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Abstract 

Grounding of Electrical systems is done so as to forestall or limit the possibility of injury or damage to people, 

animals and equipment during electrical accidents. The purpose of a ground besides the protection of people, 

animals and equipment is to provide a safe path for the dissipation of fault currents, lightning strikes, static 

discharges, EMI (Electromagnetic Interference) and RFI (Radio Frequency Interference) signals. The nature of soil 

has a strong influence on the performance of grounding systems.  In this study, an investigation was carried out to 

determine the earthing resistance and resistivity of selected locations within Nasarawa State Polytechnic, Lafia. 

Resistivity measurements were carried out using the Wenner Method while Earthing Resistance measurements were 

carried out using the Earth-Spike Method. Soil resistivity measurement was carried out using 6m, 8m and 10m as 

separation distance between electrodes.  For each separation distance five measurements were conducted, that is one 

for each depth of penetration L. The depths of penetration were 0.20m, 0.40m, 0.60m, 0.80m and 1.0m. The 

resistivity for each depth of penetration was computed from the respective measurement result and the average earth 

resistivity for each separation was also determined. The earthing resistance measurement was conducted for the four 

locations under investigation. For each measurement point a test signal from the equipment was injected into the 

earthing conductor and the auxiliary electrode was driven to ground 30m from the earthing point. Measurements 

were taken using the intermediate electrode at 8m, 14m, and 20m from the earthing point in a straight line with the 

auxiliary electrode and the earthing point. The earthing resistance for each point was computed from the respective 

measurement result and the average earthing resistance for each separation was also determined. The results showed 

that the earthing resistance and resistivity were within an acceptable region. 
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1.0 Introduction 

The NEC, National Electrical Code, Article 100 defines a ground as: “a conducting connection, whether intentional 

or accidental between an electrical circuit or equipment and the earth, or to some conducting body that serves in 

place of the earth.” [1].When talking about grounding, it is actually two different subjects: earth grounding and 

equipment grounding. Earth grounding is an intentional connection from a circuit conductor, usually the neutral, to a 

ground electrode placed in the earth. Equipment grounding ensures that operating equipment within a structure are 

properly grounded. 

Earthing of electrical equipment and appliances are more importantly a protective measure employed to forestall or 

limit the possibility of injury to people during electrical accidents. Electrical accidents themselves will sparingly 

occur if proper earthing practice is adhered to. 

Poor grounding not only contributes to unnecessary downtime, but a lack of good grounding is also dangerous and 

increases the risk of equipment failure. Without an effective grounding system, we could be exposed to the risk of 

electric shock, not to mention instrumentation errors, harmonic distortion issues, power factor problems and a host 

of possible intermittent dilemmas. If fault currents have no path to the ground through a properly designed and 

maintained grounding system, they will find unintended paths that could include people. The most common 

physiological effects of electric current on the body during electric shock are perception, muscular contraction, 
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unconsciousness, fibrillation of the heart, respiratory nerve blockage, and burning. The fibrillation threshold, which 

can prove fatal, is reached when currents of magnitude 60 – 100mA are reached [2, 3, 4]. 

The purpose of a ground besides the protection of people, plants and equipment is to provide a safe path for the 

dissipation of fault currents, lightning strikes, static discharges, EMI (Electromagnetic Interference) and RFI (Radio 

Frequency Interference) signals. 

An effective earthing or grounding is achieved where an integrated earthing system is able to do the following [5, 6]. 

i) It must be able prevent the outer casing of equipment and conductors from assuming a voltage 

potential which is dangerously different from the potential of the surrounding, where there is a risk 

of an explosion, even from very small voltages could be dangerous. 

ii) It must be able to allow sufficient current to pass safely to ground and operate over current 

rupturing protective devices, including those for earth-leakage protection, without danger to the 

equipment and terminal loads. 

iii) It may be necessary for it to be able to suppress dangerous earth potential gradients, where those 

potential gradients may cause the incorrect operation of protective or control circuits and even 

destroy them, and also cause fire and explosion risks at places remote from the source of trouble. 

There is a good deal of confusion as to what constitutes a good ground and what the ground resistance value needs 

to be. The following organizations have recommendations and/or standards for grounding to ensure safety: 

• NFPA (National Fire Protection Association) 

•ANSI/ISA (American National Standards Institute and Instrument Society of America) 

• TIA (Telecommunications Industry Association) 

• IEC (International Electrotechnical Commission) 

• CENELEC (European Committee for Electrotechnical Standardization) 

• IEEE (Institute of Electrical and Electronics Engineers) 

Ideally a ground should be of zero ohms (0Ω) resistance. There is not one standard ground resistance threshold that 

is recognized by all agencies. However, the NFPA and IEEE have recommended a ground resistance value of 5.0 

ohms or less. The NEC has stated to “Make sure that system impedance to ground is less than 25 ohms specified in 

NEC 250.56. In facilities with sensitive equipment it should be 5.0 ohms or less.” The telecommunications industry 

has often used 5.0 ohms or less as their value for grounding and bonding. The goal in ground resistance is to achieve 

the lowest ground resistance value possible that makes sense economically and physically. 

Grounding systems over time tend to degrade due to corrosive soils with high moisture content, high salt content, 

and high temperatures, although the ground system, when initially installed, had low earth ground resistance values, 

the resistance of the grounding system can increase if the ground rods are eaten away, that is why it is highly 

recommended that all grounds and ground connections are checked at least annually as a part of normal Predictive 

Maintenance plan. During these periodic checks, if an increase in resistance of more than 20 % is measured, Berrato 

et al [7] recommends that the grounding system should be investigated in other to isolate the source of the problem, 

and make the correction to lower the resistance, by replacing or adding ground rods to the ground system. 

Soil and rock resistivity may vary considerably from place to place and it is rarely constant either vertically or 

horizontally in the area of interest around an electrical installation. This variation makes the construction of earth 

models for the prediction of earth potential rise a very difficult task. The earthing resistance highly depends on soil 

resistivity, which in turn depends on a number of factors, such as: soil type, chemical composition of soil, salts 

dissolved in soil, moisture content of the soil, temperature's seasonal variation, grain size and distribution, as well as 

soil composition and pressure [8]. Earth resistivity plays an important role in the design and performance of an 

earthing system. Nasarawa State Polytechnic, Lafia has a great variety of earth geology with different soil types 

however, there is lack of comprehensive information about the typical earthing resistance and resistivity values 

within the Polytechnic. The objective of this investigation is to develop a comprehensive data base that could be 

useful for the Polytechnic.  

 

 

2.0 Materials and Method 
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There are various methods for measuring earth resistivity but the most commonly used methods are the Four-Point 

Method and Electrical Resistivity Tomography (ERT) method. The so called four-point method has two variants 

namely:  

i) Equally Spaced or Wenner arrangement.  

ii) Unequally-spaced or Schlumberger-Palmer arrangement. 

 

The Equally Spaced or Wenner arrangement was employed in the course of this work due to ease accuracy and cost 

of using this technic as against the more advanced Electrical Resistivity Tomography (ERT) method. 

 

2.1 Range of separation for Soil Resistivity measurement 

Earth or soil resistivity measurement was carried out using the four electrodes or the Wenner’s Method. It is 

essentially a balancing of potential drops. The equipment used injects a signal of 50V, 575Hz ac into the ground by 

way of electrode E driven into the ground at one end and the signal comes out of the ground through the auxiliary 

electrode, also driven into the ground at the other end. A portion of the voltage drop in the resistance of the earth due 

to the circulating current is picked up by two other electrodes, S1 and S2 driven into the ground equidistant from 

electrodes, E and A and from each other in a straight line as shown in Fig 1. This voltage drop is compared with 

another voltage drop across an adjustable resistor in the equipment through which an equal amount of current as the 

one through the ground is circulating. The adjustable resistor on the equipment is then adjusted for a null – balance. 

The reading of the adjustable resistor at the null balance is therefore taken as the resistance of the earth under test 

which is given as ρE =2πdR ohm –metre [9]. 

 

 

 

                                               
 

  Fig 1: Earth resistivity measurement circuit 

 

 

The test was carried out as follows: 

a) The four electrodes were driven to ground equidistant d from each other and in a straight line with a 

fixed centre M maintained throughout the experiment and the same depth of penetration. For each 

resistance measurement RE, the value of resistivity ρE was determined as ρE =2πd RE 

b) Starting with a separation of one metre, the distance d was varied in steps of one metre, taking and 

recording the resistance reading for each separation in a table of results.. 

c) The separation range being the minimum resistivity to a deviation of about 5% is considered as the 

interval within which if one takes soil resistivity measurements using this equipment the reading will 

be a correct representation of the resistivity of the soil under test. 

This procedure was carried out to determine the range of soil resistivity measurement for the equipment since the 

manufacturers did not quote any such range for the device. The result obtained is shown in Table I and from the 

table it can be deduced that the range of separation between electrodes for the resistivity measurement using this 

equipment is from 6m to 10m. This range was subsequently used for the investigation. 

The Wenner method was used to determine the range of soil resistivity measurement for the selected locations 

namely:  Engineering Complex, ICT Radio Mast, Administrative Block and Twin Lecture Theatre. 
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Table 1: Range of Separation for Resistivity Measurement 

d[m] 1 2 3 4 5 6 7 8 9 10 11 

R[Ω] 7.67 3.56 2.22 1.25 0.96 0.59 0.45 0.41 0.41 0.40 0.40 

ρ[Ωm] 48.20 44.74 41.85 31.42 30.16 22.24 19.79 20.61 23.19 23.14 27.65 

 

2.2 Range of separation for Earthing Resistance measurement 

The same equipment was also used for the earthing resistance measurement with some modifications. Terminals E 

and S1in Fig 1 were tied together and terminated on the earthing electrode whose resistance is being investigated. 

The auxiliary earth electrode A is driven to ground approximately 30m away from the earthing electrode under test. 

The electrode S2 takes intermediate positions d1 through d5 between these two in a straight line with the other two. 

Readings were taken by varying the separation distance between electrode S2 and the earth electrode E as shown in 

Fig 2 

      
Fig 2: Earthing Resistance measurement circuit 

 

The measurement was carried out as follows; 

a) An earthing electrode was driven into the ground. The auxiliary electrode A was driven into the ground 

30m away from E 

b) Starting with a separation of 28m the distance was reduced in steps of two meters and for each 

reduction a corresponding reading of the resistance was taken. Table 2 shows a summary of the result. 

 

 

Table 2: Result of Earthing Resistance Measurement to Determine Range of Separation between 

                Earth and Test Electrode 

Separation D[m] 1 2 4 6 8 10 12 14 16 18 20 22 24 26 28 

Resistance R[Ω] 85 91 93 95 97 98 98 98 98 102 112 121 1135 136 139 

 

 

3.0 Results 
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The two earthing parameters were measured. The ambient temperature was also recorded each day of the 

measurement. The ambient temperature had no serious effect on the measured parameters as the temperature was 

fairly constant during the rainy season which was the period the investigation was carried out. The soil at the test site 

is typical of Lafia and may generally be considered sandy/loamy. 

 

3.1 Soil Resistivity Measurement 

The soil resistivity measurement was carried out for 6m, 8m and 10m as separation distance between electrodes. For 

each separation distance five measurements were conducted, that is one for each depth of penetration L. The depths 

of penetration were 0.20m, 0.40m, 0.60m, 0.80m and 1.0m. The four sets of measurements were conducted on 3
rd

 

June, 24
th

 June, 15
th

 July and 5
th

 August, 2017 respectively. The resistivity for each depth of penetration was 

computed from the respective measurement result and the average earth resistivity for each separation was also 

determined. A summary of all measurement results for the resistivity measurement is presented in Table 3 

 

Table 3: Summary of Results of Earth Resistivity Measurements 

 Earth Rod  

Separation d[m] 

Earth Resistivity ρE =2πd RE [Ωm] 

T1 T2 T3 T4 Average 

6 34.93 16.62 17.24 19.75 22.64 

8 35.59 15.73 15.93 117.19 21.11 

10 29.77 18.42 18.05 20.70 21.72 

Average 33.43 17.59 17.07 19.21 21.83 

σ 28.0 3.06 2.32 1.54  

    Where T1- T4 are tests conducted on 3
rd

 June, 24
th

 June, 15
th

 July and 5
th

 August, 2017 respectively 

 

3.2 Earthing Resistance Measurement 

The earthing resistance measurement was conducted for the four locations under investigation. 

For each measurement point a test signal from the equipment was injected into the earthing conductor and the 

auxiliary electrode was driven to ground 30m from the earthing point. Measurements were taken using the 

intermediate electrode at 8m, 14m, and 20m from the earthing point in a straight line with the auxiliary electrode and 

the earthing point. The range of separation for conducting measurement of earthing resistance is that separation, for 

which the reading is fairly constant, 

The four sets of measurements were conducted on 3
rd

 June, 24
th

 June, 15
th

 July and 5
th

 August, 2017 respectively. 

The earthing resistance for each point was computed from the respective measurement result and the average 

earthing resistance for each separation was also determined. A summary of all measurement results for the earthing 

resistance measurement is presented in Table IV. 

 

Table 4: Summary of Results of Earthing Resistance Measurements 

Description of Earthing Test Results(Ω) Average RE(Ω) 

T1 T2 T3 T4 

Engineering Complex 0.55 0.85 0.44 0.40 0.56 

ICT Radio Mast 0.43 0.33 0.34 0.30 0.35 

Administrative Block 0.54 0.44 0.86 0.41 0.56 



LAJAST: Journal of Engineering, Science and Technology 

ISSN:  2545 - 5583 (online) 

Vol. 1 Number 1, November, 2017 

www.asuplafia.org.ng/journal 

 

13 Page 

 

Twin Lecture Theatre 0.39 0.26 0.37 0.34 0.34 

Where T1- T4 are tests conducted on 3
rd

 June, 24
th

 June, 15
th

 July and 5
th

 August, 2017 respectively 

 

4.0 Conclusion 

The determination of earthing parameters is of paramount importance in every electrical installation to forestall or 

limit the possibility of injury to people during electrical accidents. Without an effective grounding system people 

could be exposed to the risk of electric shock or equipment failure. The on-site investigation revealed that the 

earthing parameters of the vicinity tested complied with reference [6, 8]. 

This study was limited to the use of only one set of equipment for measurement. The accuracy of the Megger Tester 

been analog equipment may not be precise however the results obtained showed correlation with reference [10, 11, 

12]. 
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