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. ABSTRA-CT ith a view lo ensuring a safe
This paper presents the poor earthing situation in /’ﬁkg" ":}ce of a standard guiding e
use of electric energy, In Afikpo town, there is total avsence | This paper therefore
earthing procedure in buildings and other electrical ms'(al.lallloi;:- and[l'fé' environs, to
aims at providing information on the carthing syslcm'wuhm 4 ﬁI(JUJ it arecs ofAj;io‘{' "
Serve as a guide or a local standard Survey was carried out in ¢ ’ﬁ;’-’ € 16 Gsceria ’// .
lown by way of experimental investigation using earth resistance u’s!er 0 {c; 4 ’a ' :Ic
various earth resistance properties of the areas. However t!:e result from ,”:‘ ',”l':f”' cit
Work revealed that less attention has been paid to preliminary test of the SOIt 4 ‘f"r ¢
earthing in most of the domestic installations thus resulting in various f'aull COHC{H!OH‘J in
the installations., This research work provides required data on the resistance properties
of various towns in Afikpoarea (Akanu Ibiam Federal Polytechnic Unwam.J,. Unwana
lown, Enohia ltim town, Osizza town, Ehugbo town, Ndibe town and ..-Imus.u'r town) a
metropolitan town in Ebonyi State, Nigeria. Responses from 151 quesllonnau'es.m‘ecl lo
analyse this research work, show that there is very low awareness on the issue of
earthing in Afikpo area. In view of this, a local earthing template was llwr'ef(')ru
developed Srom the study, 1o guide the practitioners in the area on appropriate carthing '
procedures. It is also believed to have enough information that will help in reducing the
rampant cases of poor carthing practices with its attendant hazards. The paper finally
recommends that landlords and tenants should be conscious of earthing in their buildings
while government and professional bodies should ensure strict compliance with relevant
earthing ethics in buildings.
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INTRODUCTION
The environment under study is Afikpo arca which comprises Akanu Ibjam Federal Polytechnic Unwana,
Ehugbo town, Unwana lown, Enohia Itim town, Ozizza town, Ndibe town, Amasiri town, elc. This rescarch
work takes a look at the necessary conditions that should be met before connecting the non-conducting part
ofan clectrical installation or facility to the general mass of the earth. The opinions of residents of these
towns were also sought through questionnaires on carthing practice and inferences were drawn.

Larthing is achicved by creating a low resistance path for the flow of fault-current using carth cleclrode as a
first link. This reduces the degree of opposition to the flow of fault current, The assembly ofearth clectrode
and carth continuity conductor in a particutar soil portion around an electrical installation in order to provide
a low resistance path for fault current describes an carthing system (Rajput, 2011). The simplest and
somewhat misleading idea of a good ground for an clectrical system is a section of iron pipe driven into the
carth with a wire conductor connected from the pipe to the electrical circuit, However, this may, or may not
be a suitable low resistance path for clectric current to protect personnel and cquipment. The reason is that
carth resistivity has an important bearing on clectrode resistance as does the depth, size and shape of the
clectrode. In a simple way, clectrodes are conducting elements used in conveying current to and from the
medium under study, which is the carth in this case (Uppal and Garg, 2009).

Related Theories
Many important works have been done on carth resistance testing. Accord
reliable cquipment grounding system that connects al| the metallic fram
must be kept at a safe reference potential. They also stated that the m
determining the carth electrode resistance was identified as the "fall-of-
resistance of a ground bed cannot be accurately measureq unless it js
paths. The current generated by a test instrument will be split amon
rcading on a test instrument will not represent the ground bed resistance

ing to Robert andWilliam (1987),a
¢s of clectrical cquipment together
ost reliable and accurate method for
potential" method, stressing that the
isolated from other parallel ground
8 all the paths, As such, the meter
accuratcly, -
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Megger (2010), a registered trademark in (e manufa

: ractical Guide to Eg P, |
Earth, A Barth Resistance Testing, made it clear that the resistivity of the carth depends

much on the type of the soil; moisture content; availabilit o S g I i
. ofd alts: vari imatic conditions
and the resultant cffects on the temperature of the soil d syt iatigpin ol

owing to this factany reliable carth resis
resistivity of the soil specimen under test.
Another important parameler in an effective

cturing of test instruments in her Getting Down (o

ance lest must consider the influence of these variables on the

. ! and efficient ing i slectrode. The carth
clcctrcfdf:.:s lhc.: mcans ol“mukmg contact with the gcncralc:lls‘;ngrsl)l’fctcclgr:lsl ll}‘TlgﬂSl:c‘{rl:':I‘dT:" Guide to the
16th Ldition 1EE Regulations opines that major considerations should be made to ensure that the electrode
resistance is not so l}lgll that the voltage from the carthed metalwork to the carth exceeds 50V (1EE, 2001).
In cases where Residual Current Devices are used, the product of the operating current of the Residual
Current Dc;l;\isrm i}'“l’Cl‘Cs .und l'hc clectrode resistance in ohms should not exceed S0V for ndrmal dry
locations orZ or construction sites and agricultural premises. Based on the above fact, due consideration
should be given to carth clectrode resistance to ensure conformity to the above standard. Efforts should be
made to ensure that carth resistance does not exceed 200 Ohms, for a proper earthing to be achicved in a
domestic installation (Rao, 2009a).El-Tous and Alkhawaldeh (2014) posited that using chemical clements
around the clectrode of carthing systems reduces the carth resistance and as such improves the efficicney of
lhc.syslcm. They ho“.rcvcr noled that the use of these clements cannot guarantee very high reduction in carth
resistance nccompan_lcd by their expensive naturc and unavailability at all times, hence their stand for the use
o-t' Dead Sca Waler instead of the chemical elements to further reduce the carth resistance at minimum cosl.
The measurement of resistance for an carth clectrode is very important and as such, should be done when the
clectrode is first ms.lnllcd and then at periodic intervals thercafter. This is meant to ensure that the resistance-
lo-ground docs notincrease over time (Rao, 2009b). Again, Rao (2009b) further advocated the use of ground
resistance - monitoring - system  which acts as an automated timed/continuousresistance (o ground
measurement, explaining that this dedicated system uses the induced frequency test method to continuously
monitor the performance of critical grounding systems.Some models may also providc automated data
reporting without interrupting the clectrical scrvices.
The domestic installations in Afikpoarca are faced with earthing chalienges because the rural dwellers do not
have access to the requisite testing belore carthing. This is basically due to lack of the needed expertise on
the part of the local artisans and the cost and availability of carth resistance measuring equipment. This study
is geared towards giving builders and house owners an idca of how to get their buildings carthed in
Aflikpoarea; thereby answering the technical complaints that have always emanated from the artisans.
Theoretical results from rescarches reveal that some factors need to be considered for the purpose of long
term cfficient performance of carthing systems. These factors include:
I. Changes in the Size of Electrical Facility: A plant or other clectrical facility can expand in sizc. Also,
new plants continue to be built larger. Such changes create different needs in the carth electrode. ‘This
implics that what was formerly a suitably low carth resistance can become an obsolete standard.

2. Increase in the Usc of Digital Technology:As facilities add more modern sensitive computer-controlled
cquipment, the problem of clectrical noise is magnified. Noise that would not affect cruder, older
cquipment can cause daily problems with new equipment.

3. High Presence of Non-metallic Materials in the Earth: As morc non-metaliic pipes and conduits are
installed underground, such installations become less dependable as effective, low-resistance ground

conneclions.

METHODOLOGY . . . -
This study involved scrious ficld work. The towns in question were physically visited and the carth

resistance measurement was actually taken. In each town, two different spots were tested. Onc spot was
usually the top of a hilly place and it is rcfcrrcc! }o, in this paper as ‘High Spol-‘. The 0!hcr is the basa: ol a
valley which is here referred to as ‘Low Spot’. Ih‘c cssence of this was to sce Iflh.(!, altitude of lh.c soil has
any cffect on the resistance of the carth of a particular place. Therefore two rcadings were obtained [rom
cach town, Again, at cach spot, four rcadings were taken to ensure repeatability. At the end, the average of
the four readings was taken. _ B _

at the instrument uscd was Megger Earth Resistance Tesler. Itis an analoguc

IUis worthy of mention, th M { ”
Measuring instrument with three different values of multiplicrs to make readings casicr.
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issues relating to carthing. The details of the result of the study
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Figure 1: Schematic diagram of the carth resistance measurement

From figure 1, E is carth clectrode; P is a steel pin while C is another steel pin. By specification, E, P and C
arc required to be separated from cach other by between 5 metres to 10 metres. Measurement is taken by
sclecting a multiplier and pressing the ‘Mecasurcment’ button,

Procedure ;

The procedure observed in carrying out the study at cach study spot was as follows:
* The C clectrode was driven into the carth and connected to the instrument,

* The P clectrode was driven into the carth and connected to the instrument.
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* Lach of the clectrodes was 5 to 10 mectres apart of the other.,

*  The connection of the probes was crosschecked to ensure accuracy,

* The battery indicator key was pressed to cnsure that the instrument is working properly.
*  The appropriate multiplier was sclected for cach soj composition,

* The mecasurcment button was pressed to obtain a reading and it was taken four times while the average
was recorded as shown in table 1.

* In the course of the cxperiments, questioy
responses on issues relating to carthing,

* After some days, the questionnaires were collected back from the respondents

naires were also shared o dwellers of each locality for

RESULTS )

Table I: Towns and their carth resistance readings

| S/N | Locations High Spot T ow o
] I‘ederal PolytechnicUnwana T()g\p\%
2 Unwana town 1010 " 350
3 Amasiri town M\

. : 522
4 Ozizza town _ ] 363\\\—920
5 Ehugbo town 960 \560
6 Ndibe town . 1100 \‘l
.7 Enohialtim town 1005 ) EOO
76
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Figure 2: Bar chart of carth resistance values in Afikpoarea

Appendix B, shows details of the results gotten from the responses of the respondents to the questionnaires.

DISCUSSION

It should be recalled that (Rao, 2009a) advised that efforts should be made to ensure that carth resistance
does not exceed 20092, for a proper carthing to be achieved in a domestic installation. However, looking at
table | above, five out of the seven towns that were studied, recorded earth resistances of over 200Q at both
their high and low spots. These towns include Ehugbo town, Ozizza town, Amasiri town, Unwana town and
Federal Polytechnic Unwana. Ndibe town recorded the highest resistance at the high spot (1100Q2) and the
lowest resistance at the low spot (1Q). It is worthy to state here, that the valley arca that was tested at Ndibe
town, had a water logging nature and a bed rock in the soil that could not allow the carth clectrode to go up
to half of its length into the soil. This is suspected to be the reason behind the very low reading of only 1.
The low spot of Enohia Itim town was the only arca that recorded the maximum acceptable 200Q.0zizza
town rather sprang a surprise by giving a higher resistance reading at the low spot. It is 920Q for the low
spot and 36302 for the high spot. To explain the likely cause of this scenario, recall what Mcggar (2010)
posited in her Getting Down to Earth, A Practical Guide to Earth Resistance Testing — that the resistivity of
the carth depends much on the type of the soil; moisture content; availability of dissolved salts; variation in
climatic conditions and the resultant eftects on the temperature of the soil.

[tis very possible that onc or more of the above factors must have contributed to that result.

With reference to appendix B, 200 questionnaires were administered while 151 of them were recovered from
the respondents. Out of the 151 respondents, 36 were landlords, representing 23.84%; 106 were tenants,
representing 70.20% and 9 were clectrical technicians or artisans, representing 5.96%.

Over 75% of the total respondents did not have even a fair knowledge of carthing; over 68% did not know il
their buildings were carthed; over 82% experienced clectric shock duc to poor carthing system; more than
78% never knew if there was a regular check on the carthing system of their buildings; all the artisans stated
that only between 1 and 20% of landlords they had worked for, had a fair knowledge of carthing and that
there was no laid down chat on carthing practice in Afikpo. .

As a result, this paper strongly advises that the table ofctjmh resistances of the towns under study (as shown
in table | above) should be uscd as a template for carthing system in Alfikpo arca. The target should be to
reduce the carth resistance to 2000 or less for the clectrical installation of any building in question in the

darea.

CONCLUSION g ; :
By the foregoing observations therefore, the safc professional advice that can be given to members of these

towns is that they need to treat their soil very well during ca'rthing. This is more scrious-for those whose
huildings are located at high spots. The aim of this treatment is to reduce the resistance of the cz}rlh at tlhut
spot to less than or cqual to 2009. El-Tous and Alkhawaldch (2014) suggested the usc ol chemical
compounds (c.g. aqueous methacrylamide, sodium acrylate, ctc.) around the clectrode of carthing sysiems.
However, they noted that the use of thesc clements cannot guarantce very high reduction in carth resistance
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{ all times. They later suggested the use of Deyg Se
ad o the carth resistance al minimum COS[-Othcrs
Rl (2006) suggested the usc of “I‘“’ OF more egry,
in parallel; addition (_)f_s?us 5.“_“ as magnesiyp,
il of lower resistivity as an carth clecrgg,
loyed, there should be a 'rcgula-r check o,
to avoid an undesirable increage j,

in addition to their expensive naturc and unavailability
Water instcad of the chemical clements to further re
suggested the use of salt.For instance, Okyere and Edu
clectrode buried at different locations and connected
sulphate, sodium chloride, copper sulphate, etc. and use of so
baCl\'f'lll.Morcovcr, the advice is that whatever method that is emp
the resistivity of the arca in use to ensure that it is treated when necessary
the carth resistance.

RECOMMENDATIONS . i ightenme ;
.~ Appropriate regulatory body such as COREN should periodically or ﬁanéf;i?ccanru]gi:gStanngggp Algn
for artisans, craflsmen and technicians to ensure due compliance Wit ln' s to ensure that variation ;
. There should be periodic testing of already existing clectrical G aru;)n arthing system Son
. the resistivity of the carth docs not adversely affect the effectivencss 0 l:ic ¢ anis"l:ns L -
iii. Certitying bodics should put-up a frame work that Emfl ensuxiéhcizﬁl;lfﬂ ng ans, 8, clc,
are made to be owners of relevant carth testing kits before ce o i
v, Regulatory body ].:ucl? as CCOnr:EN is cnc%uragcd to cnsurc pretesting of completed domestic

installation before they are put to usc.
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Appendices

Poor Earthing System: A Casc Study of Afikpo and its Environ ] '

- b )

cndix A .
SFL,J';BSTIONNM RE TO FIND OUT THE POOR EARTHING SITUATION IN AFIKPO AREA
Dear Respondent, .
We are trying to carry out a practical investigation on the topic, ‘The Poor Earthing System: A ’Casc-
Study of Afikpo and Its Environs’. The investigation is a purcly professional academic rescarch work. We
want to scck your opinion through this questionnaire, to know if the thought that drove us to the above topic
is right. Your response can help in redirecting us and the local dwellers on the recent acceptable carthing
technique for Afikpo area.

Finally, accept our assurance that any personal information you give here shall be treated as confidential.

Thank you.

Etu, L. A. and K. E, Jack

What category do you belong?
[A] Landlord
[B] Tenant

[C] Electrical Technician or Artisan

What is your locality in Afikpo?

[A] Akanulbiam Federal Polytechnic Unwana
[B] Unwana town

[C] Enohialtim town

[D] Ozizza town

[E] Ehugbo town

[FF] Ndibe town

[H] Amasiri town

2,

How long have you resided in the locality?

[A] 1-Sycars
[B] 6-10ycars
[C] l1-15ycars
[D] 16 and above

9.

Do you know what carthing mcans?

[A] Yes

[B] No

Is your building carthed?

[A] Yes

[B] No

[C] No idca N

Do you cxpcrience any kind of electricity shock on the walls of the buliding or the body of
your appliances?

[A] Yes

[B] No o )

Is therc any regular check on the carthing installations?

[A] Ycs ~

[B] No

[C] No ideca ) .

Was the carthing system treated with any other matcrial apart from domestic salt?

[A] Yes

[B] No

[C] No idea

As an Electrical Technician or Artisan, rate by percentage how many landlords you have
worked for that know and appreciate proper carthing practice.

[A] 1-20%

[B]21-40%

[C]41- 60%

[D] 61% and above

As an Elcctrical Technician or Artisan, have you come across any laid down chat on carthing
practice in afikpo area?

[A] Yes
(B] No
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vV o LAppendix B 2 ,
© Number of questionnaircs administered: 200 -
Number of questionnaires recovered: 151

Question 1 result

Number of landlords 36 23.84% |
Number of tenants _ 106 70.20%
Number of Electrical Technicians or Artisans 9 5.96%
Total _ 151 100
Question 2 result _
Akanulbiam Federal Polytechnic Unwana 5 3.31%
Unwana town ) 21 13.91%
Enohialtim town 13 8.61%
Qzizza town 17 11.26%
Ehugbo town 57 37.75% 1
Ndibe town 18 11.92% ,
Amasiri town 20 13.25%
Total 151 100
Quocstion 3 result )
| — 5 years 32 21.19%
6 — 10 ycars 59 _139.07%
11 —15 ycars 145 29.80%
16 ycars and above 15 9.93%
Total 151 100
Quecstion 4 result
Yes 37 24.50%
No 114 75.50%
Total 151 100 |
Question 5 result -
Yes _ 33 21.85%
No 14 - 9.27% ,
No idca 04 68.87% 3
Total 151 100
B
Quecstion 6 result 1
Yes 124 82.12%
No 27 17.88%
Total 151 100
Question 7 result
Yes 6 3.97% ]
No 27 17.88% !
No ideca 118 78.15% i
Total 151 ' 100
Question 8 result . b
;CS 10 ] 6.62% y |
- 20 13.25% 3
No ideca 121 80.13% : ]
Total 151 100
Question 9 result
1 —20%
2= 40% 3 (1)?/?%
41 - 60% 0 0%
61% and above 0 0%
Total 9 100
Question 10 result
Ics 0 %
T"t | 9 100%
o E) 100
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