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This two-part article covers corrosion 

risk assessment of electric power 

transmission and distribution struc-

tures. It spans the design, manufac-

turing, shipping, storage, construc-

tion, and service stages. At each 

stage, there is a risk of corrosion that 

must be considered. Part 1 covers the 

metallurgy of steel and galvanizing. 

Part 2 (to be published in the April 

2014 issue of MP) will address corro-

sion of buried galvanized steel, soil 

testing, and a corrosion risk assess-

ment strategy.

The North American electric system 

includes more than 4,000 electric distribu-

tion utilities, 15,000 generating units, 

300,000 miles (482,700 km) of transmission 

and distribution (T&D) lines, millions of 

customers, and grid assets valued at more 

than $1 trillion.1 The United States operates 

over 157,000 miles (252,613 km) of high-

voltage (>230 kV) electric transmission 

lines (Figures 1 and 2).2 Galvanized steel 

and weathering steel lattice towers and 

poles comprise a substantial portion of 

metallic structures for electric transmis-

sion lines. Millions of these have been in 

service since the early twentieth century 

and are aging. 

Understanding corrosion is critical for 

asset owners to anticipate and manage its 

effects. It is important also to realize that 

corrosion occurs out of sight below ground 

and in the absence of oxygen under certain 

conditions. Table 1 demonstrates the typi-

cal determination cycle for a galvanized 

steel structure.

The key considerations to make a quan-

titative assessment of corrosion risk are:

• Electrochemical field considerations

• Oxidizing and reducing soil environ-

ment considerations

• Soil layer(s) corrosion activity and 

resistivity can be determined

• Interference and stray current can be 

measured and controlled

Entropy (disorder) tends to increase 

when systems such as physical assets in 

service are left to their own devices. To 

minimize or offset the effects of entropy, 

energy must be injected into the system 

and since this will not happen spontane-

ously, product engineers, scientists and 

asset managers should have a plan, other-

wise the system will become increasingly 

disordered and unstable.  
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A well thought out corrosion risk 

assessment process enables utility asset 

owners and managers to carry out effective 

risk management by providing specific 

actions/tasks that can reduce risk. The 

intention of the corrosion engineer and 

asset manager is to minimize risk to the 

lowest practical level such that no unac-

ceptable risks remain. It is generally not 

practical to completely remove all risks 

because of feasibility, time, and cost.

Corrosion risk assessment of T&D 

structures must rely on a variety of test 

methods and techniques to determine 

their physical condition and to measure the 

probability and consequences of all the 

potential corrosion-related hazards. In 

addition, the function of a structure, its 

design, and in-service utilization must be 

considered. An overview of the galvanizing 

process and potential hazards is presented 

in this article. Part 2 will discuss the meth-

ods that are used by field inspectors to 

determine the below-grade condition of a 

structure and its projected serviceability or 

life expectancy. 

Galvanized Steel

Galvanized steel is one of the most-

often specified materials for poles, lattice 

towers, and other T&D assets commonly 

used in the electric power industry (espe-

cially for high-voltage transmission line 

and substation structures). Galvanized 

steel structures are protected from corro-

sion attack by a barrier effect and the gal-

vanic action of zinc. The applied galvanized 

coating typically does a fine job of protect-

ing steel located in moderately corrosive 

and oxidizing soils. In a recent field project 

in Texas, galvanized lattice towers dating 

back to the early twentieth century were 

found to exhibit an intact galvanized layer 

even after 100 years of service. 

Not all galvanizing facilities are the 

same, however. Sometimes the quality of 

the galvanized layer is compromised by 

lack of adequate quality control, poor spec-

ifications, shoddy materials selection, and 

inadequate application. Factors often asso-

ciated with corrosion failure are improper 

thickness, excessive brittleness of the inter-

FIGURE 1  Utility transmission and distribution towers are exposed to all types of corrosive 

exposures in hard-to-reach areas that require targeted programs and planning to prioritize 

inspections and assessment.

FIGURE 2  Utility transmission and distribution towers located in environments where land use 

(e.g., proximity to industry, roads, and deicing salts) is indicative of potential corrosion issues.
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dards specify that plate test specimens are 

to be taken after rolling and finishing oper-

ations. Liquid metal embrittlement (LME) 

(loss of ductility under load) from galvaniz-

ing is very rare and should be confirmed by 

metallurgical analysis. Detailed metallurgi-

cal slow strain rate and bend testing may be 

used to detect hydrogen embrittlement 

(HE) and grain boundary segregation (GBS) 

failure mechanisms. Fractography can be 

used to determine the mode of fracture, the 

origin of fracture, the location, and the 

nature of flaws that may have initiated the 

failure.

Variations in heat treatment and cool-

ing rates can affect the corrosion potential 

and even cause galvanic couples between 

different areas of the same steel compo-

nent. Such examples would be welds and 

their heat-affected zones (HAZ) and the 

adjacent unaffected steel. Decarburized 

surface layers are also prone to accelerated 

corrosion, but are not always present.

Characteristics of Galvanized 
Steel Poles and Towers

While the galvanized coating usually 

consists of several intermediate interme-

tallic (Fe-Zn) layers (Figure 3), the top sur-

face layer is composed essentially of free 

zinc. This layer defines the appearance of 

galvanized structure. 

Typically freshly prepared hot-dip galva-

nized steel has a smooth, shiny surface with 

the well-known zinc spangle pattern, pro-

vided the steel substrate chemistry and gal-

vanizing bath were adequately controlled.  

This ductile zinc surface layer commonly 

comprises at least 30 to 40% and sometimes 

as much as 70-80% of the total galvanized 

coating thickness. However, certain ele-

ments in the steel base or in the weld metal 

can promote the formation of a coating that 

is entirely composed of Fe-Zn intermetallic 

layers with limited or no free zinc barrier lay-

ers. When this occurs, the galvanized steel 

may look matte gray in color and have a 

rough surface.  Through the addition of 

alloying elements and control of the galva-

nizing bath, large galvanizing operations 

have been able to produce utility poles and 

lattice towers that can last a long time and at 

TABLE 1.  CYCLE OF GALVANIZED STEEL STRUCTURE CORROSION

New structure Galvanized layer acts as a barrier and 
sacri!cially protects the carbon steel 
substrate

Weathered structure (zinc consumed)
(corrosion rate dependent on soil/atmosphere 
corrosivity and geometry, dry/wet cycles)

Corrosion products consist of zinc 
carbonate, zinc oxide, zinc hydroxide, 
zinc sulfate, zinc hydroxychloride, zinc 
chlorohydroxysulfate

Aged structure (galvanized consumed)
(rate dependent on soil/atmosphere 
corrosivity, geometry, dry/wet cycles)

Corrosion products consist of hydrous 
ferrous oxide (red brown rust), hydrated 
magnetite and magnetite (black), ferrous 
hydroxide (blue/green)

metallic alloy layer, general galvanizing 

failure, substrate surface preparation, stor-

age conditions, installation damage, soil 

conditions, or unsuitable coating selection 

for the soil. Galvanized surface colors (dif-

ferent shades of gray) may be specified 

based on project site requirements.

Metallurgical Aspects 
of Galvanized Steel 
Poles and Towers

Steel Material Selection and Testing
T&D structures are generally designed, 

fabricated, and installed based on selected 

mechanical and electrical performance cri-

teria to achieve required performance reli-

ability. Since steel is assumed to be an engi-

neered material of a consistent quality, 

there are usually no allowance factors 

applied in modern designs. Subsequently, 

dimensions and service life can be severely 

diminished by corrosion, which can even-

tually lead to failure.

Typically, for best performance, the 

steel should conform to the mechanical 

and chemical properties listed in ASTM 

A5723 or CSA G40.21.4 The maximum Si 

content for the steel substrate should be 

0.06% to ensure adequate free Zn and a uni-

form galvanized finish. The mechanical 

strength requirements for structural per-

formance is then dependent upon the 

material’s cross-sectional area. If it is inad-

equate, tensile failures could occur at loca-

tions where corrosion has produced local-

ized reductions in the cross section and 

created stress raisers. Higher tensile 

strength steels have less ductility and 

toughness, and these steels are considered 

notch sensitive. Normal construction-

grade steels would not typically be notch 

sensitive, but high-strength low-alloy 

(HSLA) steels can be notch sensitive.  

Corrosion pitting can create the notch, 

which then becomes the location of crack 

initiation. Pitting or reduced thickness 

areas due to corrosion activity can also lead 

to areas of weakness in a structure where 

mechanical cracks are initiated.

To ensure a selected steel material has 

adequate notch sensitivity and toughness, 

the most commonly used test is the Charpy 

V-notch (CVN) impact test. CVN speci-

mens should be prepared and tested in 

accordance with ASTM E235 to determine 

the toughness characteristics of the mate-

rial in the transverse (L-T) direction. In 

some cases, depending on size and thick-

ness, it may be necessary to use sub-size 

specimens. In some steels it may be diffi-

cult to measure percent shear because of 

“woody” fracture surfaces. In these cases, 

it would be more appropriate to use lateral 

expansion and absorbed energy measure-

ments to obtain a more accurate transition 

temperature. 

In general, steels from a mill should be 

guaranteed to have a minimum energy 

impact value of 15 ft-lb (20 J) for specimens 

at –20 to –40 °F (–28.9 to –40 °C) (depend-

ing on minimum temperatures at structure 

sites, the material characteristics, and the 

thickness of the component or test sample) 

as measured by a CVN test in accordance 

with ASTM A3706 and A673.7 These stan-
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the same time avoid intermetallic rust for 

decades.

The microstructure of hot-dip galva-

nized steel depends on the composition of 

steel and the galvanizing bath composition.  

In general, silicon composition less than 

0.04% or between 0.15 and 0.25% is recom-

mended.  Si and P act synergistically, increas-

ing the rate of the iron/zinc intermetallic 

reaction, which leads to thick coatings.  

Phosphorus less than 0.04% or manganese 

less than 1.35% are beneficial.  Excessive sili-

con accelerates the reaction between Fe and 

Zn, resulting in a coating that can consist 

completely of Fe-Zn intermetallic layers. 

Higher Si concentrations can also lead to 

coatings that are much thicker overall than 

coating specifications require.

According to an American Galvanizers 

Association document,8 such coatings may 

“have a lower adherence when compared to 

the ‘typical’ galvanized coating. This type of 

coating tends to be thicker than the ‘typi-

cal’ galvanized coating. As the thickness of 

this coating increases, a reduction of 

adherence may be experienced.”

Thick galvanizing on the order of 7 mils 

(178 µm) or more depending on free zinc 

layer thickness are especially brittle and 

will crack and peel off under mechanical 

stress or crack if severely impacted or sub-

jected to cyclic loads. This may lower the 

fatigue resistance of pole components in 

general; however, experience indicates that 

cracking of embedded poles and lattice 

towers are rare. 
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FIGURE 3  Galvanized steel intermetallic layers: Eta (100% Zn), Zeta (94% Zn), Delta (90% Zn), and 

Gamma (75% Zn). Image provided by Valmont-Matco Services.
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