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Overview

This paper compiles several studies and analysis regarding the 

corrosion performance of buried Copperweld® Copper-Clad-Steel 

(CCS) conductors. These range from the early 1900’s with the 

invention of Copperweld® through the present day with studies 

performed by independent parties as well as Copperweld in-house 

testing. The purpose is to present the available information so that 

prospective users of Copperweld® CCS wire and strand can evaluate 

the corrosion resistance and expected performance within their 

specific application and area.
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Copperweld uses oxygen free copper in the 

manufacture of Copperweld® wire and strand. 

The copper surface of CCS is expected to 

oxidize and tum color ranging from green 

(patination) to brown and black the same as 

any solid copper wire or strand when exposed 

to environmental stimuli. Corrosion on exposed 

steel at the cut tip or end of the wire is also 

expected. The question to be answered is if the 

corrosion on either material or the interface 

between the copper and steel (galvanic 

reaction) will result in degradation of the wire 

as to make it unsuitable for use as a grounding 

conductor.

The oldest known underground corrosion 

study of bimetallic material was performed 

in the early 1900s 1 . This study focused on 

the corrosion behavior of Copperweld® CCS 

underground rod as well as other materials such 

as Copper and galvanized steel ground rod. The 

National Bureau of Standards (NBS) conducted 

an extensive underground corrosion study that 

involves 36,500 specimens which include 333 

varieties of ferrous, nonferrous , and protective 

coating materials buried in 128 test locations 

throughout U.S. in 1910 - 1955. 

The study summarizes the service life of a 

ground rod as following: 

• 10 mils copper coating - acceptable for service 

life up to 40 years 

• 13 mils copper coating - acceptable for service 

life up to 50 years 

Similarly, the Naval Civil Engineering Laboratory 

in collaboration with the National Association 

of Corrosion Engineers conducted a 7-year 

program of testing metal rods for electrical 

grounding to determine the galvanic corrosion 

effect. The three metals tested were stainless 

clad steel, copper-bonded steel (CCS), and 

galvanized steel. The result on the 5/8” CCS 

ground rod was as expected. The copper 

surface of the CCS was virtually free of 

corrosion and the steel core has corroded at the 

tip approximately 2 inches down the length of 

the rod.  

Copperweld Corporation is the inventor and 

sole manufacturer of Copperweld® Copper-

bonded ground rods and Copperweld® wire 

and strand since 1915.  The corrosion behavior 

of a Copperweld® ground rod is similar to the 

corrosion on Copperweld® wire and strand 

conductor.  Both materials consist of copper 

permanently bonded to a steel core.  All 

Copperweld® 40% CCS has a copper thickness 

of 10% of the overall diameter.  For example, 

Copperweld® 4THOUGHT™ has a configuration 

of 19 strands of 0.1055 inch wires.  It means that 

each strand has a copper thickness of 10.55 

mils.  Based on the NBS study, 4THOUGHT™ will 

have at least a minimum service life of 40 years. 

Copperweld has also conducted a 5-year 

study of buried bare 21% conductivity (copper 

thickness is 3% of the diameter) Copperweld® 

CCS in 10 different soil conditions in association 

with Southwest Research Institute2. The study 

reported 100% surface oxidation and various 

degrees of deterioration of the steel core as 

expected after 5 years.  The exposed steel on 

the tip of the wire rusted and formed “scab”, as 

shown in Figure 1.  The rust appeared to “seal-

off” the un-oxidized material from the corrosive 

medium.  The maximum depth of corrosion was 

70% of the wire diameter.

Figure 1: Example of Underground Corrosion 

of Copper Clad Steel
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Although the copper surface oxidation was heavy, the samples showed no signs of pits or holes 

in the copper cladding.  The copper thickness of a severely oxidized 5-year sample showed no 

discernible difference when compared to an un-oxidized control sample that was not subjected to 

the corrosive environment.  The mechanical and resistance testing resulted in negligible differences 

between 5-year samples and the control samples.  Thus, the oxidation had no discernible impact on 

the strength or electrical performance of the wire.

An accelerated corrosion study based on ASTM B117 was conducted on bare CCS and solid Copper 

wires to evaluate copper surface corrosion.  The wires were exposed to salt fog spray for 504 hours.  

As a result, corrosion on the CCS copper surface showed no significant difference as compared to 

the corrosion of copper wire.

In February 2011, three separate sample strands of Copper Clad Steel were un-earthed and cut out 

from a substation built in Louisville, KY.  The conductors were 40% conductivity, Low Carbon Steel, 

Dead Soft Annealed, 7 No. 5 (231,613 circular mil) and were installed in 1962. 

(A) Copper Clad Steel (B) Copper

Figure 2: Patination of Copper Surface after 504 hours exposure to Salt Fog Spray
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Table 1: Physical properties of the three strands of Copperweld® conductor that had been buried 

underground for 48 years in a Kentucky substation

 Strand 1 Strand 2 Strand 3

Conductor Type  40% Low Carbon Annealed

Conductor Size 7 No. 5

Cross Section Area  0.1819 in2 0.1819 in2 0.1819 in2

Diameter of Single End 0.1819" 0.1819" 0.1819"

Diameter of Conductor 0.5457" 0.5457" 0.5457"

Copper Thickness
Min 0.0142" 0.0114" 0.0134"

Max 0.0213" 0.0209" 0.01975"

% Concentricity  83.30% 77.30% 83.90%

Depth of Corrosion
Min 0.004" 0.028" 0.111"

Max 0.781" 0.859" 0.484"

The 1962 conductors were manufactured by Copperweld with a nominal copper thickness of 10% of its diameter.  

Figure 3 shows the copper thickness ranges from 11.4 – 21.3 mils and the concentricity of the conductor averaged 

at 81.5%.  Current manufacturing improvements yield concentricity of copper thickness above 85%.

Figure 3: Copperweld® 40% LC DSA 7 No. 5 

manufactured in 1962
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Figure 4a shows no visible corrosion observed other than oxidation and patination on the copper surface.  At the 

ends of the wires, the corrosion occurred in the form of steel rust.  The maximum depth of the corrosion is 0.859 

inch with an average of 0.382 inch, as shown in Figure 4b.

Figure 4a: There is no visible corrosion 

between the copper and steel on all wires 

obtained from the substation in Kentucky.

Figure 4b:  Corrosion occurred at the 

ends of the wires. Maximum penetration 

depth is 0.859 inch.

From all the corrosion studies above, there have not been reported or observed any galvanic 

corrosion at the interface of copper and steel.  The process of cladding for Copperweld® ensures a 

metallurgical bond between the two metals.  That metallurgical bond prevents any moisture from 

penetrating between the two metals precluding the corrosion process. Any propagation of corrosion 

on an area of exposed steel averages two times the diameter of the wire then stops.  The corrosion 

rate of the copper surface is equivalent to that observed on standard solid copper wire and strand.  

Based on the results of these studies, it can be summarized that CCS can be expected to have a 50 

plus year service life as buried grounding conductors.
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About the ABA

Extending the Reach of Metals

The American Bimetallic Association (ABA) is an organization dedicated to 

advocating, advancing and safeguarding the use of bimetals. ABA advocates 

for codes and standards with Standards Making Organizations (“SMOs”) to 

expand the use of bimetals in the marketplace. ABA educates the public about 

the safety and performance advantages of bimetals over traditional single-

metal solutions. ABA and each of its stakeholders seek to limit and slow the 

negative impact of inferior or substandard bimetals by setting the highest 

quality standards for bimetallic products.

Ensuring a Future for Bimetals

The safe-keeping of the bimetallics industry is central to the ABA’s mission as 

counterfeiting and sub-standard products threaten to undermine the sector’s 

reputation and promise. Through education and the monitoring of industry-

wide standards, the ABA provides the platform that allows bimetallic solutions 

to develop and reach market.

ABA membership represents a wide range of industries, making products that 

silently touch our lives in essential ways. From the circuit breakers protecting 

the welfare of our homes and workplaces, to the systems that create the 

images we see on television, to the manufacture of modern aircraft and 

automobiles, bimetals attract little attention but perform elemental roles in our 

common, everyday activities. As the global economy advances, our members 

continue to create new applications utilizing bimetals.
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