
Chapter 8 

Backfilling 

Acc,1rding to the data in chapter 7 the soil in the interfacing hemisphere should have low 
resi:-.tiYity to get a low earth resistance. Normally, the resistivity of various type of soil is as 
follu\\ s. 

Soil type 

Marshy ground 

Loam and clay 

Chalk 

Sand 

Peat 

Sandy gravel 

Rock 

Table 8.1 

; 

Typical resistivity 
Ohm-m 

2- 2.7 

4- 150 

60- 400 

90- 8,000 

200 upwards 

300- 500 

1,000 upwards 

Typical resistivities of various soil types [5 ] 

Prc:-;cntly CEB usc copper plated steel rod with a GI cage as the earth electrode and concrete as 
back lilling material. But its earth resistance is over 50 Ohm. So I conducted three tests to 
clan r: the result .In order to do the test, three electrodes were installed as follows. One method is 
earth rod with a GI cage (Presently CEB use this method) and the other one is earth rod without 
the ( Tl cage. For both tests. equal volume of concrete was used for back filling. Final method is 
an l'icctrode rod without GI cage and existing soil as the back filling material. The results were 
as !(lllows. 

Rc:-.I:-;ti\ity ofthc soil is around 850 Ohm m. 

~ll_d Method Earth Resistance (Ohm) 
--

\\ithout Gl cage with existing soil 750 
'Rl)d without Gl cage with concrete 195 
. Rod with GI cage \Vith~oncrete 82 

Accurding to that result we can understand concrete is not a good backfilling material. But now a 
da\" CEB use concrete to protect the GI cage from corrosion. However earth resistance of 10 
ohm target cannot be achieved from these methods. 
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Figure 8.1 Earth electrode without Gl cage 

Figure 8.2 Earth electrode with GI cage. 
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8.1 Backfilling Material 

According to the table 8.1 we can understand the resistivity of the soil varies from place to place. 
Therefore at least the resistivity of the soil which is in the critical cylinder should be very low to 
get ,t hetter earth resistance reading. Then it will become independent from the surrounding soil 
typl'. So special type of mixture was prepared considering following factors 

Acun·ding to the chapter 6 some percentage of moisture should be in that mixture. To keep the 
moisture content for a long period, coir dust is a very good material. But it is very difficult to 
compact it properly. Therefore coir dust is mixed with clay and prepared a mixture. After that 
charcoal dusL carbon powder were collected to that mixture as carbon is a good conductive 
mall'rial. In addition to that. salt, gypsum and sodium carbonate (~ashing soda) were added for 
this mixture. Finally that mixture is mixed with water and measured the resistivity. Then it was 
awund ..:J- Ohm m. 

But ~lfkr Ccw rainy days the artificial chemical which we added to that mixture was absorbed by 
tiK earth and the soil around the earth electrode became neutral. To over come that problem a 
barrl'l \vhich is made from aluminum or galvanized was used as follows. Hence all chemicals 
\\!111.:11 are in that mixture will remain there. Then the moisture content also can be maintained 
\\ ithuut absorbing it to the earth due to that barrel. 

.'''···" .· .. . ·,::!~·~~:~:·;;~ 

Figure 8.3 The barrel which is used for backfilling 
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Backfilling method by adding chemicals 
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Figure 8.5 After 6 months 
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Initially this electrode will take somewhat higher value for the earth resistance. But after a few 
months it will properly compact and earth resistance will be reduced. After backfilling, the earth 
resistance was measured monthly. Next the results were tabulated as follows. According to the 
graph the resistance will drop from 57 to 33. The reduction percentage is 42.1 %. That is because 
oL naturally it is compacted and the chemicals are properly mixed with the soil. Figure 8.5 is the 
bt'sl example for maintain the moisture condition. After raining the collected water around the 
ekctrode will not be absorbed to the ground due to the barrel. But because of sun rays that water 
can he vaporized. However the moisture level of the soil in the barrel can be maintained at a 
higher level than the normal soil of the ground because of the coir dust in the mixer. 
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Figure 8.6 Earth resistance Vs Time 

1 hv resistivity of the surrounding soil is around 400 Ohm m. The lowest measured overall earth 
resistance is around 33 Ohm after 6 months. Hence the resistivity ofthe mixture can be assumed 
a~ I 0 hm m at that time. Otherwise it is very difficult to measure the resistivity of the mixture in 
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the barrel. That is because the soil in the barrel is properly mixed with the chemicals and 
compacted properly. The total cost for this electrode is around Rs. 3000.00 only. Therefore this 
is a very low cost method which is not available in the market. The main advantage of this 
electrode is the very low resistance which exists for a longer period 

8.2 Other Backfilling material 

In addition to above there are some chemicals in the market to reduce the earth resistivity of the 
soil and they can be used for backfilling as described follows. But it is very expensive. 

8.2.1 Bentonite 
? 

Bentonite is one of chemical which is used for backfilling of earth electrodes. It is a natural 
forming. pale olive brown clay. It can absorb nearly five times its weight of water and in doing 
so. can swell up to thirteen times its dry volume. Its chemical name is sodium montmorillonite. 
\\hen in situ. it can absorb moisture from the surrounding soil and this is the main reason for 
using it., since this property helps stabilize the electrode impedance throughout the year. It has 
Ill\\ resistivity approximately 5 Ohm meters (Refl ), and is non- corrosive. Under extremely dry 
cunditions, the mixture can crack thereby affording little contact to electrode. 

Figure 8.7 

8.2.2 Marconite 
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Bentonite ( 21) 

. \ larconite is one of chemical which is use for reduce the earth resistivity of the soil. By adding 
1\ lctrconite in place of sand and aggregate, to cement, a conductive concrete is formed. This 
ckctrically conductive concrete is very good for use as a backfilling material for earth 
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eh trodcs. When used as a backfill for earth electrodes, Marconite impregnated concrete greatly 
incrL'ases the electrodes surface area thus lowering its resistance to earth. 

1vt11nmite contains a crystalline form of carbon and the overall material has a low sulphur and 
chl(lride content. It has been observed that some corrosion of ferrous metal and copper occure 
\\hi ]c;t the Marconite is in slurry form, but it is suggested that a thin protective layer forms. When 
thL' L·nncrete has set, corrosion is said to cease. Metal should ideally be painted with bitumen or a 
bitumatic paint as it enters the Marconite structure to prevent corrosion at this point. Aluminium. 
tin l'Oated or galvanized steel should not be installed in Marconite. 

N\\rmally Marconite is considered as having a resistivity of 2 Om. When it is mixed with 
Clli1LTcte. its resistivity can fall to as low as 0.1 Ohm- meter (Ref'l ). It will retain its moisture 
l'\ c11 under quite dry conditions, so has been used in the hotter climates. 

:tvL11conite is good backfilling material for earth electrodes which are in rocks. I Ience we can 
reduce the resistance of earth electrode by increasing the volume of Marconite. 
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Figure 8.8Earth electrode in a rock [21] Figure 8.9 Marconite [21] 
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