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Corrosion and Corrosion 
Control

for 
Solar Arrays

J.D. Howard, Esq.

Solar Industry
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Solar Capacity

Anatomy of a Pile Supported Solar Array

3

4



10/28/2022

3

Solar Array Zones

Above Grade – Atmospheric Zone

Below Grade – Soil Zone

Panel Support and 
tracker system

Pile Shapes
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Types of Solar Farm Corrosion
Above Grade

– Atmospheric 
Corrosion

– Galvanic Couplings
Below Grade

– Soil Corrosivity
– Galvanic Couplings

Atmospheric Corrosion
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Atmospheric Corrosion

Atmospheric Corrosion

Grease for Bearings and Dampeners

9

10



10/28/2022

6

Atmospheric Corrosion

Time of Wetness and Pollutants

ISO 9223 – Atmospheric Corrosivity Categories
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Atmospheric Corrosion Potential Global Map

Dose Functions

• For Carbon Steel:
• rcorr=1,77·Pd

0,52·exp(0,020·RH+ƒSt)+0,102·Sd
0,62·exp(0,033·RH+0,040·T)
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Atmospheric Corrosion Monitoring Stations

Field Atmospheric Corrosion Testing - Coupons
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Atmospheric Corrosion Rates

Once you know your corrosion rate

• Select Materials which are less susceptible 
to atmospheric corrosion

• Galvanization
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Galvanization

Types of Galvanizing

Courtesy of American Galvanizers Association
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Galvanic Corrosion

Galvanic 
corrosion 

between the 
stainless steel 
bolts and the 

aluminum panel

Bi-metallic or Galvanic Corrosion Cells

Dissimilar metals or galvanic 
corrosion is a very common 
form of corrosion created 

when two dissimilar metals 
are electrically coupled in a 

common electrolyte.
ELECTROLYTE

Active
Metal

Noble
Metal Current

Flow

Fe++Cu--

Electron Flow
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Galvanic Corrosion Above Grade
Galvanic Corrosion 
between fayed surfaces. In 
this case between the 
aluminum panel and a 
stainless steel bolt

Atmospheric Corrosion Remedies

• Eliminate bi-metallic coupling when possible
• UL 2703 Standard Mounting Systems for Photovoltaic 

Modules and Panels
• Increase Galvanization if needed
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Soil Corrosion

Soil Corrosion Evaluation Benefits

Addresses Corrosion Concerns Early: 
• Client/developer is better 

informed and has time to 
evaluate design options for steel 
supports. 
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Galvanic Corrosion on Steel Piles

Galvanic corrosion occurs 
between the steel support 
piles and the copper 
grounding system

Examples of Soil Corrosion on Steel Piles
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Preliminary Site Corrosivity Evaluations

Two principal facets to a site corrosivity survey
1. In-situ Phase - soil resistivity survey
2. Laboratory Phase - soil sampling & chemical analysis

In-situ soil resistivity surveys should be conducted to a depth of 15 ft.  and at 
various locations throughout the project site.  In-situ resistivities should be 
measured at depths of 2.5’, 5’, 7.5’, 10’ and 15’.  Barnes layer calculations should 
be used to layer the resistivity data.  

Soil samples should be collected from various locations and at various depths 
throughout the project site.  Soil samples should be sent to a qualified laboratory 
for chemical analysis.  

In –situ Phase

a

ρ = 2 π a R

a a

P
1

P
2

C
1

C
2

Resistivity 
Test 
Instrument

Wenner 4-pin Resistivity 
Measurements
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Laboratory Phase

Chemical Analysis
• Resistivity
• pH
• Chlorides
• Sulfates
• Moisture Content
• Redox

Corrosivity Classifications
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Understanding what constitutes pile failure is critical

• Pitting corrosion is very common for buried steel.

• Extremely localized pitting corrosion can cause pipelines and tanks to 
be compromised, especially if they are under pressure.

• Structural load-bearing piles are not significantly affected by pitting 
corrosion.

• Overall loss in weight is the key corrosion concern for piles.

*Article by Scott Canada in Solar Pro Magazine entitled “Corrosion Impacts on Steel Piles, Issue 5.1, Dec/Jan, 2012

Methods of Corrosion 
Control for Pile 

Supports

33

34



10/28/2022

18

Corrosion Protection Methods for Buried Steel 
Piles

2

3

4

Corrosion Allowance1

Galvanizing

Concrete Encasement

Dielectric Coatings

5 Cathodic Protection

Corrosion Allowance

Added steel thickness to account for corrosion

1
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• Federal Highway Administration
• Cal Trans
• American Iron and Steel Institute
• American Galvanizers Association
• British Corrosion Journal
• Romanoff Studies
• Faraday’s Law
• Eurocode
• E-Log-I
• LPR Testing
• Australian Corrosion Association
• AASHTO
• AMPP Standard in progress

How much steel do you add?

Is the site considered corrosive?
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Cal Trans

For structural elements, the Department considers a site to be corrosive if one or more 
of the following conditions exist for the representative soil and/or water samples 
taken at the site:

Chloride ≥500 ppm 
Sulfate ≥1500 ppm 
pH ≤5.5

The Department currently uses the following corrosion rates for steel piling exposed to 
corrosive soil and/or water or marine environments

• Soil Embedded Zone 1 mil per year
• Fill or Disturbed Natural Soils 1.5 mpy
• Atmospheric Zone (marine) 2 mpy
• Immersed Zone (marine) 4 mpy
• Splash Zone (marine) 6 mpy

Romanoff

National Bureau of Standards Chance Anchors
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Metal Loss vs. Soil Resistivity

Zinc Loss vs Resistivity Steel Loss vs Resistivity

Metal Loss vs. pH
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Eurocode 3: In Soils

British Corrosion Journal
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E-Log-I

A procedure for determining the Icorr for a structure is called E-log-I testing or developing a Tafel 
extrapolation from a V versus log I curve.  This technique can be performed in the laboratory or 
in the field.  

Tafel extrapolation curve

Faraday’s Law
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LPR
Linear Polarization Resistance

– used to monitor corrosion rates in real time in 
aqueous solutions

ER Probes
Electrical Resistance Probes

– used to monitor corrosion rates in different 
environments
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Pile Dig-Ups

Pull, Clean and Weight Test Piles
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Once the rate of corrosion is known

• Corrosion Allowance can 
then be determined

Galvanization of Steel Piles2
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Corrosion of Galvanized Corrugated Steel Pipe in 
Soil

Dielectric Coating3
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Concrete Encasement Supports4

Cathodic Protection

5
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Sacrificial Anodes

Magnesium anodes in vertical anode beds

®

Electrolyte

Cathodic Protection 
Anode

Cathodic Protection
Current Applied

AnodeCathode

Rectifier
+

-

What is Impressed Current Cathodic Protection? 

Power from 
PG&E
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Solar Panel with Tracker System

No electrical continuity 
exists between the piles 

and the tracker bar

Case Studies
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Case Study #1

• Assume HDG W6x9 piles with 8 feet of embedment, 25-year design 
life

• Sandy soils with lean and stiff clay, groundwater at 25 feet

Case Study #1

• HDG Zn 4 yrs – 18.25 yrs
• Steel 6.4 mils – 75 mils
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Case Study #2

• Assume HDG W6x9 piles with 8 feet of embedment, 25-year design 
life

• Sandy soils with medium stiff clay soils with groundwater @ 4 feet

Case Study #2

• HDG Zn 4 yrs – 25 yr design life
• Steel 0 mils – 55 mils
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Case Study #3
• Assume HDG W6x9 piles with 8 feet of embedment, 25 year design life
• Sandy soils with no groundwater encountered (one of driest places in world)

Case Study #3

• HDG Zn 4 yrs – 25 yr design life
• Steel 0 mils – 165 mils
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Remember to use 
“Good Engineering Judgement”

So, what does all this mean?

Questions
?
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