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Abstract

The grounding systems provide a low resistance path for fault or normal currents into the earth. The
material for reducing ground resistance is buried around the grounding electrode to increase its effective size of
the electrode and thus to obtain low ground resistance. Increasing the contacting area with the grounding
electrode is effective for lowering the ground resistance in soils. Using this idea the conductive expansion
ground resistance reducing material was developed. In this paper experimental data has shown that the ground
resistance reduction method using proposed matenial is superior to using a typically available commercial
ground resistance reducing material.
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Fig. 1. Manufactured samples

™ el Fee

OBl 2 AIEE AE &
Fig. 2. Test cases of samples
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Table 1. Volume variation of samples due to the
time trends(Group A)

4% Group A

73;} A-1 Type A-2 Type A-3 Type

() AR (Wt AA (wzkg] A azg
(ImiD)] (%D | (ImID| (%D [([mlD| ([96])

1 605 0| 605 0| 609 0
2 500 | -25 | 566 | -6.8 | 590 | -3.3
3 508 | -19.0 | 498 |-21.4 | 508 | -20.0
4 580 | -42 | 580 | -42 | 590 | -33
5 532 |-136 | 532 |-136 | 556 | -96
6 484 |1 -250 | 484 | -25.0 | 498 | -22.3
7 605 0} 605 0| 580 | -50
14 | 566 | -68 | 566 | -68 | 576 | -59
21 | 580 f -42 | 580 | -42 | 556 | -96
28 | 508 | -19.0 | 517 |-168 | 517 | -178
36 | 508 {-19.0 | 484 | -250 | 469 | -299
65 | 499 |-21.2 | 484 |-250 | 478 | -274
146 | 493 | -225 | 484 |-25.0 | 487 {-250
184 | 489 | -237 | 484 | -25.0 | 497 | -225
221 | 484 |-250 | 484 | -25.0 | 508 | -20.0
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Fig. 4. Volume variation due to the time
trends(Group A)

oY . MMHYR=2N M2 282, 20083 22

e EREE R X

AY ATE(YR HA A AHY wskE
AT HA A 21G7A Fu ] i} ST vHE
Hozt A 21Y9FE AF 219704 F97F A
e 2 gk A4 ATE ik HAAARA S A
AWshe AE 21do] -59(%], AE 2214
-233[%)2 AFo| WIS & F AUtk

® 2. XA mE AME JEe HEBIE)
Table 2. Volume variation of samples due to the
time trends(Group B)

A% Group B

734; B-1 Type | B-2 Type | B-3 Type
(a) A | Agg| AA [HeE| A |wse
(ImiD| (%)) [AmlD) | ([%6]) |((miD)| (%]
1 | 624 0| 624 0| 6209 0
2 | 576 | 84| 586 | 66 | 580 | -83
3 | 50 | -75| 605 | -32 | 5% | -66
4 | 677| 791 692| 98| 76| 110
5

6

7

580 | -75 | 580 | -75 | 605 | -4.0
677 79 | 701 | 11.0 | 701 | 103
716 | 128 | 740 | 1567 | 725 | 133
14 | 725 | 140 | 745 | 162 | 759 | 172
21 | 764 | 184 | 774 | 194 | 798 | 21.2
28 | 677 79 ( 701 | 11.0 | 701 | 103
36 | 677 79 | 725 | 140 | 701 | 103
65 | 689 94 | 725 | 140 | 714 | 119
146 | 701 | 110 | 725 | 140 | 727 | 135
184 ) 713 } 125 | 725 | 140 ) 741 | 151
221 | 725 | 140 | 725 | 140 | 754 | 167
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Fig. 5. Volume variation due to the time
trends(Group B)



EEHY Y MY MYy MY 2o

A Bag(=44 B3 HAAZR S Ao ¢
3E Ay AY e uwet FArt Fkske
FAE Bolx k. 44 BaF =44 B3 A
AR AEshe A% 2199 19.70%], A% 221
Aol 149(%)2 o] W57t A& APH] AH
Boh 100%]01% $7H8ES ¢ 5 Utk

AldHe A 221733 F9] Wshs a9 69 9
Bt ARG e $97F B RS &
a3, 39 79 =AY JAADA HS

Ague} 27t BPARLE ¥ 5 Ak

38 6. M 221% AIg® AOE
Fig. 6. Group A samples with the lapse of 221
days
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Fig. 7. Group B samples with the lapse of 221
days
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Fig. 9. Putting a ground rod
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Fig. 10. Filling the holes with the reducing
materials
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Fig. 11. Ground system configuration
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Fig. 12. Group A ground system
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Fig. 13. Group B ground system
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Fig. 14. Method for measuring soil resistivity
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Table 3. Measured soil resistivity

Ha
[n]
ELRLE
1]
A

[ém)

08 | 1157) 863 | 636 | 086 | 516 | 409 | 4 | 371 [ 3E | 24

106 | 1453 | 1626 | 1670 ¢ IT07 | 1944 1 2018 | 2236 | 2007 | 22L1 | 280
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Fig. 15. Method for measuring the ground
resistance
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Table 4. Ground resistance variation due to the
time trends(Group A)

Group A

A
A% A-1 type A-2 type A-3 type
(‘;E]) A (AR "R (AR g| " |[Ane

A& | d%D | A% | (%D | A3 | (%)
1 | 586 0| 555 0 | 443 0
2 | 563 -41 |52 ] -05 ] 386 |-148
3 | 554 | 58543} -22 (371 |-194
4 | 5556 | 56|55 | -1.8 375 |-181
5
6
7

555 | -b6 | 547 | -15 | 370 | -197
559 | -48 | 554 | -0.2 | 37.3 | -188
565 | -37 | 562 12 1375 | -181
14 | 4677 | -255 | 46.3 [ -199 | 337 | -315
21 | 488 | -20.1 | 484 |-147 | 350 | -266
28 | 454 [-29.1 | 448 | -239 | 29.8 | -487
36 | 457 | -28.2 | 45.0 | -23.3 | 32.0 | -384
65 | 394 |-487 | 41.7 | -331 | 30.7 | -44.3
146 | 346 | -694 | 35.7 | -555 | 26.8 | -65.3
184 | 415 | -412 | 41.8 | -328 | 30.7 | -44.3
221 | 470 | -247 | 480 | -156 | 346 | -280
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Fig. 16. Ground resistance variation due to the
time trends(Group A)
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Table 5. Ground resistance variation due to the
time trends(Group B)

Group B
A #
A% B-1 type B-2 type B-3 type
(o%) A | AZE| A | AE HA | ARE

A | (%D | A7 | (%D | Ad | (%D

1 439 0] 479 0] 5.9 0
2 430] -21] 478| -02| 530| -55
3 439 0] 482 06| 506 | -105
4 445 13| 491 24| 501 -116
5
6
7

429 -23| 484 10| 501} -116
421 -43] 478 -02] 503 | -11.1
410 -71] 474 -11]| 504 -109
14 | 303 ] -449| 31.1| -54.0| 39.8] -405
21 | 315| -394 | 316| -b1.6 | 40.7| -37.3
28 | 290 514 278 | -723] 31| -59.3
36 | 296] -483| 289 -65.7| 36.8| -51.9
65 | 272 | 614 262 | -828| 340 | -644
146 | 233 | -884 ] 246 | -947| 240 [-1329
184 | 285 -54.0| 295 624 | 292| ~914
221 | 333 | -31.8] 347 -380| 338 | -654
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Fig. 17. Ground resistance variation due to the
time trends(Group B)
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