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Corrosion
• Galvanic corrosion is an electrochemical process 

whereby one metal corrodes preferentially to 
another whenever both metals are put in 
electrical contact and immersed in an electrolyte. 

• What is surprising to some is that soil or air can 
act as an electrolyte.



Grounding -Corrosion Overview
• Above grade corrosion takes place mainly through 

galvanic action when two metals are exposed to an 
electrolyte

• Below grade connections are subject to galvanic 
corrosion and acidic corrosion depends on soil pH.

• Fence posts, gates, mesh and barbed wire often 
require bonding to the ground system. Connecting 
to structural steel has similar requirements to 
those described for pipe including unique 
configuration, potential for corrosion, and 
structural dependence.



Underground

Copper and galvanized steel are more susceptible to corrosion 
where the pH of the soil exceeds 8. Soil analysis at this site (a dairy 
pasture) indicated a large concentration of organic acids. Stainless 
steel ground rods were recommended, along with tinned 250 kcmil 
copper conductors. They were connected with a bronze fitting listed 
for that purpose, and coated with zinc-rich protective paint.

Bare copper can be directly attached to rebar for concrete 
encasement. Note that exothermic welding was utilized for this 
purpose. The concrete that will surround the rebar will act as a 
buffer, helping to prevent galvanic action from the soil. (“Steel 
rebar embedded in concrete has approximately the same 
potential as copper, thus will not corrode” – IEEE Std. 142-1991)



Above ground

Tinned 4/0 copper conductor attached to a galvanized steel 
flange of a support column. Note the high pressure 
compression fitting and protective paint

Outdoor air can act as an electrolyte because it 
contains a variety of components which can 
cause corrosion of any metal. Varying moisture 
levels, salt and other contaminants are just a 
few. In overhead, outdoor construction, copper 
runoff can cause staining of pavement materials. 
It’s one reason why older overhead telephone 
wiring (before plastic coverings) was usually 
tinned. In addition, copper runoff can be very 
corrosive to galvanized steel support structures, 
even when not in direct contact. In such cases, 
tinning of the conductors is recommended to 
prevent such conditions.



Effect of Galvanic Corrosion

Example for which metal will corrode in contact 
with another dissimilar metallic material. Tin 
plating mitigates corrosion between galvanized 
steel and copper. Connecting bare copper to 
galvanized steel is not recommended for any 
environment.



Galvanic compatibility
For harsh environments, such as outdoors, high 
humidity, and salt environments fall into this 
category. Typically there should be not more than 
0.15 V difference in the "Anodic Index". For example; 
gold - silver would have a difference of 0.15V being 
acceptable.
For normal environments, such as storage in 
warehouses or non-temperature and humidity 
controlled environments. Typically there should not 
be more than 0.25 V difference in the "Anodic 
Index".
For controlled environments, such that are 
temperature and humidity controlled, 0.50 V can be 
tolerated. Caution should be maintained when 
deciding for this application as humidity and 
temperature do vary from regions.

This serves as a basic qualitative guide only.

Metallurgy Index (V)

Gold, solid and plated, Gold-platinum alloy 0.00
Rhodium plated on silver-plated copper 0.05

Silver, solid or plated; monel metal. High nickel-copper alloys 0.15

Nickel, solid or plated, titanium an s alloys, Monel 0.30

Copper, solid or plated; low brasses or bronzes; silver solder; German silvery high copper-
nickel alloys; nickel-chromium alloys 0.35

Brass and bronzes 0.40
High brasses and bronzes 0.45
18% chromium type corrosion-resistant steels 0.50

Chromium plated; tin plated; 12% chromium type corrosion-resistant steels 0.60

Tin-plate; tin-lead solder 0.65
Lead, solid or plated; high lead alloys 0.70
Aluminum, wrought alloys of the 2000 Series 0.75

Iron, wrought, gray or malleable, plain carbon and low alloy steels 0.85

Aluminum, wrought alloys other than 2000 Series aluminum, cast alloys of the silicon 
type 0.90

Aluminum, cast alloys other than silicon type, cadmium, plated and chromate 0.95

Hot-dip-zinc plate; galvanized steel 1.20

Zinc, wrought; zinc-base die-casting alloys; zinc plated 1.25

http://www.corrosion-doctors.org/Definitions/Galvanizing.htm


Experimental data: ASTM B117 -Salt Spray (Fog) 
exposure Samples after 1008 hours 

Sample # Catalog # Plating Type Material to Test Installation

1 YGHA26-2NTN Tin Compression Steel No Penetrox

2 YGHA26-2NTN Tin Compression Copper No Penetrox

3 YGHA26-2N Non-Plated Compression Steel No Penetrox

4 YGHA26-2N Non-Plated Compression Copper No Penetrox

5 BCS-3 Non-Plated Exothermic Copper to Steel plate No Penetrox

6 BCS-3 Non-Plated Exothermic Copper Clad to Steel plate No Penetrox

7 GAR6426 Non-Plated Mechanical Steel No Penetrox

8 GAR6426TN Tin Mechanical Steel No Penetrox

11 GAR6426TN Tin Mechanical Copper Ground rod No Penetrox

12 GAR6426 Non-Plated Mechanical Copper Ground rod No Penetrox

13 GAR6426 Non-Plated Mechanical Steel  rod With Penetrox

14 GAR6426 Non-Plated Mechanical Copper rod With Penetrox

15 YGHA26-2NTN Tin Plated Use w/WEEB-2N Powder coated Steel Plate No Penetrox

16 YGHA26-2NTN Tin Plated Use w/WEEB-2N Powder coated Steel Plate With Penetrox

17 YGHA26-2NTN Tin Plated Compression Steel Plate With Penetrox

18 YGHA26-2NTN Tin Plated Compression Copper Plate With Penetrox

Yellow- Highest resistance increase
Green – lowest resistance increase
Blue – Resistance fluctuating at 168 hours and 336 hours



Salt spray corrosion stages 

Video

https://burndy.wistia.com/medias/loglgpyehv


Resistance Measurements and Equipment

MANUFACTURER MODEL DESCRIPTION SERIAL # RANGE CAL DATE DUE DATE

AGILENT U1252B DMM
MY541302
43 AUTO 11/28/18 11/28/19 

ASCOTT
1000L1
P

Salt Fog 
Chamber 2021 20°C to 40°C 05/03/18 05/03/19 

SORENSEN
DCS8-
125 POWER SUPPLY 9308124

0-125 DC 
AMPS 05/04/18 05/04/19 



Resistance data for connections without Penetrox™
Sample Connector Conductor Actual Cor to 21°C Actual Cor to 21°C % RR Actual Cor to 20°C % RR Actual Cor to 20°C % RR Actual Cor to 20°C % RR Actual Cor to 20°C % RR Actual Cor to 20°C % RR

1 YGHA262NTN Steel Plate 72.9 72.6 85.8 85.5 117.7% 89.2 88.5 121.9% 95.8 95.8 131.9% 99.6 98.4 135.5% 108.7 107.8 148.5% 94.1 93.3 128.6%
2 YGHA262NTN Copper Plate 10.1 10.1 20.5 20.4 203.0% 25.8 25.6 254.4% 27.5 27.5 273.4% 31.5 31.1 309.4% 42.6 42.3 420.1% 28.3 28.1 279.1%
3 YGHA262N Steel Plate 101.9 101.5 109.5 109.1 107.5% 117.9 117.0 115.2% 125.2 125.2 123.4% 137.4 135.8 133.8% 155.4 154.2 151.9% 126.4 125.4 123.5%
4 YGHA262N Copper Plate 25.9 25.8 28.5 28.4 110.0% 28.9 28.7 111.1% 36.6 36.6 141.9% 39.1 38.6 149.8% 42.1 41.8 161.9% 38.7 38.4 148.8%
5 BCS-3 2/0 AWG 22.8 22.7 27.7 27.6 121.5% 35.9 35.6 156.8% 38.9 38.9 171.3% 41.6 41.1 181.0% 48.8 48.4 213.2% 45.2 44.8 197.4%
6 BCS-3 7 NO. 7 17.1 17.0 35.5 35.4 207.6% 42.1 41.8 245.2% 30.2 30.2 177.3% 31.8 31.4 184.5% 44.3 43.9 258.0% 45.8 45.4 266.8%
7 GAR6426 Steel Pipe 37.2 37.1 42.0 41.8 112.9% 48.3 47.9 129.3% 38.5 38.5 103.9% 44.7 44.2 119.2% 51.5 51.1 137.9% 50.8 50.4 136.0%
8 GAR6426TN Steel Pipe 36.8 36.7 40 39.8 108.7% 44.6 44.2 120.7% 34.9 34.9 95.2% 38.3 37.8 103.2% 44.6 44.2 120.7% 45.7 45.3 123.7%
9 KC26 Galv. Steel 49.2 49.0 43.8 43.6 89.0% 73.2 72.6 148.2% 124.6 124.6 254.3% 155.2 153.3 312.9% 161.7 160.4 327.3% 165.2 163.9 334.4%
10 KC26 Steel 62.1 61.9 54.4 54.2 87.6% 102.9 102.1 165.0% 78.4 78.4 126.8% 88.7 87.6 141.7% 92.7 92.0 148.7% 92.4 91.7 148.2%
11 GAR6426TN Ground Rod 23.4 23.3 27.4 27.3 117.1% 32.1 31.8 136.6% 34.1 34.1 146.3% 38.5 38.0 163.2% 45.1 44.7 192.0% 48.5 48.1 206.4%
12 GAR6426 Ground Rod 38.8 38.6 41.4 41.2 106.7% 45.4 45.0 116.5% 38.6 38.6 99.9% 44.9 44.4 114.8% 48.7 48.3 125.0% 49.9 49.5 128.1%

13
 Sample 13 YGHA26-

2NTN, w/WEEB
Powder coated 
steel plate 533.1 579.5 451.7 404.5 69.8% 466.7 426.4 73.6% 486.8 402.2 69.4% 498.4 351.4 60.6% 506.8 330.5 57.0% 536.7 343.7 59.3%

Initial Reading 
 Before Test (21°C)

Reading 1 Reading 4
672 Hours (23°C)168 Hours (21°C)

Reading 6
1008 Hours (22°C)

Reading 2
336 Hours (22°C)

Reading 3
504 Hours (20°C)

Reading 5
840 Hours (22°C)


White Paper Samples

		Due to the disimilar materials Relative Reistance (RR) was based on the initial readings.

		All Readings are in Micro-Ohms and Corrected to 20°C

										Initial Reading 				Reading 1						Reading 2						Reading 3						Reading 4						Reading 5						Reading 6

										 Before Test (21°C)				168 Hours (21°C)						336 Hours (22°C)						504 Hours (20°C)						672 Hours (23°C)						840 Hours (22°C)						1008 Hours (22°C)

		Sample		Connector				Conductor		Actual		Cor to 21°C		Actual		Cor to 21°C		% RR		Actual		Cor to 20°C		% RR		Actual		Cor to 20°C		% RR		Actual		Cor to 20°C		% RR		Actual		Cor to 20°C		% RR		Actual		Cor to 20°C		% RR

		1		YGHA262NTN				Steel Plate		72.9		72.6		85.8		85.5		117.7%		89.2		88.5		121.9%		95.8		95.8		131.9%		99.6		98.4		135.5%		108.7		107.8		148.5%		94.1		93.3		128.6%

		2		YGHA262NTN				Copper Plate		10.1		10.1		20.5		20.4		203.0%		25.8		25.6		254.4%		27.5		27.5		273.4%		31.5		31.1		309.4%		42.6		42.3		420.1%		28.3		28.1		279.1%

		3		YGHA262N				Steel Plate		101.9		101.5		109.5		109.1		107.5%		117.9		117.0		115.2%		125.2		125.2		123.4%		137.4		135.8		133.8%		155.4		154.2		151.9%		126.4		125.4		123.5%

		4		YGHA262N				Copper Plate		25.9		25.8		28.5		28.4		110.0%		28.9		28.7		111.1%		36.6		36.6		141.9%		39.1		38.6		149.8%		42.1		41.8		161.9%		38.7		38.4		148.8%

		5		BCS-3				2/0 AWG		22.8		22.7		27.7		27.6		121.5%		35.9		35.6		156.8%		38.9		38.9		171.3%		41.6		41.1		181.0%		48.8		48.4		213.2%		45.2		44.8		197.4%

		6		BCS-3				7 NO. 7		17.1		17.0		35.5		35.4		207.6%		42.1		41.8		245.2%		30.2		30.2		177.3%		31.8		31.4		184.5%		44.3		43.9		258.0%		45.8		45.4		266.8%

		7		GAR6426				Steel Pipe		37.2		37.1		42.0		41.8		112.9%		48.3		47.9		129.3%		38.5		38.5		103.9%		44.7		44.2		119.2%		51.5		51.1		137.9%		50.8		50.4		136.0%

		8		GAR6426TN				Steel Pipe		36.8		36.7		40		39.8		108.7%		44.6		44.2		120.7%		34.9		34.9		95.2%		38.3		37.8		103.2%		44.6		44.2		120.7%		45.7		45.3		123.7%

		9		KC26				Galv. Steel		49.2		49.0		43.8		43.6		89.0%		73.2		72.6		148.2%		124.6		124.6		254.3%		155.2		153.3		312.9%		161.7		160.4		327.3%		165.2		163.9		334.4%

		10		KC26				Steel		62.1		61.9		54.4		54.2		87.6%		102.9		102.1		165.0%		78.4		78.4		126.8%		88.7		87.6		141.7%		92.7		92.0		148.7%		92.4		91.7		148.2%

		11		GAR6426TN				Ground Rod		23.4		23.3		27.4		27.3		117.1%		32.1		31.8		136.6%		34.1		34.1		146.3%		38.5		38.0		163.2%		45.1		44.7		192.0%		48.5		48.1		206.4%

		12		GAR6426				Ground Rod		38.8		38.6		41.4		41.2		106.7%		45.4		45.0		116.5%		38.6		38.6		99.9%		44.9		44.4		114.8%		48.7		48.3		125.0%		49.9		49.5		128.1%

		13		 Sample 13 YGHA26-2NTN, w/WEEB				Powder coated steel plate		533.1		579.5		451.7		404.5		69.8%		466.7		426.4		73.6%		486.8		402.2		69.4%		498.4		351.4		60.6%		506.8		330.5		57.0%		536.7		343.7		59.3%



						Reading 1		Reading 2		Reading 3		Reading 4		Reading 5		Reading 6

		Sample 1		YGHA262NTN		117.7%		121.9%		131.9%		135.5%		148.5%		128.6%

		Sample 2		YGHA262NTN		203.0%		254.4%		273.4%		309.4%		420.1%		279.1%

		Sample 3		YGHA262N		107.5%		115.2%		123.4%		133.8%		151.9%		123.5%

		Sample 4		YGHA262N		110.0%		111.1%		141.9%		149.8%		161.9%		148.8%

		Sample 5		BCS-3		121.5%		156.8%		171.3%		181.0%		213.2%		197.4%

		Sample 6		BCS-3		207.6%		245.2%		177.3%		184.5%		258.0%		266.8%

		Sample 7		GAR6426		112.9%		129.3%		103.9%		119.2%		137.9%		136.0%

		Sample 8		GAR6426TN		108.7%		120.7%		95.2%		103.2%		120.7%		123.7%

		Sample 9		KC26		89.0%		148.2%		254.3%		312.9%		327.3%		334.4%

		Sample 10		KC26		87.6%		165.0%		126.8%		141.7%		148.7%		148.2%

		Sample 11		GAR6426TN		117.1%		136.6%		146.3%		163.2%		192.0%		206.4%

		Sample 12		GAR6426		106.7%		116.5%		99.9%		114.8%		125.0%		128.1%

				 Sample 13 YGHA26-2NTN, w/WEEB		69.8%		73.6%		69.4%		60.6%		57.0%		59.3%



Connector Resistance



YGHA262NTN	72.608400000000003	85.456800000000001	88.486400000000003	95.8	98.404799999999994	107.8304	93.347199999999987	YGHA262NTN	10.0596	20.417999999999999	25.593600000000002	27.5	31.122	42.2592	28.073599999999999	YGHA262N	101.4924	109.062	116.9568	125.2	135.75120000000001	154.1568	125.3888	YGHA262N	25.796399999999998	28.385999999999999	28.668799999999997	36.6	38.630800000000001	41.763199999999998	38.3904	BCS-3	22.7088	27.589199999999998	35.6128	38.9	41.1008	48.409599999999998	44.8384	BCS-3	17.031600000000001	35.357999999999997	41.763199999999998	30.2	31.418400000000002	43.945599999999999	45.433599999999998	GAR6426	37.051200000000001	41.832000000000001	47.913599999999995	38.5	44.163600000000002	51.088000000000001	50.393599999999999	GAR6426TN	36.652799999999999	39.840000000000003	44.243200000000002	34.9	37.840399999999995	44.243200000000002	45.334400000000002	GAR6426TN	23.3064	27.290399999999998	31.8432	34.1	38.037999999999997	44.739200000000004	48.112000000000002	GAR6426	38.644799999999996	41.234400000000001	45.036799999999999	38.6	44.361199999999997	48.310400000000001	49.500799999999998	 Sample 13 YGHA26-2NTN, w/WEEB	579.45652173913038	404.45916905444125	426.4050626989951	402.16195924582576	351.38183869148332	330.51806032072	343.68032901099986	49.0032	43.6248	72.614400000000003	124.6	153.33759999999998	160.40639999999999	163.8784	61.851599999999998	54.182400000000001	102.07680000000001	78.400000000000006	87.635599999999997	91.958399999999997	91.660800000000009	







% RR



Sample 1	YGHA262NTN	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.2186799323494251	1.3194065700387283	1.3552812071330589	1.4850953884123599	1.2856253546421623	Sample 2	YGHA262NTN	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	2.5441965883335325	2.7337071056503244	3.0937611833472505	4.200882738876297	2.7907272654976341	Sample 3	YGHA262N	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.1523700296770989	1.233589904268694	1.3375503978623031	1.5188999373352092	1.235450142079604	Sample 4	YGHA262N	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.111348870385015	1.4188026236219009	1.4975267866834132	1.6189545828100045	1.4882076568823557	Sample 5	BCS-3	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.5682378637356442	1.7129923201578241	1.8099062918340028	2.131755090537589	1.9744944691044881	Sample 6	BCS-3	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	2.4521008008642755	1.7731745696235233	1.8447121820615797	2.5802390849949504	2.6676060969022286	Sample 7	GAR6426	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.2931726907630521	1.0391026471477307	1.1919613939629485	1.3788487282463187	1.3601070950468541	Sample 8	GAR6426TN	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.207089226471102	0.95217827833071411	1.0324013445084685	1.207089226471102	1.2368604854199408	Sample 11	GAR6426TN	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.366285655442282	1.4631174269728486	1.6320838911200355	1.9196100641883775	2.06432567878351	Sample 12	GAR6426	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.1654038835755394	0.99884072371962085	1.1479215832401772	1.2501138574918231	1.2809174843704716	 Sample 13 YGHA26-2NTN, w/WEEB	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	0.73587067657676897	0.69403301914492543	0.60639897129274933	0.57039320107871394	0.59310805231686348	Sample 9	KC26	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.4818297580566169	2.5426910895614978	3.1291344238743588	3.273386227838182	3.3442387435922551	Sample 10	KC26	Reading 2	Reading 3	Reading 4	Reading 5	Reading 6	1.6503501930427025	1.267550071461369	1.4168687632979584	1.4867586287177696	1.4819471121199776	









Individual Stability Graphs

						Initial		Reading 1 168 Hours		Reading 2 336 Hours		Reading 3 504 Hours		Reading 4 672 Hours		Reading 5 840 Hours		Reading 6 1008 Hours

		Sample 1		YGHA262NTN		72.6084		85.4568		88.4864		95.8		98.4048		107.8304		93.3472

		Sample 2		YGHA262NTN		10.0596		20.418		25.5936		27.5		31.122		42.2592		28.0736

		Sample 3		YGHA262N		101.4924		109.062		116.9568		125.2		135.7512		154.1568		125.3888

		Sample 4		YGHA262N		25.7964		28.386		28.6688		36.6		38.6308		41.7632		38.3904

		Sample 5		BCS-3		22.7088		27.5892		35.6128		38.9		41.1008		48.4096		44.8384

		Sample 6		BCS-3		17.0316		35.358		41.7632		30.2		31.4184		43.9456		45.4336

		Sample 7		GAR6426		37.0512		41.832		47.9136		38.5		44.1636		51.088		50.3936

		Sample 8		GAR6426TN		36.6528		39.84		44.2432		34.9		37.8404		44.2432		45.3344

		Sample 9		KC26		49.0032		43.6248		72.6144		124.6		153.3376		160.4064		163.8784

		Sample 10		KC26		61.8516		54.1824		102.0768		78.4		87.6356		91.9584		91.6608

		Sample 11		GAR6426TN		23.3064		27.2904		31.8432		34.1		38.038		44.7392		48.112

		Sample 12		GAR6426		38.6448		41.2344		45.0368		38.6		44.3612		48.3104		49.5008

				 Sample 13 YGHA26-2NTN, w/WEEB		579.4565217391		404.4591690544		426.405062699		402.1619592458		351.3818386915		330.5180603207		343.680329011

				Sample 1		Initial		72.6084								Micro Ohms Corrected to 20°C

				YGHA262NTN		Reading 1 168 Hours		85.4568		85.39884		104.37636				Resistance Readings

						Reading 2 336 Hours		88.4864		85.39884		104.37636				+/- 10% of Average Resistance Readings

						Reading 3 504 Hours		95.8		85.39884		104.37636

						Reading 4 672 Hours		98.4048		85.39884		104.37636

						Reading 5 840 Hours		107.8304		85.39884		104.37636

						Reading 6 1008 Hours		93.3472		85.39884		104.37636

								94.8876

				Sample 2		Initial		10.0596

				YGHA262NTN		Reading 1 168 Hours		20.418		26.24496		32.0771733333

						Reading 2 336 Hours		25.5936		26.24496		32.0771733333

						Reading 3 504 Hours		27.5		26.24496		32.0771733333

						Reading 4 672 Hours		31.122		26.24496		32.0771733333

						Reading 5 840 Hours		42.2592		26.24496		32.0771733333

						Reading 6 1008 Hours		28.0736		26.24496		32.0771733333

								29.1610666667

				Sample 3		Initial		101.4924

				YGHA262N		Reading 1 168 Hours		109.062		114.97734		140.52786

						Reading 2 336 Hours		116.9568		114.97734		140.52786

						Reading 3 504 Hours		125.2		114.97734		140.52786

						Reading 4 672 Hours		135.7512		114.97734		140.52786

						Reading 5 840 Hours		154.1568		114.97734		140.52786

						Reading 6 1008 Hours		125.3888		114.97734		140.52786

								127.7526

				Sample 4		Initial		25.7964

				YGHA262N		Reading 1 168 Hours		28.386		31.86588		38.9471866667

						Reading 2 336 Hours		28.6688		31.86588		38.9471866667

						Reading 3 504 Hours		36.6		31.86588		38.9471866667

						Reading 4 672 Hours		38.6308		31.86588		38.9471866667

						Reading 5 840 Hours		41.7632		31.86588		38.9471866667

						Reading 6 1008 Hours		38.3904		31.86588		38.9471866667

								35.4065333333

				Sample 5		Initial		22.7088

				BCS-3		Reading 1 168 Hours		27.5892		35.46762		43.3493133333

						Reading 2 336 Hours		35.6128		35.46762		43.3493133333

						Reading 3 504 Hours		38.9		35.46762		43.3493133333

						Reading 4 672 Hours		41.1008		35.46762		43.3493133333

						Reading 5 840 Hours		48.4096		35.46762		43.3493133333

						Reading 6 1008 Hours		44.8384		35.46762		43.3493133333

								39.4084666667

				Sample 6		Initial		17.0316

				BCS-3		Reading 1 168 Hours		35.358		34.21782		41.82178

						Reading 2 336 Hours		41.7632		34.21782		41.82178

						Reading 3 504 Hours		30.2		34.21782		41.82178

						Reading 4 672 Hours		31.4184		34.21782		41.82178

						Reading 5 840 Hours		43.9456		34.21782		41.82178

						Reading 6 1008 Hours		45.4336		34.21782		41.82178

								38.0198

				Sample 7		Initial		37.0512

				GAR6426		Reading 1 168 Hours		41.832		41.08362		50.2133133333

						Reading 2 336 Hours		47.9136		41.08362		50.2133133333

						Reading 3 504 Hours		38.5		41.08362		50.2133133333

						Reading 4 672 Hours		44.1636		41.08362		50.2133133333

						Reading 5 840 Hours		51.088		41.08362		50.2133133333

						Reading 6 1008 Hours		50.3936		41.08362		50.2133133333

								45.6484666667

				Sample 8		Initial		36.6528

				GAR6426TN		Reading 1 168 Hours		39.84		36.96018		45.1735533333

						Reading 2 336 Hours		44.2432		36.96018		45.1735533333

						Reading 3 504 Hours		34.9		36.96018		45.1735533333

						Reading 4 672 Hours		37.8404		36.96018		45.1735533333

						Reading 5 840 Hours		44.2432		36.96018		45.1735533333

						Reading 6 1008 Hours		45.3344		36.96018		45.1735533333

								41.0668666667

				Sample 9		Initial		49.0032

				KC26		Reading 1 168 Hours		43.6248		107.76924		131.71796

						Reading 2 336 Hours		72.6144		107.76924		131.71796

						Reading 3 504 Hours		124.6		107.76924		131.71796

						Reading 4 672 Hours		153.3376		107.76924		131.71796

						Reading 5 840 Hours		160.4064		107.76924		131.71796

						Reading 6 1008 Hours		163.8784		107.76924		131.71796

								119.7436

				Sample 10		Initial		61.8516		82.49472		100.82688

				KC26		Reading 1 168 Hours		54.1824		90.14322		99.63198

						Reading 2 336 Hours		102.0768		90.14322		99.63198

						Reading 3 504 Hours		78.4		90.14322		99.63198

						Reading 4 672 Hours		87.6356		90.14322		99.63198

						Reading 5 840 Hours		91.9584		90.14322		99.63198

						Reading 6 1008 Hours		91.6608		90.14322		99.63198

								84.319

				Sample 11		Initial		23.3064

				GAR6426TN		Reading 1 168 Hours		27.2904		33.61842		41.08918

						Reading 2 336 Hours		31.8432		33.61842		41.08918

						Reading 3 504 Hours		34.1		33.61842		41.08918

						Reading 4 672 Hours		38.038		33.61842		41.08918

						Reading 5 840 Hours		44.7392		33.61842		41.08918

						Reading 6 1008 Hours		48.112		33.61842		41.08918

								37.3538

				Sample 12		Initial		38.6448

				GAR6426		Reading 1 168 Hours		41.2344		40.05654		48.9579933333

						Reading 2 336 Hours		45.0368		40.05654		48.9579933333

						Reading 3 504 Hours		38.6		40.05654		48.9579933333

						Reading 4 672 Hours		44.3612		40.05654		48.9579933333

						Reading 5 840 Hours		48.3104		40.05654		48.9579933333

						Reading 6 1008 Hours		49.5008		40.05654		48.9579933333

								44.5072666667



Sample 1 (YGHA262NTN)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	85.456800000000001	88.486400000000003	95.8	98.404799999999994	107.8304	93.347199999999987	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	85.398840000000007	85.398840000000007	85.398840000000007	85.398840000000007	85.398840000000007	85.398840000000007	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	104.37636000000002	104.37636000000002	104.37636000000002	104.37636000000002	104.37636000000002	104.37636000000002	

Micro Ohms Corrected to 20°C









Sample 10 (KC26)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	54.182400000000001	102.07680000000001	78.400000000000006	87.635599999999997	91.958399999999997	91.660800000000009	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	90.143219999999999	90.143219999999999	90.143219999999999	90.143219999999999	90.143219999999999	90.143219999999999	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	99.631980000000013	99.631980000000013	99.631980000000013	99.631980000000013	99.631980000000013	99.631980000000013	

Micro Ohms Corrected to 20°C









Sample 11 GAR6426TN



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	27.290399999999998	31.8432	34.1	38.037999999999997	44.739200000000004	48.112000000000002	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	33.61842	33.61842	33.61842	33.61842	33.61842	33.61842	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	41.089180000000006	41.089180000000006	41.089180000000006	41.089180000000006	41.089180000000006	41.089180000000006	

Micro Ohms Corrected to 20°C









Sample 12 GAR6426



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	41.234400000000001	45.036799999999999	38.6	44.361199999999997	48.310400000000001	49.500799999999998	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	40.056539999999991	40.056539999999991	40.056539999999991	40.056539999999991	40.056539999999991	40.056539999999991	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	48.957993333333327	48.957993333333327	48.957993333333327	48.957993333333327	48.957993333333327	48.957993333333327	

Micro Ohms Corrected to 20°C









Sample 2 (YGHA262NTN)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	20.417999999999999	25.593600000000002	27.5	31.122	42.2592	28.073599999999999	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	26.244959999999999	26.244959999999999	26.244959999999999	26.244959999999999	26.244959999999999	26.244959999999999	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	32.077173333333334	32.077173333333334	32.077173333333334	32.077173333333334	32.077173333333334	32.077173333333334	

Micro Ohms Corrected to 20°C









Sample 3 (1YGHA262N)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	109.062	116.9568	125.2	135.75120000000001	154.1568	125.3888	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	114.97733999999998	114.97733999999998	114.97733999999998	114.97733999999998	114.97733999999998	114.97733999999998	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	140.52786	140.52786	140.52786	140.52786	140.52786	140.52786	

Micro Ohms Corrected to 20°C









Sample (4 YGHA262N)





Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	28.385999999999999	28.668799999999997	36.6	38.630800000000001	41.763199999999998	38.3904	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	31.865879999999997	31.865879999999997	31.865879999999997	31.865879999999997	31.865879999999997	31.865879999999997	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	38.947186666666667	38.947186666666667	38.947186666666667	38.947186666666667	38.947186666666667	38.947186666666667	

Micro Ohms Corrected to 20°C









Sample 5 (BCS-3)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	27.589199999999998	35.6128	38.9	41.1008	48.409599999999998	44.8384	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	35.467619999999997	35.467619999999997	35.467619999999997	35.467619999999997	35.467619999999997	35.467619999999997	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	43.349313333333335	43.349313333333335	43.349313333333335	43.349313333333335	43.349313333333335	43.349313333333335	

Micro Ohms Corrected to 20°C









Sample 6 (BCS-3)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	35.357999999999997	41.763199999999998	30.2	31.418400000000002	43.945599999999999	45.433599999999998	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	34.217820000000003	34.217820000000003	34.217820000000003	34.217820000000003	34.217820000000003	34.217820000000003	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	41.821780000000004	41.821780000000004	41.821780000000004	41.821780000000004	41.821780000000004	41.821780000000004	

Micro Ohms Corrected to 20°C









Sample 7 (GAR6426)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	41.832000000000001	47.913599999999995	38.5	44.163600000000002	51.088000000000001	50.393599999999999	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	41.083620000000003	41.083620000000003	41.083620000000003	41.083620000000003	41.083620000000003	41.083620000000003	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	50.213313333333339	50.213313333333339	50.213313333333339	50.213313333333339	50.213313333333339	50.213313333333339	

Micro Ohms Corrected to 20°C









Sample 8 (GAR6426TN)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	39.840000000000003	44.243200000000002	34.9	37.840399999999995	44.243200000000002	45.334400000000002	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	36.960180000000001	36.960180000000001	36.960180000000001	36.960180000000001	36.960180000000001	36.960180000000001	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	45.173553333333338	45.173553333333338	45.173553333333338	45.173553333333338	45.173553333333338	45.173553333333338	

Micro Ohms Corrected to 20°C









Sample 9 (KC26)



Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	43.6248	72.614400000000003	124.6	153.33759999999998	160.40639999999999	163.8784	+/- 10% of Average Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	107.76923999999998	107.76923999999998	107.76923999999998	107.76923999999998	107.76923999999998	107.76923999999998	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours	Reading 5 840 Hours	Reading 6 1008 Hours	131.71795999999998	131.71795999999998	131.71795999999998	131.71795999999998	131.71795999999998	131.71795999999998	

Micro Ohms Corrected to 20°C













Resistance data for connections with Penetrox™
All Readings are in Micro-Ohms and Corrected to 20°C

Temp (°C) 22 Temp (°C) 20 Temp (°C) 20 Temp (°C) 20 Temp (°C) 19 Temp (°C) 21 Temp (°C) 21
Sample Measured Corrected Measured Corrected % RR Measured Corrected Measured Corrected Measured Corrected Measured Corrected Measured Corrected 

1 (GAR6426) 85.5 84.8 83.2 83.2 98.1% 82.2 82.2 96.9% 83.1 83.1 98.0% 81.9 82.2 96.9% 83.2 82.9 97.7% 83.2 82.9 97.7%
2 (GAR6426) 94.8 94.0 94.7 94.7 100.7% 95.1 95.1 101.1% 95.6 95.6 101.7% 93.6 94.0 99.9% 94.5 94.1 100.1% 95.2 94.8 100.8%

3 (YGHA26-2NTN, w/WEEB) 533.1 528.9 451.7 451.7 85.4% 466.7 466.7 88.2% 486.8 486.8 92.0% 498.4 500.4 94.6% 506.8 504.8 95.4% 536.7 534.6 101.1%
4  (YGHA26-2NTN, w/WEEB) 385.4 382.3 337.2 337.2 88.2% 338.9 338.9 88.6% 344.3 344.3 90.1% 344.7 346.1 90.5% 343.3 341.9 89.4% 354.1 352.7 92.2%

7 (YGHA26-2NTN) 112.9 112.0 111.5 111.5 99.6% 112.4 112.4 100.4% 111.3 111.3 99.4% 109.6 110.0 98.2% 110.7 110.3 98.4% 111.8 111.4 99.4%
8 (YGHA26-2NTN) 84.1 83.4 83.3 83.3 99.8% 82.5 82.5 98.9% 82.1 82.1 98.4% 81.7 82.0 98.3% 82.5 82.2 98.5% 82.9 82.6 99.0%
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Connector Resistance

1 (GAR6426)

2 (GAR6426)

4  (YGHA26-2NTN, w/WEEB)

7 (YGHA26-2NTN)

8 (YGHA26-2NTN)


Test Matrix

		TD003131

		Ulemek

		Resistance Readings

		Sample		Connector		Conductor 1		Conductor 2		Dimensions (in)		Description

		1		GAR6426		2/0AWG 19str Bare Copper		Copper Clad Ground Rod		0.682		Pen E applied to all conductor / connector contact locations

		2		GAR6426				Steel Ground Rod		0.0747		Pen E applied to copper / copper contact areas and Pen A to copper / steel contacte areas

		3		YGHA26-2NTN				Powder Coated Steel Plate		6 x 2.175 x 0.190		no penetrox applied weeb installed

		4		YGHA26-2NTN				Powder Coated Steel Plate		6 x 2.175 x 0.190		Pen A applied to both sides of the weeb

		5		KC26				Galvanized Steel Plate		6 x 1.750 x 0.100		Pen E applied to copper / copper contact areas and Pen A to copper / steel contacte areas

		6		KC26				Steel Plate		6 x 1.750 x 0.310		Pen E applied to copper / copper contact areas and Pen A to copper / steel contacte areas

		7		YGHA26-2NTN				Steel Plate		6 x 1.750 x 0.310		 Pen A applied to copper / steel contacte areas

		8		YGHA26-2NTN				Copper Plate		6 x 1.750 x 0.375		Pen E applied to all conductor / connector contact locations

		12/7/18

		>rene





Resistance Data

		TD003131

		Ulemek

		Resistance Readings

				Due to the disimilar materials Relative Reistance (RR) was based on the initial readings.

				All Readings are in Micro-Ohms and Corrected to 20°C

				Initial Reading				Reading 1 168 Hours						Reading 2 336 Hours						Reading 3 504 Hours						Reading 4 672 Hours 						Reading 5 840 Hours						Reading 6 1008 Hours

				Temp (°C)		22		Temp (°C)		20				Temp (°C)		20				Temp (°C)		20				Temp (°C)		19				Temp (°C)		21				Temp (°C)		21

		Sample		Measured		Corrected 		Measured		Corrected 		% RR		Measured		Corrected 				Measured		Corrected 				Measured		Corrected 				Measured		Corrected 				Measured		Corrected 

		1 (GAR6426)		85.5		84.8		83.2		83.2		98.1%		82.2		82.2		96.9%		83.1		83.1		98.0%		81.9		82.2		96.9%		83.2		82.9		97.7%		83.2		82.9		97.7%

		2 (GAR6426)		94.8		94.0		94.7		94.7		100.7%		95.1		95.1		101.1%		95.6		95.6		101.7%		93.6		94.0		99.9%		94.5		94.1		100.1%		95.2		94.8		100.8%

		3 (YGHA26-2NTN, w/WEEB)		533.1		528.9		451.7		451.7		85.4%		466.7		466.7		88.2%		486.8		486.8		92.0%		498.4		500.4		94.6%		506.8		504.8		95.4%		536.7		534.6		101.1%

		4  (YGHA26-2NTN, w/WEEB)		385.4		382.3		337.2		337.2		88.2%		338.9		338.9		88.6%		344.3		344.3		90.1%		344.7		346.1		90.5%		343.3		341.9		89.4%		354.1		352.7		92.2%

		5 (KC26)		133.9		132.8		132.7		132.7		99.9%		132.8		132.8		100.0%		135.8		135.8		102.2%		137.6		138.2		104.0%		136.4		135.9		102.3%		137.8		137.3		103.3%

		6 (KC26)		107.2		106.3		103.2		103.2		97.0%		102.6		102.6		96.5%		101.8		101.8		95.7%		103.6		104.0		97.8%		103.3		102.9		96.7%		103.6		103.2		97.0%

		7 (YGHA26-2NTN)		112.9		112.0		111.5		111.5		99.6%		112.4		112.4		100.4%		111.3		111.3		99.4%		109.6		110.0		98.2%		110.7		110.3		98.4%		111.8		111.4		99.4%

		8 (YGHA26-2NTN)		84.1		83.4		83.3		83.3		99.8%		82.5		82.5		98.9%		82.1		82.1		98.4%		81.7		82.0		98.3%		82.5		82.2		98.5%		82.9		82.6		99.0%

				1 (GAR6426)		2 (GAR6426)		3 (YGHA26-2NTN, w/WEEB)		4  (YGHA26-2NTN, w/WEEB)		5 (KC26)		6 (KC26)		7 (YGHA26-2NTN)		8 (YGHA26-2NTN)

		Initial Reading		84.8		94.0		528.9		382.3		132.8		106.3		112.0		83.4

		Reading 1 168 Hours		83.2		94.7		451.7		337.2		132.7		103.2		111.5		83.3

		Reading 2 336 Hours		82.2		95.1		466.7		338.9		132.8		102.6		112.4		82.5

		Reading 3 504 Hours		83.1		95.6		486.8		344.3		135.8		101.8		111.3		82.1

		Reading 4 672 Hours 		82.2		94.0		500.4		346.1		138.2		104.0		110.0		82.0

		Reading 5 840 Hours		82.9		94.1		504.8		341.9		135.9		102.9		110.3		82.2

		Reading 6 1008 Hours		82.9		94.8		534.6		352.7		137.3		103.2		111.4		82.6



				1 (GAR6426)		2 (GAR6426)		3 (YGHA26-2NTN, w/WEEB)		4  (YGHA26-2NTN, w/WEEB)		5 (KC26)		6 (KC26)		7 (YGHA26-2NTN)		8 (YGHA26-2NTN)

		Reading 1 168 Hours		98.1%		100.7%		85.4%		88.2%		99.9%		97.0%		99.6%		99.8%

		Reading 2 336 Hours		96.9%		101.1%		88.2%		88.6%		100.0%		96.5%		100.4%		98.9%

		Reading 3 504 Hours		98.0%		101.7%		92.0%		90.1%		102.2%		95.7%		99.4%		98.4%

		Reading 4 672 Hours 		96.9%		99.9%		94.6%		90.5%		104.0%		97.8%		98.2%		98.3%

		Reading 5 840 Hours		97.7%		100.1%		95.4%		89.4%		102.3%		96.7%		98.4%		98.5%

		Reading 6 1008 Hours		97.7%		100.8%		101.1%		92.2%		103.3%		97.0%		99.4%		99.0%



Connector Resistance



1 (GAR6426)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	84.821428571428569	83.2	82.2	83.1	82.228915662650607	82.86852589641434	82.86852589641434	2 (GAR6426)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	94.047619047619051	94.7	95.1	95.6	93.975903614457835	94.123505976095615	94.820717131474112	4  (YGHA26-2NTN, w/WEEB)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	382.34126984126982	337.2	338.9	344.3	346.08433734939757	341.93227091633469	352.68924302788849	7 (YGHA26-2NTN)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	112.00396825396827	111.5	112.4	111.3	110.04016064257029	110.2589641434263	111.35458167330677	8 (YGHA26-2NTN)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	83.432539682539684	83.3	82.5	82.1	82.02811244979921	82.171314741035857	82.56972111553786	3 (YGHA26-2NTN, w/WEEB)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	528.86904761904771	451.7	466.7	486.8	500.40160642570282	504.78087649402391	534.56175298804783	5 (KC26)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	132.8373015873016	132.69999999999999	132.80000000000001	135.80000000000001	138.15261044176708	135.8565737051793	137.25099601593627	6 (KC26)	Initial Reading	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	106.34920634920636	103.2	102.6	101.8	104.01606425702811	102.88844621513944	103.18725099601593	

Micro Ohms Corrected to 20°C









% RR



1 (GAR6426)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.9808842105263158	0.96909473684210534	0.97970526315789475	0.96943563728598614	0.97697630530509538	0.97697630530509538	2 (GAR6426)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	1.0069367088607595	1.0111898734177214	1.016506329113924	0.99923745615372883	1.000806898986333	1.008220283423269	3 (YGHA26-2NTN, w/WEEB)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.85408666291502511	0.88244907146876739	0.92045469893078213	0.94617298682631468	0.95445342994930782	1.0107639223634441	4  (YGHA26-2NTN, w/WEEB)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.88193461338868706	0.88638090295796579	0.90050441100155687	0.90517128191020435	0.89431169975003988	0.92244617792452421	7 (YGHA26-2NTN)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.99550044286979611	1.0035358724534986	0.9937147918511956	0.98246662469185864	0.98442015816274309	0.99420211095388134	8 (YGHA26-2NTN)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.99841141498216401	0.98882282996432813	0.98402853745541019	0.98316691259687994	0.98488329677721931	0.9896584885191696	5 (KC26)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.9989663928304704	0.99971919342793136	1.0223032113517552	1.0400136768133026	1.0227290985423505	1.0332263180288555	6 (KC26)	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	0.97038805970149256	0.96474626865671631	0.9572238805970148	0.97806149973026424	0.9674585241125051	0.97026818100731393	









Individual Connector Stabilty

		Test 3. R(conn) ±5% from Avg R measurements. All R corrected to 20.0°C

				Resistance Readings 

		0		1 (GAR6426)		+/- 5% Avg of Resistance Readings				2 (GAR6426)						3 (YGHA26-2NTN, w/WEEB)						4  (YGHA26-2NTN, w/WEEB)						5 (KC26)						6 (KC26)						7 (YGHA26-2NTN)						8 (YGHA26-2NTN)

		Initial Reading		84.8214285714						94.0476190476						528.869047619						382.3412698413						132.8373015873						106.3492063492						112.003968254						83.4325396825

		Reading 1 168 Hours		83.2		78.6071115138		86.8815443047		94.7		89.9840200643		99.4560221764		451.7		466.2828373521		515.3652412839		337.2		326.3417597882		360.6935239764		132.7		128.6553618591		142.1980315285		103.2		97.8011955658		108.0960582569		111.5		105.5851701894		116.6993986304		83.3		78.3226151485		86.5671009536

		Reading 2 336 Hours		82.2		78.6071115138		86.8815443047		95.1		89.9840200643		99.4560221764		466.7		466.2828373521		515.3652412839		338.9		326.3417597882		360.6935239764		132.8		128.6553618591		142.1980315285		102.6		97.8011955658		108.0960582569		112.4		105.5851701894		116.6993986304		82.5		78.3226151485		86.5671009536

		Reading 3 504 Hours		83.1		78.6071115138		86.8815443047		95.6		89.9840200643		99.4560221764		486.8		466.2828373521		515.3652412839		344.3		326.3417597882		360.6935239764		135.8		128.6553618591		142.1980315285		101.8		97.8011955658		108.0960582569		111.3		105.5851701894		116.6993986304		82.1		78.3226151485		86.5671009536

		Reading 4 672 Hours 		82.2289156627		78.6071115138		86.8815443047		93.9759036145		89.9840200643		99.4560221764		500.4016064257		466.2828373521		515.3652412839		346.0843373494		326.3417597882		360.6935239764		138.1526104418		128.6553618591		142.1980315285		104.016064257		97.8011955658		108.0960582569		110.0401606426		105.5851701894		116.6993986304		82.0281124498		78.3226151485		86.5671009536

		Reading 5 840 Hours		82.8685258964		78.6071115138		86.8815443047		94.1235059761		89.9840200643		99.4560221764		504.780876494		466.2828373521		515.3652412839		341.9322709163		326.3417597882		360.6935239764		135.8565737052		128.6553618591		142.1980315285		102.8884462151		97.8011955658		108.0960582569		110.2589641434		105.5851701894		116.6993986304		82.171314741		78.3226151485		86.5671009536

		Reading 6 1008 Hours		82.8685258964		78.6071115138		86.8815443047		94.8207171315		89.9840200643		99.4560221764		534.561752988		466.2828373521		515.3652412839		352.6892430279		326.3417597882		360.6935239764		137.2509960159		128.6553618591		142.1980315285		103.187250996		97.8011955658		108.0960582569		111.3545816733		105.5851701894		116.6993986304		82.5697211155		78.3226151485		86.5671009536

		Micro Ohms Corrected to 20°C



Sample 1 (GAR6426)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	83.2	82.2	83.1	82.228915662650607	82.86852589641434	82.86852589641434	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	78.607111513784204	78.607111513784204	78.607111513784204	78.607111513784204	78.607111513784204	78.607111513784204	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	86.881544304708868	86.881544304708868	86.881544304708868	86.881544304708868	86.881544304708868	86.881544304708868	

Micro Ohms Corrected to 20°C









Sample 2 (GAR6426)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	94.7	95.1	95.6	93.975903614457835	94.123505976095615	94.820717131474112	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	89.984020064321001	89.984020064321001	89.984020064321001	89.984020064321001	89.984020064321001	89.984020064321001	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	99.456022176354807	99.456022176354807	99.456022176354807	99.456022176354807	99.456022176354807	99.456022176354807	







Sample 3 (YGHA26-2NTN, w/weeb)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	451.7	466.7	486.8	500.40160642570282	504.78087649402391	534.56175298804783	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	466.28283735206423	466.28283735206423	466.28283735206423	466.28283735206423	466.28283735206423	466.28283735206423	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	515.36524128386054	515.36524128386054	515.36524128386054	515.36524128386054	515.36524128386054	515.36524128386054	

Micro Ohms Corrected to 20°C









Sample 4 (YGHA26-2NTN, w/weeb) 



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	337.2	338.9	344.3	346.08433734939757	341.93227091633469	352.68924302788849	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	326.34175978815654	326.34175978815654	326.34175978815654	326.34175978815654	326.34175978815654	326.34175978815654	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	360.69352397638363	360.69352397638363	360.69352397638363	360.69352397638363	360.69352397638363	360.69352397638363	

Micro Ohms Corrected to 20°C









Sample 5 (KC26)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	132.69999999999999	132.80000000000001	135.80000000000001	138.15261044176708	135.8565737051793	137.25099601593627	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	128.65536185912308	128.65536185912308	128.65536185912308	128.65536185912308	128.65536185912308	128.65536185912308	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	142.19803152850446	142.19803152850446	142.19803152850446	142.19803152850446	142.19803152850446	142.19803152850446	

Micro Ohms Corrected to 20°C









Sample 6 (KC26)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	103.2	102.6	101.8	104.01606425702811	102.88844621513944	103.18725099601593	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	97.801195565795723	97.801195565795723	97.801195565795723	97.801195565795723	97.801195565795723	97.801195565795723	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	108.09605825693211	108.09605825693211	108.09605825693211	108.09605825693211	108.09605825693211	108.09605825693211	

Micro Ohms Corrected to 20°C









7 (YGHA26-2NTN)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	111.5	112.4	111.3	110.04016064257029	110.2589641434263	111.35458167330677	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	105.58517018938969	105.58517018938969	105.58517018938969	105.58517018938969	105.58517018938969	105.58517018938969	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	116.69939863037808	116.69939863037808	116.69939863037808	116.69939863037808	116.69939863037808	116.69939863037808	

Micro Ohms Corrected to 20°C









8 (YGHA26-2NTN)



Resistance Readings 	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	83.3	82.5	82.1	82.02811244979921	82.171314741035857	82.56972111553786	+/- 5% Avg of Resistance Readings	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	78.322615148509044	78.322615148509044	78.322615148509044	78.322615148509044	78.322615148509044	78.322615148509044	Reading 1 168 Hours	Reading 2 336 Hours	Reading 3 504 Hours	Reading 4 672 Hours 	Reading 5 840 Hours	Reading 6 1008 Hours	86.567100953615267	86.567100953615267	86.567100953615267	86.567100953615267	86.567100953615267	86.567100953615267	

Micro Ohms Corrected to 20°C













RR data for connections without Penetrox™
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RR data for connections with Penetrox™
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Connection cross sections without Penetrox™

Cross sections of assembled connections after 1008 hours of salt spray with corroded area in different locations. 
 

 Sample1.  (Image_216) 
YGHA262NTN with steel plate 
and SS hardware 

 
 

Sample 2.  (Image_219)                   Sample 3. (Image_214)                      Sample 4. (Image_220)        
YGHA262NTN with                         YGHA262N with steel plate           YGHA262N with copper 
copper plate and SS hardware             and SS hardware                           plate and SS hardware 

                            

 



Fragments of corrosion area from samples  1-4 
shown above.

Photo 1. Copper to steel. Pitting Corrosion Photo 2. Copper to steel. Pitting Corrosion Photo 3. Steel Corrosion



Connections Cross-sections without Penetrox™
BCS-3 with 7 No. 7 
Copper clad to Steel Plate

GAR6426TN                                                 GAR6426
Copper ground rod                                    to Copper ground rod



Observations

• The amount of deep pitting in the steel during this testing on all 
samples is a good indication of the severity of the test procedure.   

• All but two of the connections exhibited relative stability and 
even those two were stabilizing by the end of test. This would 
indicate a long-life expectancy even in very harsh corrosive 
conditions. 

• Applying Penetrox™ to all connections noticeably improved 
resistance stability



Summary
• Copper to Steel and Tinned Copper to Powder coated steel (Samples 1, 

3, and 15) showed the highest increase of resistance after 1008 cycles 
of salt spray and most severe corrosion area in the copper – steel 
contact. Observed galvanic corrosion

• Copper to Copper connections (Samples 2, 4 and 11, 12) and 
Exothermic connections (Samples 5 and 6) showed lowest increase of 
resistance after 1008 hours of Salt Spray and no visible corrosion in 
contact area. Observed no galvanic corrosion.

• Connections of Copper GAR ‘s plated and not plated to Steel Pipe 
showed some fluctuations of the resistance between 168 hours and 
336 hours of salt spray and then some increase of the resistance until 
1008 hours of Salt spray. Non conclusive



Conclusions
• Experimental data proved that galvanized steel and steel are not a good 

choice for grounding applications with copper because of galvanic 
corrosion and increasing resistance with increasing time of the exposure 
to salt spray. In real life the corrosive environment can be more complex 
and severe than lab conditions.

• Best results were achieved with Copper to Copper connections and 
copper clad to steel plate at Exothermic connection.

• The use of a proper oxide inhibitor can mitigate the majority of the 
corrosion effects at the connection interface.  
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