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The resistance offered by the earth electrode to the flow of current into the
ground is known as the earth resistance or resistance to earth. The resistance of an
earth electrode is made up of three components Resistance of the (metal)
electrode, Contact resistance between the electrode and soil, and lastly Soil
Resistivity (Refer Pamphlet on Measurement of Soil Resistivity issued by
IRCAMTECH, Gwalior). For checking the efficiency of earthing system, the tests
done are measurement of earth resistance of each electrode and measurement of
resistance of entire earthing system when all electrodes are connected to the grid.
These tests shall preferably be done during the summer months.

(Ref: Para 41of IS3043: 2018)

A number of different test methods may be used to measure a site’s
combined/individual resistance which is based on a fall of potential (FOP)
technique. In general the following common test methods may be used:

a. Fall of potential 61.8 percent test

b. Fall of potential - Test using a clamp on CT

c. Fall of potential – Slope test

d. Fall of potential - 90°/180° test

In FOP method two auxiliary earth electrodes, besides the test electrode, are placed
at suitable distances from the test electrode as shown in Fig.1 .A measured current
is passed between the test electrode A and auxiliary current electrode C. The
potential difference between the test electrode A and the auxiliary potential
electrode P is measured.

R = resistance of the test electrode in ohms,

V = reading of the voltmeter in Volts, and

I = reading of the ammeter in amperes.

INTRODUCTION

The resistance of the test electrode A is then given by

Where,

Figure 1:  Method Of 
Measurement Of 
Earth Electrode 
Resistance

MEASUREMENT OF EARTH ELECTRODE RESISTANCE



 At the time of test, where possible, the test electrode shall be separated from the
earthing system.

 The auxiliary electrodes (P&C) usually consist of 12·5 mm diameter mild steel rod
driven up to 1 m into the ground.

 All the test electrodes and the current electrodes shall be so placed that they are
independent of the resistance area (Sphere of Influence) of each other. Generally
the distance of auxiliary current electrode C should be at least five to 10 times the
length of Earth electrode (Ref. IEEE 81 -2012)

Measurement of resistance of Earthing system (Combined earth resistance (CER)) is
different than measurement of resistance of Individual earth electrode (Earth
Resistance (ER))

Figure 2.: Effect of C location on the earth 
resistance curve

POINTS TO NOTE

 For an Individual test electrode which is in the form of rod, pipe or plate, the
auxiliary current electrode C shall be placed at least 30 m away from it and the
auxiliary potential electrode P midway between them.

Minimum Distance for C: Consider below Figure2, which shows the effect of earth
shells overlap between the test electrode and current electrode C on the value of
resistance. In Figure 2-A, current electrode C is so close to the test electrode that
the both earth shells are overlapping . Then potential electrode (P) is positioned at
61.8 percent of the distance between the test electrode and the current probe
(C).The value of resistance will be affected due to shells overlapping of test
electrode & current electrode at that point .The value of resistance will be increases
continuously due to shell overlapping of current electrode C.

In Figure 2-B, current electrode C is placed
farther away from the test electrode . Then
effect of shells overlapping of test electrode
& current electrode are nil at 61.8 percent of
the distance between the test electrode and
the current electrode (C). The value of earth
resistance is very close to the actual earth
resistance at that position. The value of
resistance will be same near the 61.8 percent
location.



a. Fall of Potential 61.8 Percent Test

• The 61.8 percent test is the recommended test procedure for small earth
electrode systems where the electrical centre of the earth system is known,
particularly ground mounted distribution substations and pole mounted
transformers.

• In this method the value of measured resistance will be equal to the true
value when the voltage probe (P) is positioned at 61.8 percent of the distance
between the test electrode (A)and the current probe (C).

Figure 3:  Fall of Potential 61.8 Percent Test

A 50 m separation between the earth grid and the current probe (C) may be used
and is usually adequate for smaller earth systems. If the earth electrode system
(Multiple electrode) is of medium size containing rods, then these distances should
be increased for correct measurement of earthing system resistance as per the
table given below.

Table 17 - 61.8 Percent Test Probe for Various Grid Sizes
(Clause 41.1.6)

Maximum 

Dimension of

Earth Grid 

Under Test

Distance to 

Current Electrode 

from Centre of 

Earth System

50 

Percent  

Distance

61.8 percent 

Distance to Voltage 

Electrode from 

Centre of Earth 

System

70 

Percent 

Distance

M M m m m

(1) (2) (3) (4) (5)

Small or single 

electrode

20 25 31 37

5 100 50 62 70

10 150 75 93 105

20 200 100 124 140



Test Procedure

• In 4 Terminal Earth Tester the Current Terminal (C1) and Potential
Terminal (P1) together with a short jumper on the earth tester and connect it
to earthing Test electrode(A) under test.

• Drive another Current Electrode (C) into the earth at suitable distance as
explained above and connect to C2 Terminal of earth tester.

• Drive another potential Electrode (P) into the earth at 61.8 percent of the
distance between the test electrode (A)and the current probe (C)and connect
to Earth Tester on P2.

Take the Reading of Earth Resistance value. This is the actual resistance value of the
Test electrode(A). To confirm the accuracy of the first reading the potential probe
should be moved to the 50 percent and 70 percent positions and additional
readings to be taken.

(b) Fall of potential - Test using a clamp on CT

• This test is similar to the standard 3 terminal FOP test and has the advantages that
it may be used to measure the resistance of a system without disconnecting the
earthing and can measure the resistance of an individual electrode (again without
disconnecting)

CT which clamps around the electrode to be tested.
Figure 4 shows a 3-terminal test with CT clamp. The
CT may be used to detect the test current returning
via that specific electrode and allows the resistance
of the electrode to be measured without
disconnecting it from the rest of the earth system.

Figure 4: Terminal Tester With CT Clamp



(c) Fall of Potential — Slope Method

• This test is recommended for large earthing grid, such as underlies a substation or
encircles a transmission tower, has a commensurately large electric field in the
soil. Location of Current Electrode probe require several hundred feet beyond this
influence, which might be quite impractical. Also the electrical centre of the
earthing system cannot be known if the current Electrode probe is not far enough
away. The slope method permits an estimate of where the resistance of the
electrode under test maximizes.

• In this method potential probe (P) is positioned at 0.2, 0.4 and 0.6 times the
distance between the test electrode (A) and the current probe (C) & measure the
resistanceR1, R2 and R3 respectively.

• The slope of coefficient µ i.e. rate of change of slope, can be calculated by:

Look up the value of PPT/CP corresponding to the µ from table 5 of IEEE Std 81-
2012

 Since CP (distance to the current probe) is already known, calculate a new PPT

(distance of the potential probe) as follows :-PPT = PPT /CP x CP

 Now measure the earth resistance by placing the potential probe at this new
distance PPT. This measurement is known as the “true” resistance.

 Repeat the whole process for a larger value of CP. If the “true” resistance
decreases appreciably as CP is increased, it is necessary to increase the distance
of CP still further. After making a number of tests and plotting the “true”
resistance, the curve will begin to show less of a decrease and will indicate
more stable readings. It is at this point the resistance of the earthing system is
noted.

Figure 5: Fall of Potential — Slope Method



(d) Fall of potential - 90°/180° Test

• This technique should be used in
conjunction with the 61.8 percent
method to verify the results
obtained. The test equipment should
be set up as shown in Figure.

• The current probe C2 should be
positioned as far as away from the
earthing system under test as
practicable and the voltage probe P2
should be positioned at an angle
between 90º / 180º to the current
electrode route.

• In a railway installations like platforms,
buildings with solid concrete grounds,
where measuring of earth resistance Fall
of Potential method in not practical
because no provision for inserting current
& voltage probe is available. The clamp-on
ground earth tester is an effective and
time-saving meter as disconnection of
earth system is not required to make a
measurement and place probes in the
ground. Measurement of Earth resistance
through Earth tester shown in figure 7.

Suppose a earth system consist of multiple earth electrodes as shown in figure 8.
The clamp-on ground tester is clamped around one of the earth electrodes and then
it measures the resistance of the entire loop.

• This method effectively analysis a loop resistance measurements briefly

explained below.

Figure 6:  Fall of Potential – 90°/ 180° Test

Figure 7:  Earth tester

CLAMP ON EARTH TESTER (OTHER SOURCE THAN IS)

Figure 8:  Earth System with multiple Earth Electrode



R6 R1 R2-R5 RLoop

10 Ω 10 Ω 10 Ω 12 Ω

10 Ω 100 Ω 10 Ω 12.44 Ω

100 Ω 10 Ω 10 Ω 102 Ω

Note:- If we take 60 electrodes each having resistance from R1 to R60 is 10 Ω.
Where the test electrode is on R60 .Than the loop resistance measurement with
tester will be 10.17 Ω.

• From the above table it is clear that the measurement of the loop resistance is
relatively close to the resistance of the earth electrode being tested. The more
electrodes or ground paths in the system the nearer the measurement gets to
the actual electrode under test’s true resistance. The clamp-on earth tester can
easily indicate a poor electrode whether there are a few parallel paths in series
with the measured value, or many parallel paths present.

• On the basis of above discussion it can be concluded that this method will give
user an approximate idea about earth resistance value of the particular
electrode and the same can be compared to the standard value of earth
electrode resistance.

Limitation

• clamp-on earth tester measurement is a measurement of the resistance of the
entire loop. There must be a loop resistance to measure i.e there must be a
series- parallel resistance path

Disclaimer:

It is clarified that this pamphlet does not supersede any existing provisions laid down by
RDSO, Railway Board or Zonal Railways. The pamphlet is for guidance only and it is not a
statutory document.

If you have any suggestion or comment, please write to:

Dy. Director (Electrical), CAMTECH, Maharajpur, Gwalior (M.P.) – 474 005

Ph.0751-2470740, Fax 0751-2470841

E-mail: direlcamtech@gmail.com

The remaining earth electrodes are all connected in parallel and earth electrode
being measured is in series. If the clamp-on tester is clamped around R6, the
measurement of the resistance of the entire loop shown by clamp on tester will be
as shown below:


