It should provide low impedance path to fault current to ensure prompt and consistent 

operation of protective devices during ground faults. 
iv) It should keep the maximum voltage gradient along the surface inside and around the 

substation within safe limits during earth faults.  
 

4.0 GOVERNING SPECIFICATIONS: 
 

Assistance has been taken from the following standards/specifications in the preparation of this 
code of practice: 
 

i) IS: 3043- 2018 code of practice for earthing (latest edition). 
ii) IEEE Guide for safety in AC substation grounding, IEEE standard 80- 2013. 

 

5.0 TYPICAL VALUE OF EARTH RESISTANCE 
 

At each power supply installation, an earthing system as specified in this specification shall be 
provided. The combined resistance of the earthing system (with the connection to the running 
rail(s) disconnected) shall be not more than the following values:- 
 

SN Name of the Station The limit of combined earth resistance in ohms 

1. Traction substation 0.5 

2. Switching station 2.0 

4. Auxiliary transformer station 10.0 

 
6.0   EARTH ELECTRODES 

 

6.1 The earth electrode shall normally be of mild steel galvanized perforated pipe of not less than 40 
mm nominal bore, of about 4 m length provided with a spike at one end and welded lug suitable 
for taking directly MS flat of required size at the other end. The pipe shall be embedded as far as 
possible vertically into the ground, except when hard rock is encountered, where it may be buried 
inclined to the vertical, the inclination being limited to 30 degree from the vertical. The connection 
of MS flat to each electrode shall be made through MS links by bolted joints to enable isolation of 
the electrode for testing purposes. A typical arrangement of an earth electrode shall be as per 
Drawing number ETI/PSI/222-1 (Annexure-VI).  

 
6.2 Earth electrodes shall be embedded as far apart as possible from each other. Mutual separation 

between them shall usually be not less than 8.0 m (which is twice the length of the electrode). 
 

6.3  If the value of earth resistance specified in clause 5.0 cannot be achieved with a reasonable 
number of electrodes connected in parallel such as in rocky soil or soil of high resistivity, the earth 
surrounding the electrodes shall be chemically treated. The earth electrode shall be surrounded in 
an earth pit by alternate layers of finely divided coke, crushed coal or charcoal and salt at least 150 
mm all round. Though substantial reduction in earth resistance can be achieved by coke treated 
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electrode, yet as this method results in rapid corrosion not only of electrode but also of steel frame 
work to which it is bonded, coke treatment shall be used only where absolutely necessary and such 
electrodes shall not be situated within 8.0 m of other metal work. 

 
6.4 In high embankments, it may be difficult to achieve earth resistance specified in clause 5.0 even 

after chemical treatment of electrodes. In those locations, use of electrodes longer than 4 m so as 
to reach the parent soil is recommended. Mutual separation between them shall usually be twice 
the length of the electrode. 

 
6.5 As far as possible, earth electrodes for Traction Sub-Stations/ Switching Stations shall be installed 

within and adjacent to perimeter fence. At large sites, apart from securing a sufficiently low 
resistance and adequate current carrying capacity a reasonable distribution of electrodes is also 
necessary. 

 

7.0 EARTHING ARRANGEMENT AT TRACTION SUBSTATION for 25kV & 2X25kV System (160kmph). 
 

7.1   Earthing Grid. 
 

7.1.1 An earthing grid is formed by means of bare mild steel rod of appropriate size as indicated in 
clause 7.1.2 buried at a depth of about 600 mm below the ground level and connected to earth 
electrodes. The connection between the earth electrode and the grid shall be by means of two 
separate and distinct connections made with 75 mm x 8 mm MS flat. The connection between 
the MS flat and the MS rod shall be made by welding, while that between the earth electrode 
and the MS flats through MS links by bolted joints. The earth electrodes shall be provided at the 
outer periphery of the grid as shown in Annexure-II. As far as possible the earthing grid 
conductors shall not pass through the foundation block of the equipments. All crossings between 
longitudinal conductors and transverse conductors shall be jointed by welding. The transverse 
and longitudinal conductors of the earthing grid shall be suitably spaced so as to keep the step 
and touch potentials within acceptable limits; the overall length of the earthing grid conductors 
shall not be less than the calculated length (refer Annexure- I & XI). 

 

7.1.2 The size of the earthing grid conductor shall be decided based on the incoming system voltage 
and fault level (refer Annexure I & XI). The fault level considered shall take into account the 
anticipated increase in fault current during the lifespan of the station. The size shall be as given 
below. 

 

SN System 
voltage 

( kV) 

Fault level ( MVA) Diameter of the grid conductor                                 
( MS rod ) in mm  

(For 25kV and 2X25kV TSS) 

1. 66 Upto 4000  
above 4000 upto 5000  
above 5000 upto 6000 

32 
36 
40 

2. 110 Upto 6000  
above 6000 upto 8000 

Above 8000 upto 10000 

32 
36 
40 

3. 132 Upto 7000 
Above 7000 upto 10000 

32 
36 

4. 220 Upto 12000 
Above 12000 upto 16000 
Above 16000 upto 20000 

32 
36 
40 

5.  For earthing grid at SP & SSP of 2X25kV System 32 mm Diameter of the grid conductor (MS 
rod) is to be used. 
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7.2 Buried rail. 
 

7.2.1   A steel rail of section 52 kg/m (the one used for the railway track) and length about 13m shall be 
buried near the track at the traction substation at a depth of about one metre to form part of the 
earthing system. Two separate and distinct connections shall be made by means of 75 mm x 8 
mm MS flat between the earthing grid and the buried rail. The buried rail shall also be connected 
by means of two separate and distinct connections made with 75mm x 8 mm MS flat to the 
traction rail(s) in a single - rail track circuited section and to the neutral point (s) of the 
impedance bond(s) in a double - rail track circuited section. 

 

7.2.2 In cases where the feeding post is located separately away from the traction substation, the 
buried rail shall be provided at feeding post (where one terminal of the secondary winding of the 
traction power transformer of the substation is grounded). 

 

7.3       System earthing. 
 

7.3.1   For Traction Power Transformers 
(a) In case of25kV Traction System  
     One terminal of the secondary winding (25 kV winding) of each traction power transformer 

shall be earthed directly by connecting it to the earthing grid by means of one 75mmX8mm 
MS flat, and to the buried rail by means of another 75mmX8mm MS flat in case of 
21.6/30.24MVA transformer.  In case of 30/42MVA Transformer, two numbers 75mmX8mm 
MS flat to be directly connected to earthing grid, and to the buried rail by means of another 
two numbers 75mmX8mm MS flat. 

 

(b) In case of 2X25kV Traction System with 38/53/63MVA Single Phase Dual LV Winding Traction 
Power Transformer at TSS: 
In these transformers there are two secondary windings. The inner terminals of these two 
secondary windings are to be solidly connected to each other.  This connection is to be 
connected with two no. 75X8mm MS Flats. One MS flat is to be connected with Buried Rail & 
another with the Earthing grid (Annexure-VIII).  
 

(c) In case of 2X25kV Traction System with 60/84/100MVA Scott Connected Transformer at TSS:  
At these TSSs, the autotransformer has been used. The neutral Bushing of this 
Autotransformer is to be connected with two no. 75X8mm MS Flats. One MS flat is to be 
connected with Buried Rail & another with the Earthing grid. (Annexure-IX) 

 

7.3.2 One designated terminal of the secondary of each potential, current and auxiliary transformer 
shall be connected to the earthing grid by means of two separate and distinct earth connections 
made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case 
of 2X25kV system. 

 

7.4    Equipment earthing. 
 

The metallic frame work of all outdoor equipments such as transformers, circuit breakers, 
interrupters and isolators as well as steel structures shall be connected to the earthing grid by 
means of two separate and distinct connections made with MS flat of size as indicated below; 
One connection shall be made with the nearest longitudinal conductor, while the other shall be 
made to the nearest transverse conductor of the grid. 
 

SN Equipment System Voltage and fault level Size of MS flat 

For 25kV 
system 

For 2X25kV 
system 

1. Equipment on the 
primary side of 
traction power 
transformer. 

66 kV,  upto 3000 MVA 
110 kV, upto 5000 MVA 
132 kV, upto 6000 MVA 
220 kV, upto 10,000 MVA 

50 mm x    
6 mm 

75 mm x       
8 mm 
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66 kV, above 3000  upto  6000 MVA 
110 kV, above 5000 upto 10000 MVA 
132 kV, above 6000 upto 12000 MVA 
220 kV, above 10000 upto 20000 MVA 

 
75 mm x    

8 mm 

 
75 mm x       

8 mm 

2. 
 

Equipments on 
the secondary 
side of traction 
power 
transformer.  

  
50 mm x    

6 mm 

 
75 mm x       

8 mm 

3. Fencing uprights 
/steel structures 

 50 mm x     
6 mm 

75 mm x       
8 mm 

4. Door/fencing 
panels 

 6 SWG G. I. Wires. 

   
7.5 Earthing inside control room. 

 

An earthing ring shall be provided inside the control room by means of 50 mm x 6 mm MS flat in 
case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. This earthing ring 
shall be run along the wall on teak wood blocks fixed to the wall at a height of about 300 mm from 
the floor level. The earthing ring shall be connected to the main earthing grid by means of two 
separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system and 
with 75mm X 8mm MS Flat in case of 2X25kV system. The earthing ring shall also be connected to 
an independent earth electrode by means of two separate and distinct connections made with 50 
mm x 6 mm MS flat  in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV 
system. The metallic framework of control and relay panels, LT AC and DC distributions boards, 
battery chargers and such other equipments shall be connected to the earthing ring by means of 
two separate and distinct connections made with 8 SWG galvanized iron wire. The connections 
shall be taken along the wall and in recesses in the floor. All recesses shall be covered with cement 
plaster after finishing the work. Connections between the MS flats shall be made by welding. 

 

7.6 Earthing of SCADA/RTU Equipments 
 

      A separate earth electrode shall be provided as per clause 6.1 & 6.2 of this specification. The RTU 
body/frame shall be suitably connected to this earth electrode using two no. 8SWG bare copper 
wires. The earth Resistance of this electrode shall be between 2 ohm to 10 ohm or better, 
depending upon the soil resistivity. This earth electrode shall not be connected to any other 
earthing arrangement. 

 

7.7 Earthing of lightning arrester. 
 

 In addition to the earth electrodes provided for the main earthing grid, an independent earth 
electrode shall be provided for each lightning arrester. This earth electrode shall be connected to 
the ground terminal of the lightning arrester as well as to the main earthing grid by means of two 
separate and distinct connections made with 50mm x 6mm MS flat in case of 25kV system and with 
75mm X 8mm MS Flat in case of 2X25kV system, for the LV side lightning arresters, and with 75 mm 
x 8 mm MS flat for the HV side lightning arresters. The earth electrode shall be provided as close as 
possible to the lightning arrester and the connections shall be as short and straight as possible 
avoiding unnecessary bends. For lightning arresters provided for the traction power transformers, 
there shall also be a connection as direct as possible from the ground terminal of the lightning 
arrester to the frame of the transformer being protected; this connection shall also be made by 
means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV 
system and with 75mm X 8mm MS Flat in case of 2X25kV system, for LV side arresters, and with 
75mm x 8mm MS flat for HV side lightning arrester. 

 
 
 

7.8 Earth Screen.   
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The area covered by outdoor substation equipments shall be shielded against direct strokes of 
lightning by an overhead earth screen comprising 19/2.5 mm galvanized steel stranded wire strung 
across the pinnacles of the metallic structures. The earth screen wires shall be strung at a height as 
indicated in the approved traction substation layouts (not less than 2.5 m above the live 
conductors) and shall be solidly connected to the traction substation earthing grid at each 
termination by means of 50mm x 6mm MS flat in case of 25kV system and with 75mm X 8mm MS 
Flat in case of 2X25kV system. 
 

7.9 Earthing of fencing uprights and panels 
 

Each metallic fencing upright shall be connected to the traction substation main earthing grid by 
means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV 
system and with 75mm X 8mm MS Flat in case of 2X25kV system.  In addition, all metallic fencing 
panels shall be connected to the uprights by means of two separate and distinct connections made 
with 6 SWG G. I. wire. All the metallic door panels shall also be connected to the supporting 
uprights by means of two separate and distinct connections made with 6 SWG G. I. wire. 
 

7.10 Earthing at the point of 240 V ac 50 Hz supply for oil filtration plant. 
 

The 240 V ac 50 Hz distribution board for power supply to oil filtration plant shall be connected to 
the main earthing grid by means of two separate and distinct connections made with 50 mm x 6 
mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. 
 

8.0 EARTHING ARRANGEMENT AT SWITCHING POST 
 

8.1 For 25kV System: 
(a)  A minimum number of three earth electrodes (excluding the earth electrode provided 

separately for control room and RTU equipments (refer clause 8.5 & 8.6) shall be provided at 
each switching station, and they shall be interconnected by means of 50 mm x 6 mm MS flat 
forming a closed loop main earthing ring. This ring shall be connected by two separate and 
distinct connections made with 50 mm x 6 mm MS flat, to the traction rail in a single rail track 
circuited section and to the neutral point of the impedance bond in a double-rail track circuited 
section of the nearest track, so as to limit the potential gradient developing in the vicinity of 
the switching station in the event of a fault. 

 

(b) In addition to above earthing, separate earthing station of Buried Rail, near the switching posts 
is to be provided as per the SMI No. TI/SMI/0032 Rev.02. (Annexure-X) 

 

8.2 For 2X25kV System (Transformer capacity at TSSs: 38/53/63MVA or 60/84/100MVA): 
 
(a)  Earthing Grid at the SP/SSP is also to be prepared by taking the fault current of 12kA and 

duration of 3 seconds.  The Formula for the calculation is at Annexure-I and sample calculation 
at annexure-XII. The Buried rail as mentioned in Para 7.2.1, is required to be provided at the 
SP/SSP. 

 
(b) Neutral of the Autotransformer installed at the SP/SSP also to be connected with two no. 

75X8mm MS Flats. One MS flat is to be connected with Buried Rail & another with the Earthing 
grid. The reference for the connection arrangement can be taken from Annexure-IX. 

 
8.3 System earthing. 

 One designated terminal of the secondary of each potential, current and auxiliary transformer shall 
be connected to the main earthing ring/earthing grid by means of two separate and distinct 
connections made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS 
Flat in case of 2X25kV System . 
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8.4 Equipment earthing. 
 

8.4.1 All masts, structures, fencing uprights and all outdoor equipment pedestals including auxiliary 
transformer tank shall be connected to the earthing ring by means of two separate and distinct 
connections made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS 
Flat in case of 2X25kV system. All fencing panels shall be connected to the supporting uprights by 
means of two separate and distinct connections made with 6 SWG G. I. wire. All the metallic door 
panels shall be connected to the supporting uprights by means of two separate and distinct 
connections made with 6 SWG G. I. wire. 

 

8.4.2 The metal casing of potential and current transformers shall be connected to the mast/ 
structures by means of two separate and distinct connections made with 50 mm x 6 mm MS flat 
in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. 

 

8.4.3 The ground terminal of lightning arrester shall be connected directly to the earth electrode by 
means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 
25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. The earth electrode shall 
be so placed that the earthing leads from the lightning arrester may be brought to the earth 
electrode by as short and straight a path as possible. 

 

8.5 Earthing inside remote control cubicle.  
 

 An earthing ring shall be provided inside the remote control cubicle by means of 50 mm x 6 mm MS 
flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. The earthing 
ring shall be run along the wall on teak wood blocks fixed to the wall at a height of 300 mm from 
the floor level. The earthing ring shall be connected to an independent earth electrode by means of 
two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system 
and with 75mm X 8mm MS Flat in case of 2X25kV system. The metal casing of LT, AC and DC 
distribution board, battery chargers, terminal board and other such equipments shall be connected 
to the earthing ring by means of two separate and distinct connections made with 8 SWG GI wire. 
The connections shall be taken along the wall and in recesses in the floor. All recesses shall be 
covered with cement plaster after finishing the work. Connections of earth strips to each other 
shall be made by welding. 

 
8.6 Earthing of SCADA/RTU Equipments  

 

A separate earth electrode shall be provided as per clause 6.1 & 6.2 of this specification. The RTU 
body/frame shall be suitably connected to this earth electrode using two no. 8SWG bare copper 
wires. The earth Resistance of this electrode shall be between 2 ohm to 10 ohm or better, 
depending upon the soil resistivity.  This earth electrode shall not be connected to any other 
earthing arrangement. 

 
 

9.0  EARTHING OF NEUTRAL OF LOCAL POWER SUPPLY SYSTEM 
 

 At traction substations and switching stations where power supply at 415 V/ 240 V, ac 50 Hz is 
taken from the local supply authority and having neutral earth at some distant point in the 
premises of the supply authority, the neutral of such supply shall also be earthed by means of two 
separate and distinct connections made with 6 SWG GI wire by connecting to an independent 
earth electrode. 
 

10.0 EARTHING ARRANGEMENT AT AUXILIARY TRANSFORMER STATION 
 

10.1 The combined earth resistance at an auxiliary transformer station shall not be more than 10.0 
ohms. Normally, one earth electrode is sufficient at each auxiliary transformer station. The earth 
electrode shall be connected to the mast on which the auxiliary transformer is mounted by means 
of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system 
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and with 75mm X 8mm MS Flat in case of 2X25kV system. In addition, the  mast shall be connected 
to the nearest traction rail or to the neutral point of the impedance bond in a double rail track 
circuited section by means of  50 mm  x 6 mm MS flat in case of 25kV system and with 75mm X 
8mm MS Flat in case of 2X25kV system. 

 
10.2 The earthing terminal on the transformer tank shall be connected to the mast on which the 

transformer is mounted by means of two separate and distinct connections made with 50 mm x 6 
mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. One 
terminal of the secondary winding of the auxiliary transformer shall be connected to the earthing 
terminal on the transformer tank and as well as to the mast by means of 50 mm x 6 mm MS flat in 
case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. These connections 
shall be as short and straight as possible and avoiding unnecessary bends. 

 

11.0  METHOD OF JOINTING 
 

All the joints between the MS flats, MS rods or between MS flat and MS rod shall be made by 
welding only. No soldering shall be permitted. For protection against corrosion. All the welded 
joints shall be treated with red lead and afterwards thickly coated with bitumen compound. 
 

12.0  PAINTING OF MS FLATS. 
 

For protection against corrosion, all the exposed surface of earthing connections (MS flats) above 
ground level shall be given all around two coats of painting to colour grass green, shade 218 of IS:5. 
 

 

13.0 CRUSHED ROCK SURFACE LAYER. 
 

At the traction substations and switching stations, a surface layer of crushed rock shall be provided 
to a thickness of about 100mm. If considered necessary from the point of view of containing the 
step and touch voltages within the acceptable limits, higher thicknesses may be provided 
depending on calculation based on site conditions. 
 

14.0 STEP AND TOUCH VOLTAGES 
 

14.1 The formulae for calculating the tolerable touch and step voltages, estimated mesh and step 
voltages, earth resistance, earth potential rise, size of earthing grid conductor and length of buried 
grid conductor are given in Annexure-I & XI. 

 

14.2 The design for earthing grid shall be done separately for each location depending on the conditions 
obtaining and those foreseen. 

 

 

15.0 REFERENCE DRAWINGS 
 

The following drawings (latest versions) issued by RDSO in connection with this specification may 
be used for reference: 

 

SN Description Drawing No. Enclosed at  

1.  Typical return current connection of buried rail at 
traction substation 

ETI/PSI/0212-1 ANNEXURE-III 

2.  Typical earthing layout of sub sectioning and paralleling 
station 

ETI/PSI/201-1 ANNEXURE-IV 

3.  Typical earthing layout of sectioning and paralleling 
station 

ETI/PSI/202-1 ANNEXURE-V 

4.  Typical arrangement of an earth electrode  ETI/PSI/222-1 ANNEXURE-VI 

5.  Typical earthing arrangement of an auxiliary 
Transformer station 

ETI/PSI/708 ANNEXURE-VII 

Note: Drawings as per the revision at the time of issue of specification are enclosed. The latest 
version of the drawings should be followed.  
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  ANNEXURE-I 
 

FORMULAE FOR CALCULATION OF EARTHING GRID BASED ON IEEE GUIDE FOR SAFETY IN AC 
SUBSTATION GROUNDING, NO. IEEE 80-2013 & IS: 3043-2018 

 
1.0 Tolerable  Touch  and  Step  Voltage 

 
1.1                                                                                                                        

                                                                                                                      V     (for 50 kg body) 

 
 
1.2                                                                  
                                                                     V     (for 50 kg body) 
 
 
Where,  

Symbol Representation 

Cs   
 
 
 
 
 

ρs Resistivity of surface material (crushed rock) in Ω-m 

ρ Resistivity of earth (Soil) in Ω-m 

tS Duration of shock current in seconds (to be taken as 0.5 seconds)  

hS Thickness of the crushed rock surface layer in m 

 
2.0 Estimated mesh and  step voltage 

 
 2.1 E mesh   =                       Volt     
 
 
 2.2 E step      =                               Volt 
  

Where, 

Symbol Representation 

Ki Correction factor for grid geometry, which accounts for the increase in current density 

in the grid extremities, =  0.644+ 0.148 X n  

IG/L Average current per unit length of buried conductor in amperes / metre 

Km  
 
 
 
 

Kii 1, for grids with earth electrodes along the perimeter, or for grids with earth electrodes 
in the grid corners, as well as both along the perimeter and throughout the grid area. 

1/ {(2n)(2/n)}, for grids without earth electrodes or grids with only a few earth electrodes, 
none located in the corners or on the perimeter. 

Kh  
 

 

 

22 21 8
ln ln

2 16 8 4 2 1

D hD h Kii
Km

hd Dd d Kh n 

  
     

     

ho
h1

09.02

109.0

1













s

s

h





 
s

sstouch
t

CE
116.0

5.11000 

 
s

ssstep
t

CE
116.0

61000 

L

IKK Gim ...

L

IKK Gis ...
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Ks  
                                                                    for values of h between 0.25 and 2.5m 
 

ho 1 metre (reference depth of grid) 

D Spacing between parallel conductors of grid in m (same spacing in both directions) 

n  

 
 
 
 
 
 

an × bn × cn × dn  
 

 

 
 
 

bn = 1 for square grids                                                                         

cn = 1 for square and rectangular grids 

dn = 1 for square, rectangular and L-shaped grids 
 

Otherwise 
 

bn  =  

 
 

(Since in Indian Railways, there are square or rectangular grids, other formulas of IEEE-
80 are not mentioned here) 
 

h Depth of earthing grid conductors in metres 

d Diameter of earthing grid conductor in metres 

L Total length of earthing system conductor 

Lc + Lr for grids without earth electrodes or with only a few electrodes located within 
the grid but away from perimeter 

Lc + 1.15 Lr for grids with earth electrodes along the perimeter  

Lc Total grid conductor length in m 

Lr Total earth electrode length in m 

Lp Peripheral length of grid in m 

ρ Resistivity of earth in Ω-m 

A Area of the grid in m2 

IG As defined in para 4.1 below. 
 

Note: The estimated values of mesh and step voltage should be less than the tolerable touch and 
step voltages respectively. 
 
3.0 Earth resistance: 

 
 

                       
 Where, 

Symbol Representation 

L Total length of buried conductors in m 

A Area occupied by the earthing grid in m2 

Rg Station ground resistance in ohms 

ρ Resistivity of earth (soil) in Ω-m 

 










 25.01

11

2

11 n

DhDh

LA
Rg


 443.0

p

c
a

L

L
n

.2


A

LP

4
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4.0 Earth Potential rise: 
 

4.1   Earth potential rise    =   Rg  X  IG 
 
Where,  

Symbol Representation 

Rg Station earth resistances in ohms 

IG Cp  x Df x Ig 

Cp Corrective projection factors accounting for the relative increase of fault currents 
during the station lifespan: for a zero future system growth Cp= 1 

Ig r.m.s. value of symmetrical grid fault current in amperes. 

Df Decrement factor for the entire duration of faults (to allow for the effects of 
asymmetry of the fault current wave). 

1.0 for fault current duration of 0.5 second or more. 

 
5.0 Size of earthing grid conductor 
 
A =  
 
 

Where  
 

Symbol Representation 

A Cross sectional area of earthing grid conductor in square millimeters. 

I r.m.s value of fault current in amperes. 

t Duration of fault current in second  

 To be taken as 01 second for the calculation of grid conductor size on the basis of HV 
side Fault MVA. 

 To be taken as 03 second for the calculation of grid conductor size on the basis of LV 
side fault current, which is 6kA for 25kV System and 12kA for 2X25kV System. 

 

Note: -  
(a) To allow for the effects of corrosion, the size of the grid conductor selected shall be such   

  that its cross section area is nearly twice that calculated above. 
(b) The earthing grid conductor size to be calculated on the basis of both primary and secondary 

side fault current and the higher between them should be selected for designing the grid. 
 

6.0 Minimum length of buried grid conductor 
 

                      Km  X  Ki  X  ρ  X IG√ts 

 L >                                         for E mesh < E touch 

                   {116 + 0.174 Cs X ρs}   
Where,  
 

Symbol Representation 

L Minimum length of buried grid conductor including earth electrodes in metres. 

ts 0.5 second (assumed maximum duration of shock). 

Cs, Km, Ki, ρ, IG and ρs have been defined earlier. 

 

80

tI

675764/2021/O/o PED/TI/RDSO
755File No.SCR-HQ0ELEC(TECH)/6/2022-Dy.CEE/PLG/SCR



Specification No. TI/SPC/PSI/ERTHNG/0210  Page 15 of 36 

 

 
 

Annexure –II 

TYPICAL EARTHING GRID (MS ROD)
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Annexure- III 
Typical return current connection of buried rail at traction substation, drawing no. ETI/PSI/0212-1 
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Typical return current connection of buried rail at traction substation, drawing no. ETI/PSI/0212-1 
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Annexure-IV 

Typical Earthing layout of sub sectioning and paralleling station Drawing No. ETI/PSI/201-1

 

 

Typical Earthing layout of sub sectioning and paralleling station Drawing No. ETI/PSI/201-1 
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Annexure-V 

Typical Earthing layout of sectioning and paralleling station, drawing No. ETI/PSI/202-1 

 

 

 

 

Typical Earthing layout of sectioning and paralleling station, drawing No. ETI/PSI/202-1 
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 Annexure-VI 

Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1 

 

 
Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1           

Annexure- VII 
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Typical Earthing arrangement of an Auxiliary Transformer station, Drawing No. ETI/PSI/708 

 

Typical Earthing arrangement of an Auxiliary Transformer station, Drawing No. ETI/PSI/708 
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Annexure-VIII 

Connection arrangement to Buried Rail in TSS of V Connected Transformer 
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Annexure-IX 

Connection arrangement to Buried Rail of Autotransformer at Scott Connected TSS and at SP/SSP of 

2X25kV system 
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Annexure-X
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Annexure-XI 
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Sample Calculation for the Design of Earthing Mat for a  TSS 

(Note: This calculations is for example with assumed values, actual site values are to be taken for 

the actual calculations) 

   Data assumed for calculations: 

a.   Resistivity of earth (Soil) in  (ρ)  40 Ω-m 

b.  Incoming Voltage  132kV 

c.  Fault Level at incoming side (i.e. 132kV side) 7000 MVA 

d.  Fault Current on primary side, Ig (7000)/(√3 X 132) = 30618A 

e.  Grid Dimensions  100m X 50m, Area = 5000m2 

f.  Resistivity of surface material (crushed rock), ρs  3000 Ω-m 

g.  Thickness of the crushed rock surface layer , hS 0.1 m 

h.  Depth of Earth mat, h 0.6 m 

i.  Reference depth of grid , ho 1.0m 
 

Standard Values to be taken:  

a.  Duration of Fault current , t  To be taken as 01 second for the calculation of grid 
conductor size on the basis of HV side fault current. 

 To be taken as 03 second for the calculation of grid 
conductor size on the basis of LV side fault current. 

0.5 second for determining the Tolerable touch and step 
potential  

b.  Resistance of the Main 
Earthing Mat  

0.5 Ω (maximum) for TSS 

 

Step 1: Diameter of the grid MS rod size calculation (d): 

(i) On the  basis of HV side fault current i.e. 30618A for 01 second, 
 

   A =                   = (30618 x √1)/ 80 = 382.724 mm2 
 

  By taking 100% margin factor due to corrosion, required area = 2 x 382.724 = 765.44 mm2 

  So, required conductor dia= √(765.44/3.14) x 2 = 31.22mm  
 

(ii) On the  basis of LV side fault current i.e. 6kA  for 3 seconds, 
 

 
A =                = (6000 x √3)/ 80 = 129.9 mm2  

 
 By taking 100% margin factor due to corrosion, required area = 2 x 129.9 = 259.8 mm2 

  So, required conductor dia= √(259.8/3.14) x 2 = 18.19mm  

 
Higher between (i) & (ii) above is 31.22 mm. Now, considering the Para 7.1.2 of the 
specification, 32mm Diameter grid conductor is to be used. 

 
Step 2:  Tolerable Step & Touch Potential  

 
 

 
       

80

tI

 
s

sstouch
t

CE
116.0

5.11000 

80

tI
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Where, Cs =                            = 0.694 

   

                   

  Etouch = {(1000+ 1.5 x 0.694 x 3000)} x {(0.116) /(√0.5)}  

           = 676.220V 

 

 

           Estep = {(1000+ 6 x 0.694 x 3000)} x {(0.116) /(√0.5)}  

           = 2212.735V 

           Step 3:  Design of Grid 

Grid layout = 100m X 50m 

Assumed spacing between earth grid conductors (D) = 5m 

So, No. of Vertical rods in earth mat Nx  = (100/5) = taken as 20 and No. of Horizontal rods in    

earth mat Ny  = (50/5) = Taken as 10 

Total length of earthing system conductor (L) 

                           = Lc + 1.15 Lr for grids with earth electrodes along the perimeter 

                           Lc = 100 x 10 + 50 x 20 = 2000m 

                          Assuming no. of earth electrodes = 70 

                          So, Lr = 4 X 70 = 280m   (4m length of earth electrode) 

                          Total length of Earth conductor = 2000 + 1.15 x 280 = 2320m 

            Step 4:  Grid resistance: 

                                           

 Rg  =  {0.443 x (40/√5000)} + (40/2320) 

      = 0.268 Ω 

Step 5:  Maximum Grid Current (IG) 

 IG = Cp x  Df x Ig  

    = 1 x 1 x 30618 = 30618A 

Step 6:  Earth Potential rise 

 = Rg x  IG 

09.02

109.0

1













s

s

h





 
s

ssstep
t

CE
116.0

61000 

LA
Rg


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 = 0.268 x 30618 = 8200V 
 

Step 7:  Estimated mesh and step voltage 
 

Estimated mesh voltage  

E mesh =                         

Ki  = 0.644+ (0.148 X n)
         

                
n =

 an × bn × cn × dn
 

                     = 13.33 X 1.02 x 1 x 1 = 13.73 
 
                              Ki   = 0.644 + (0.148 x 13.73) 

 Ki = 2.676 

 

             

 Kh =                                          = 1.2649, Kii = 1, n= 13.73,    D = 5m, d = .032m, h= 0.6m 

Thus, Km = 0.409607 

Now, E mesh = (40 x 0.409607 x 2.676 x 30618)/(2320) 

          = 578 V (Which is less than 676.22 V, tolerable mesh voltage)  

Estimated step voltage 

E step =                          V 

 

Ks =                                                                      = 0.385938 

 

Estep = (40 x 0.3859 x 2.676 x 30618)/(2320) 

      = 545V (Which is less than 2212.735 V, tolerable step voltage) 

Estimated Touch Voltage is less than Tolerable Touch Voltage and Estimated Step 

Potential is less than Tolerable Step Potential, Thus design is safe.  

L

IKK Gim ...

 

 

22 21 8
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Annexure-XII 

Sample Calculation for the Design of Earthing Mat for TSS, SP & SSP of 2X25kV System  
 
(Note: This calculations is for example with assumed values, actual site values are to be taken for 
the actual calculations) 

  
Data assumed for calculations for TSS: 

a.   Resistivity of earth (Soil) in  (ρ)  40 Ω-m 

b.  Incoming Voltage  132kV 

c.  Fault Level at incoming side (i.e. 132kV side) 7000 MVA 

d.  Fault Current on primary side, Ig (7000)/(√3 X 132) = 30618A 

e.  Grid Dimensions  100m X 50m, Area = 5000m2 

f.  Resistivity of surface material (crushed rock), ρs  3000 Ω-m 

g.  Thickness of the crushed rock surface layer , hS 0.1 m 

h.  Depth of Earth mat, h 0.6 m 

i.  Reference depth of grid , ho 1.0m 
 

Data assumed for calculations for SP &SSP: 

a.  Resistivity of earth (Soil) in  (ρ)  40 Ω-m 

b.  Fault Current to be taken 12000A 

c.  Grid Dimensions  50m X 30m, Area = 1500m2 

d.  Resistivity of surface material (crushed rock), ρs  3000 Ω-m 

e.  Thickness of the crushed rock surface layer , hS 0.1 m 

f.  Depth of Earth mat, h 0.6 m 

g.  Reference depth of grid , ho 1.0m 
 

Standard Values to be taken:  
 

a.  Duration of Fault current , t  To be taken as 01 second for the calculation of grid 
conductor size on the basis of HV side fault current. 

 To be taken as 03 second for the calculation of grid 
conductor size on the basis of LV side fault current. 

0.5 second for determining the Tolerable touch and step 
potential  

b.  Resistance of the Main 
Earthing Mat  

0.5 Ω (maximum) for TSS 
2.0 Ω (maximum) for SP & SSP 

 

Step 1 : Diameter of the grid MS rod size calculation (d): 

(i) On the  basis of HV side fault current i.e. 30618A for 01 second, (by assuming Fault MVA 
7000MVA at primary side)  

 
   A =                   = (30618 x √1)/ 80 = 382.72 mm2 

 

  By taking 100% margin factor due to corrosion, required area = 2 x 382.72 = 765.44 mm2 

  So, required conductor dia= √(765.44/3.14) x 2 = 31.22mm  
 

(ii) On the  basis of LV side fault current i.e. 12kA  for 3 seconds, 
 

Diameter of the grid MS rod size calculation (d): 

80

tI
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   A =                   = (12000 x √3)/80 = 259.8 mm2 

 
                                By taking 100% margin factor due to corrosion, required area = 2 x 259.8 = 519.6 mm2 

 So, required conductor Dia= √(903.68/3.14) x 2 = 25.73mm  
 
 

Higher between (i) & (ii) above is 31.22 mm. Now, considering the Para 7.1.2 of the 
specification, 32mm Diameter grid conductor is to be used at the TSS. Considering the 
uniformity in the size of the buried grid conductor, at the SP & SSP of 2X25kV system also 32mm 
Diameter grid conductor is to be used. 
 
A Sample calculation for the TSS is already given at Annexure-XII. Therefore, for the SP &SSP the 
calculation is mentioned below: 
 
Sample calculation for SP & SSP of 2X25kV is given as below: 

 
Step 2:  Tolerable Step & Touch Potential  

 
 

 
 

       
 

Where, Cs =                                             = 0.694 

 
    

                 Etouch = {(1000+ 1.5 x 0.694 x 3000)} x {(0.116) /(√0.5)}  

           = 676.220V 

 

 

           Estep = {(1000+ 6 x 0.694 x 3000)} x {(0.116) /(√0.5)}  

           = 2212.735V 

            Step 3:  Design of Earthing Grid 

Grid layout = 50m X 30m 

Assumed spacing between earth grid conductors (D) = 5m 

So, No. of Vertical rods in earth mat Nx  = (50/5) = 10 and No. of Horizontal rods in earth mat 

Ny  = (30/5) = 6 

Total length of earthing system conductor (L) 

 = Lc + 1.15 Lr for grids with earth electrodes along the perimeter 

Now, Lc = 50x 6 + 30 x 10 = 600m 

Assuming no. of earth electrodes = 10 
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So, Lr = 4 X 10 = 40m   (4m length of earth electrode) 

Total length of Earth conductor = 600 + 1.15 x 40 = 646m 

                         Step 4:  Grid resistance 

                                           

 

           Rg  =  {0.443 x (40/√1500)} + (40/637) 

      = 0.52Ω 

                         Step 5:  Maximum Grid Current (IG) 

 IG = Cp x Df  x Ig  

    = 1 x 1 x 12000 = 12000A 

Step 6:  Earth Potential rise 

 = Rg X  IG 

 

 = 0.52 x 12000 = 6240 V 
 
 

Step 7:  Estimated mesh and step voltage 
 
Estimated mesh voltage 
  

E mesh =                         

 Ki  = 0.644+ (0.148 X n)
         

                
n =

 an × bn × cn × dn
 

         = 7.5 X 1.01 x 1 x 1 = 7.6 
 

  Ki   = 0.644 + (0.148 x 7.6)  = 1.77 

 

             

   

   Kh =                                         = 1.2649,   Kii = 1, n= 7.6,    D = 5m, d = .032m, h= 0.6m 

   Thus, Km = 0.49 

    Now, E mesh = (40 x 0.49 x 1.77 x 12000)/(646) 

                = 644V (Which is less than 676.22 V, tolerable mesh voltage)  

LA
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
 443.0

L

IKK Gim ...

 

 

22 21 8
ln ln

2 16 8 4 2 1

D hD h Kii
Km

hd Dd d Kh n 

  
     

     

ho
h1

675764/2021/O/o PED/TI/RDSO
776File No.SCR-HQ0ELEC(TECH)/6/2022-Dy.CEE/PLG/SCR



Specification No. TI/SPC/PSI/ERTHNG/0210  Page 36 of 36 

 

 
 

Estimated step voltage 

E step =                          V 

 

Ks =                                                                    = 0.38 

 

Now Estep = (40 x 0.38 x 1.77 x 12000)/(646) 

      = 500V (Which is less than 2212.735 V, tolerable step voltage) 

Estimated Touch Voltage is less than Tolerable Touch Voltage and Estimated Step 

Potential is less than Tolerable Step Potential, Thus design is safe. 
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MAINTENANCE-FREE EARTH & RING EARTH 
 
1. Introduction 
 

This type of earthing and bonding system is 
adopted for S&T equipments with solid state 
components which are more susceptible to 
damage due to surges, transients and over-
voltages being encountered in the system due to 
lightning, sub-station switching etc. these 
equipments include Electronic Interlocking, 
Integrated Power Supply equipment, Digital Axle 
Counter, Data Logger etc. 
 
This type of earthing arrangement requires no 
maintenance so called as “Maintenance free 
earthing or “Effective Earthing”. Effective earthing 
electrode eliminates problems of conventional 
earthing: 
 
1. By providing highly corrosion resistant 

Earthing Electrode. 
2. By eliminating the corrosion causing elements 

in the salt. 
3. By providing uniform non corrosive, low soil 

resistivity material around the electrode. 
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1.1 Importance of Earthing 
  

 Efficiently dissipate electric surge to protect 
equipments thus minimize downtime, service 
interruption & replacement cost. 

 Provide a stable reference for electrical and RF 
circuits to minimize noise during normal 
operation. 

 Protect staff from dangerous electric shock. 
 

1.2  Characteristics of good Earthing System  
 Low resistance and electrical impedance 
 Conductors of sufficient dimensions capable of 

withstanding high fault current. 
 Lower earth resistance ensures that energy is 

dissipated into the ground in the safest possible 
manner 

 Lower the earth circuit impedance 
 High corrosion resistance 
 Mechanically robust and reliable. 
 

1.3  Location for earth 
 

 Low lying areas close to building or equipment 
 Close to existing water points but not naturally 

well drained 
 Avoid Dry sand, lime stone, granite, stony ground 

and high bank. 
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2.     Applications 
 

 House-hold earthing. 
 Transmission & distribution systems. 
 Substation & Power Generators Transformer. 
 Telecomm Towers & Microwave Antennas. 
 Lightning protection earths in difficult 

conditions for home as well as industries. 
 Manufacturing Facilities & Refineries. 
 Computers & Data processing Centers. 
 Railway Signalling equipments / installations 

consisting of solid state components. 
 

3. Features 
 

 Low resistance and electrical impedance 
ensures dissipation of energy into the ground 
in the safest possible manner. 

 Adequate current carrying capacity 
 Durable and reliable. 
 Specially developed anti-corrosive Packing 

Material having less resistivity, and high 
moisture retaining capacity is used 
surrounding the electrode. 

 This complete arrangement eliminates any 
possibilities of corrosion of the electrode 
unlike conventional system. 
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 Mechanically robust and reliable. 
 Maintenance Free  
 Reliable life : 10 -12 years. 
 The packing material helps in maintaining 

uniformity at different strata and offers less 
resistance to current dissipation, with good 
moisture retaining property. The acceptable 
Earth resistance shall not be more than 1 
Ohm. 

 

4. Components  
 

Following are the components of earthing and 
bonding system:  
 Earth Electrode 
 Earth enhancement material 
 Earth pit 
 Equi-potential earth-busbar 
 Tape/strip and associated accessories 
 

4.1 Earth Electrode 
 

Earth electrode is made up of high tensile low 
carbon steel circular rods bonded with copper on 
outer surface. The earth electrode shall be of 
minimum 17.0 mm diameter and 3 meter length 
as shown in figure :1. 
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Figure:1(a) Copper bonded steel earth electrode 
(b) Electrode with coupler (c) Enlarged view of 

coupler 
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4.2. Earth enhancement material 
 

Earth enhancement material is a superior 
conductive material that improves earthing 
effectiveness by improving conductivity of the 
earth electrode and ground contact area. It mainly 
consists of Graphite and Portland cement. It is 
supplied in sealed moisture proof bags. 

 
It has following characteristics: 

 
 Highly conductive, improves earth’s absorbing 

power and humidity retention capability. 
 Non-corrosive in nature having low water 

solubility but highly hygroscopic. 
 Resistivity of less than 0.2 Ohms-meter. 
 Suitable for installation in dry form or in a slurry 

form. 
 Does not depend on the continuous presence of 

water to maintain its continuity. 
 Permanent and maintenance free and in its “set 

form”, maintains constant earth resistance with 
time. 

 Does not dissolve decompose or leach out with 
time. 

 Does not require periodic charging treatment nor 
replacement and maintenance. 
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 Suitable for any kind of electrode and all kind of 
soils of different resistivity. 

 Does not pollute the soil or local water table and 
meets environmental friendly requirements for 
landfill. 

        
 

(a) Before setting                      (b) After setting 
Figure 2:Earth enhancement material 
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4.3 Backfill material 
 

 The excavated soil is suitable as a backfill but 
should be sieved (screened) to remove large 
stones and place around the electrode taking care 
to ensure that it is wet and compact.  

 Material like sand, salt, coke breeze, cinders and 
ash shall not be used because of its acidic and 
corrosive nature. 

 

4.4 Earth pit    
 

 Construction of unit earth pit  
(Ref: Typical installation drawing no. SDO/RDSO/E&B/001) 
 

 Prepare a hole of 100 mm to 125 mm dia manually 
or with the help of ‘Earth auger’ to a depth of 
about 2.8 meters. 

 Place the earth electrode into the centre this hole. 

 Gently drive on the top of the rod to penetrate it 
into the soil so that minimum 150 mm of the 
electrode shall be inserted in the natural soil. 

 Now fill the Earth enhancement material (min. 
approx.30-35 kg) into the augured/dug hole in 
slurry form and allow it to set. After setting, the 
diameter of composite structure (earth electrode 



CAMTECH/ S/PROJ/13‐14/ME/1.0                    9 

Pocket book on Maint. Free earth & Ring Earth         September’2013 

+earth enhancement material) shall be of 
minimum 100 mm dia. covering entire length of 
the hole. 

 Cover the remaining portion of the hole by backfill 
soil, which is taken out during auguring/digging. 

 A copper strip of 150 mm X 25 mm X 6mm shall be 
exothermically welded to main earth electrode for 
taking the connection to the main equi-potential 
earth bus bar in the equipment room and to other 
earth pits, if any. 

 The main earth pit shall be located as near to the 
main equi-potential earth busbar in the equipment 
room as possible.  

 Figure 3 shows the installation of maintenance 
free earth for S&T installations with reference to 
typical installation drawing no. SDO/RDSO/E&B/ 
001 dated 19.09.2008. 
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Figure 3: Installation of maintenance‐free earth 
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5. Construction of Ring/ loop Earth  
 
At certain locations, it may not be possible to achieve 
earth resistance of < 1 Ohm with one earth 
electrode/pit due to higher soil resistivity. In such 
cases, provision of loop earth consisting of more than 
one earth pit shall be done.  
 
The number of pits required shall be decided based on 
the resistance achieved for the earth pits already 
installed. The procedure mentioned above for one 
earth pit shall be repeated for other earth pits. 
 
The distance between two successive earth electrodes 
shall be min. 3 mtrs. and max. upto twice the length  of 
the earth electrode i.e. 6 mtrs. approx. 
 
These earth pits shall then be inter-linked using 25X2 
mm. copper tape to form a loop using exothermic 
welding technique. 
 
The interconnecting tape shall be buried at depth not 
less than 500 mm below the ground level. This 
interconnecting tape shall also be covered with earth 
enhancing compound. 
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Figure 4 : Interlinking of earth pits using copper tape 

 



CAMTECH/ S/PROJ/13‐14/ME/1.0                    13 

Pocket book on Maint. Free earth & Ring Earth         September’2013 

6. Inspection Chamber 
 

 The inspection chamber is a concrete box of 
300mmX300mmX300 mm (inside dimension) with 
smooth cement plaster finish provided on top of 
the pit. 

 A concrete lid, painted black, approx. 50 mm. thick 
with pulling hooks, shall be provided to cover the 
earth pit. 

 Care shall be taken regarding level of the floor 
surrounding the earth so that the connector is not 
too deep in the masonry or projecting out of it. 

 On back side of the cover, date of the testing   and 
average resistance value shall be written with 
yellow paint on black background. 

 
Figure 5:  Inspection chamber 
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7. Equi-potential earth busbars 
 
 Each equipment room i.e. IPS/Battery Charger 

room and EI/Relay room is provided with one 
equi-potential earth bus bar. Such bus bars are 
termed as Sub equi-potential busbars (SEEB). 

 The equi-potential earth busbsar provided in the 
IPS/Battery Charger room and directly connected 
to Class ‘B’ SPDs and the main earth pit is termed 
as Main equi-potential earth busbar (MEEB). 

 The EEBs have pre-drilled holes of suitable size for 
termination of bonding conductors. 

 The EEBs shall be insulated from the building walls 
by providing low voltage insulator spacers of 
height 60 mm between EEB and the wall. 

 For ease of inspection and maintenance, EEBs shall 
be installed at the height of 0.5 mm from the room 
floor surface. 

 Copper lugs with spring washers are used for all 
terminations on EEBs.  

 
 Bonding Connections 
 
 To minimize the effect of circulating earth loops 

and to provide equi-potential bonding, “star type” 
bonding connection is required. 
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 Each of the SEEBs installed in the rooms shall be 
directly connected to MEEB using bonding 
conductors. Also, equipment/racks in the room 
shall be directly connected to its SEEB. 
 

 
Figure 6: Star type bonding connection 

 

 The bonding conductors shall be bonded to their 
respective lugs by exothermic welding. 

 All connections i.e. routing of bonding conductors 
from equipments to SEEB and from SEEBs to MEEB 
shall be as short and as direct as possible with 
minimum bends and separated from other wiring. 
However, connection from SPD to MEEB shall be 
as short as possible and preferably without any 
bend. 
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Figure 7 : Typical bonding and earthing connections 

(Ref: Typical installation drawing no. 
SDO/RDSO/E&B/002 dated 19.09.2008) 
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8. Materials and Dimensions 
Component
/Bonding 

Material
[as per IS:694] 

Size

Main equi-potential 
earth busbar (MEEB) 

Copper 300X25X6 
mm (min.) 

Sub equi-potential earth 
busbar (SEEB) 

Copper 150X25X6 
mm (min.) 

Individual equipts to 
SEEB using copper lugs 
with stainless steel nut 
and bolts 

Multi-strand single 
core PVC insulated 
copper cable  

10 
Sq.mm. 

SEEB to MEEB using 
copper lugs with 
stainless steel nut and 
bolts. 

Multi-strand single 
core PVC insulated 
copper cable  

16 
Sq.mm. 

Surge protection devices 
(SPDs) to MEEB using 
copper lugs with 
stainless steel nut and 
bolts. 

Multi-strand single 
core PVC insulated 
copper cable  

16 
Sq.mm. 

MEEB to main earth 
electrode 

Multi-strand single 
core PVC insulated 
copper cable 

35 
Sq.mm. 

Main earth pit to other 
earth pit in case of loop 
earth. 

Copper tape 25X2 mm. 
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9. Single earth system 
 

 The Telecom installations shall use single earth 
system in which the different earth connections 
from equipments, towers, D.C. power supply, 
metallic structures etc. shall be interconnected to 
each other through low resistance earthing 
conductors.  

 This method is recommended to keep all the 
points to be earthed at approximately same 
potential level. 

 
10. Earthing of IPS system [ An example ] 
 

The IPS systems and its individual modules have earth 
terminals and these should be properly earthed to the 
IPS cabinet. 
Zonal Railways shall provide earthing arrangement as 
per IS:S 3043. The earth resistance shall not be more 
than 2 ohm. Earth provided shall preferably be 
maintenance free using earth resistance improvement 
material. 
No earth shall be connected to the system. The system 
earth shall be connected to Class B protection module 
and Class B module only shall be connected to earth. 
(Class B protection is dealt in Section IV – Lightning & 
Surge Protection)  
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Figure 7(a): connected to earthdirectly ‐ Incorrect 
(b): connected to earth through Class B – Correct 

 
Care must be taken so that the distance between earth 
pit connection and IPS is always higher than that of the 
distance between earth pit connection and Class B 
module. 
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Separate routing and combining of all earths at one 
point is correct as shown in the Fig. below. 

 
              Figure 8 : Separate routing and combining  
                                 of all earths at one point       
 

11.  Precautions 
 

 Pour sufficient water so that mixture is in paste / 
mud form. 

 Allow the pit to absorb the water and become 
compact. 

 Test the earth pit before connecting to the 
electrical circuit.  

 Avoid excess watering. 
 Do not hammer the earth electrode. 
 The surroundings of the earth electrode should be 

kept moist by periodically pouring water through 
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the pipe in order to keep the resistance below 
specified value. 

 Coke treated electrodes shall not be situated 
within 6 meters of other metal structure. 

 The protective earth of Telecom system shall not 
be connected to the earth of mains power supply 
system. A minimum distance of 10 Meters is 
desirable. 

12. Limits of Earth Resistance 
Maximum values of earth resistances specified for 
earthing of S&T equipments are as under: 

Sr. Description Max. Earth 
resistance 

1. Telegraph and Block Instrument 
using earth return circuit 

10 Ω

2. Earths for surge arrestors/ 
lightening dischargers 

10 Ω

3. Earthing of Signalling equipment 10 Ω
4. Earthing of signalling cable screen in 

AC electrified areas 
10 Ω

5. Earthing of Telephone Exchange 5 Ω
6. Earthing of AL sheathed telecom 

cable in AC electrified area. 
1 Ω
 

7. Earthing repeater and cable huts. 5 Ω
8. Axle counter cable screened in AC 

RE area 
1 Ω
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Sr. Description Max. Earth 
resistance 

9. Electronic Interlocking installation 1 Ω
10 Integrated Power Supply System & 

its individual modules 
2 Ω

11 Digital Axle Counter EJB and its 
apparatus case connected to same 
earth. All cable armours connected 
to same earth. 

1 Ω

12 Reset box of Digital Axle Counter 
connected to earth (indoor) near 
SM’s Room. 

1 Ω

 
13. Checklist for earthing and bonding system  

[ As per RDSO/SPN/197/2008 ] 
Sr. Description of the activity Remarks  
1. Location of the earth pit: it Should be 

located as near to the main Equi-potential 
earth busbar in the equipment room as 
possible.  

2. Earth electrode: Earthing electrode should 
not be installed on high bank or made up 
soil. 

3. The earth electrode (copper bonded steel 
cored rod) shall be of minimum 17 mm 
diameter and minimum 3 meters long. 
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Sr. Description of the activity Remarks  
4. Measure the thickness of the copper 

bonding with micron gauge. The minimum 
copper bonding thickness shall be 250 
microns. 

5. Should have UL making, manufacturer’s 
name or trade name, length, diameter, 
catalogue number punched on every earth 
electrode  

6. Earth enhancement material: Shall be 
supplied in sealed, moisture proof bags. 
These bags shall be marked with 
manufacturer’s name or trade name, 
quantity etc. 

7. The excavated soil can be used as backfill 
but should be sieved to remove any large 
stores and placed around the electrode 
taking care to ensure that it is well 
compacted.  

8.a Constructions of unit earth pit: A hole of 
100 mm to 125 mm dia shall be 
augured/dug to a depth of about 2.8 
meters.  
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8.b Earth enhancement material minimum 

approx. 30-35 kg shall be filled into the 
augured /dug hole in slurry form and 
allowed to set.  

8.c A copper strip of 150mmx25mm x 6mm 
shall be exothermically welded to main 
earth electrode for taking connection to 
the main equi-potential earth bus bar in 
the equipment room and to other earth 
pits, If any. 

8.d The other end connection inside the 
equipment room shall also be of 
exothermic type.  

8.e Exothermic weld material shall be UL listed 
and tested as pr provisions if IEEE 837 by 
NABL/ ILAC member labs. 

9. Measure the earth resistance value. (the 
earth resistance shall be measured at the 
main equi-potential earth bus bar (MEEB) 
with all the earth pits interconnected using 
fall of potential method), it shall be less 
than 1 ohm. 
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10. If more than one earth pit is being 

prepared ensure than 
a. The distance between two successive 

earth electrodes shall be min. 3 meters 
and max. up to twice the length of the 
earth electrode i.e. 6 meters approx. 

b. The earth pits shall then be interlocked 
using 25x2 mm. copper tape to form a loop 
using exothermic welding techniques.  

c. The interconnecting tape shall be buried at 
depth not less than 500mm below the 
ground level.  

d. The interconnecting tape shall also be 
covered with earth enhancing compound.  

11. Inspection chamber: A 300x300x300 mm 
inside dimension concrete box with 
smooth cement plaster finish shall be 
provided on the top of the pit. A concrete 
lid, painted black, approx. 50 mm thick 
shall be provided with pulling hooks, shall 
be provided to cover earth pit. Date o the 
testing and resistance value shall be 
written with yellow paint on black 
background.  
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12. Equi-potential earth bus bar and its 

connection to equipments and surge 
protection devices in the equipment room. 
Refer typical bonding connections drawing 
no. SDO/RDSO/ E&B /002 

13. Equi-potential earth bus bar: the equip-
potential earth bus bar for each of the 
equipment room i.e. IPS/Battery charger 
room and EE relay room to be provided. 
Connection from main earth pit shall be 
terminated in IPS/Charger room where 
B&C class SPD is provided. 

14. The equi-potential earth bus bar located in 
the IPS /battery charger room and directly 
connected to class SPDs and the main 
earth pit shall be termed as main equi-
potential earth bus bar (MEEB). The equi-
potential earth bus bars located in 
individual rooms shall be termed as sub 
equi-potential bus bars (SEEB). 

15. Each EEB shall be installed on the wall with 
insulators spares of height 60 mm and 
shall be installed at a height of 50 cms 
from floor level. 
 



CAMTECH/ S/PROJ/13‐14/ME/1.0                    27 

Pocket book on Maint. Free earth & Ring Earth         September’2013 

Sr. Description of the activity Remarks  
16. All termination on the EEBs shall be done 

using copper lugs with spring washers. 
17. Each of the SEEBs installed in the rooms 

shall be firmly connected to MEEB using 
copper bonding. 

18. Equipment racks in the room shall be 
directly connected to SEEB 

19. The warranty of such system shall be 60 
months from the date of commissioning 
(Date of commissioning shall be jointed to 
main earth pit and near MEEB). 

 
14. Material and dimensions of bonding components 

for connection of individual equipments with 
equi-potential bus bar and earth electrode shall 
be summarized below: 

Component/ bonding  Material Size 
Main equi-potential 
earth bus bar MEEB  

Copper  300x25x6 mm 
(min) 

Sub equi-potential 
earth bus bar SEEB  

Copper  150x25x6 mm 
(min) 

Individual equipment to 
SEEB using copper lug 
with stainless steel nut 
and bolts  

Multi strand single 
core PVC insulated 
copper cable as 
per IS:694 
 

10 sq.mm 
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Component/ bonding  Material Size 
SEEB to MEEB using 
copper lugs with 
stainless stell nut and 
bolts  

Multi strand single 
core PVC insulated 
copper cable as 
per IS:694 

16 sq.mm 

Single protection device 
(SPD) to MEEB using 
copper lugs with 
stainless steel nuts and 
bolts  

Multi strand single 
core PVC insulated 
copper cable as 
per IS:694 

16 sq.mm 

MEEB to main earth 
electrode  

Multi strand single 
core PVC insulated 
copper cable as 
per IS:694 
(duplicated) 

35 sq.mm 

Main earth pit to other 
earth pit in case of loop 
earth  

Copper tape  25x2 mm 

 
15. INSPECTION & TESTING 
         [As per telecom manual chapter XXIII para 33, 34 & 35] 
 

 The complete protection arrangement should be 
inspected and tested by ASTE/DSTE/Sr.DSTE to 
ensure that the work has been completed in a 
satisfactory manner and the material and 
components used conform to the standard. 

 Routine inspection of the installation, particularly 
the earth resistance shall be taken twice a year by 
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the SE/SSE incharge of the station and Earth 
connections of all installation should be checked 
thoroughly two months in advance of every 
monsoon season and remedial measures should be 
taken well in advance of monsoon. 

 A log book shall be kept in which details of the 
measurement and inspection should be recorded 
for scrutiny by higher officials. 
 

16. Source of Suppliers  
 

i. JMV LPS LIMITED  
W-50, Sector-11, Noida, Ghaziabad, Uttar Pradesh, 
www.copperbondedrods.com,www.jmv.co.in 

ii. True Power Earth Solution 
D-10, Vibhuti Khand, 2nd Floor, Gomti Nagar, 
LUCKNOW - 226002 Call: (0522) 4071125, 9838352487 

iii. Arcon Power System 
32, 5th Floor, Room No. 512, South Block, Tea 
Board, Ezra Street, Kolkata 700001,  (033) 66342138  

iv. Signet Engineers 
65 Navi Peth, Near Patrakar Bhavan, Sadashiv peth Pune - 
411030 , (020) 66827332,  www.signetengineers.com 

v. ERICO 
705, 7th Floor, Padma Tower-I, Rajendra Place 
New Delhi,    Phone: +91 11 4153 9164 

vi. Globetel Technologies, No. 52, Bhavani Towers, 1st 
Floor, Opp. Indane Gas Agency, Anand Bagh X Roads, 
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Safilguda, Ecil X Croads, , Hyderabad, Andhra Pradesh -
500047, http://www.globeteltechnologies.com/ 

vii.  A. N. Electricals, Delhi 
2107, 2nd Floor, Chah Indira, Behind Jubliee Cinema, 
Bhagirath Palace, , Delhi,  110006, India 
www.anelectricals.com 

viii. Sor Enterprise, Ahmedabad 
4910/4911, Gidc, Phase-Iv, Opposite Water Tank, 
Vatva, , Ahmedabad,  Gujarat -382445 
sor.tradeindia.com/ Sba Power & Earthing Equipments 

 
 

 
DISCLAIMER 

      The information given in this pocket book does not supersede any 
existing provisions laid down in S.E.M., Rly. Board and RDSO 

publications. This document is not statutory and instructions given in 
it are for the purpose of guidance only. If at any point contradiction is 

observed, then S.E.M., Rly. Board/RDSO guidelines or Zonal Rly. 
instructions may be followed. 
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