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EXECUTIVE SUMMARY

Fasteners are among the smallest components in utility infrastructure — but their impact on
structural integrity, electrical reliability, and long-term maintenance costs is profound. In
transmission towers, distribution poles, and electrical substations, the proper selection of fasteners
directly influences system durability, safety, and overall lifecycle costs.

This whitepaper examines the engineering constraints, environmental challenges, standards,
materials, and innovations that shape fastener performance in utility applications. It provides
procurement guidance, design insights, and practical strategies to improve reliability and mitigate
long-term operational risk.
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THE ROLE OF FASTENERS IN UTILITY
INFRASTRUCTURE CONSTRUCTION

Utility structures must withstand decades of environmental exposure, dynamic loading, electrical
demands, and recurring maintenance cycles. Fasteners serve as the mechanical and sometimes
electrical backbone of the system, influencing:

m Structural stability under wind and line loads

m Corrosion resistance in aggressive environments

m Electrical bonding integrity

® Maintenance costs over a 30 to 50-year lifespan

The importance of fasteners to this industry is underscored by the fact that even minor fastener
failures can lead to catastrophic tower collapse, substation outage, or grounding deficiencies.
Consistent, to-spec fastener quality is mandatory, making the selection of fastener suppliers
even more critical.

ENVIRONMENTAL & OPERATIONAL CHALLENGES

Utility environments impose unique stresses on mechanical joints. Understanding these
challenges is essential for selecting the appropriate fastener, material, and coating.

MECHANICAL STRESSES

Transmission towers and substations experience:
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CORROSIVE ENVIRONMENTS

Utility fasteners often operate in chemically aggressive environments. Typical corrosion

challenges, by location, include:

Environment Type Corrosion Challenge
Coastal Salt spray, chloride attack
Industrial S0O2/NOx exposure

Rural Moderate moisture
Desert Abrasive sand, UV

ELECTRICAL CONSIDERATIONS

Fasteners play critical roles in:

® Grounding system continuity

® Bonding connections for equipment enclosures

® Preventing arcing or stray currents

Example Regions

Gulf Coast, Atlantic coastline
Steel mills, industrial corridors

Midwest plains

Southwest U.S.

Note: Dissimilar metals can create galvanic coupling, which accelerates corrosion in joints subject

to electrical potential differences.

TEMPERATURE EXTREMES

In addition, thermal expansion discrepancies
between steel members and fasteners can
lead to:

e
® Loosening
® Loss of preload i
m Accelerated fatigue E

= Brittle fracture in extreme cold
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FASTENER TYPES & MATERIALS USED

IN UTILITY STRUCTURES

Based on the broad range of fastening applications associated with the utility industry, a variety of
fastener types are used, many of which are available in a wide range of materials, coatings, and

protective treatments.

COMMON FASTENER TYPES
= Hex bolts (ASTM A325/A490) (1)
= Tower bolts and structural machine bolts
® Anchor bolts (embedded or plate-mounted)
® Flange bolts for substation equipment

m Shear bolts and tension-control bolts for consistency
during installation

m Nuts, flat washers, lock washers, Belleville washers

MATERIAL SELECTION OVERVIEW

Material Strength Corrosive Resistance Common Uses

Carbon Steel Moderate Low-Moderate

High-Strength Steel

(ASTM A325/ASSTM A490 1.0 19" Moderate
Stainless 304 Moderate Very High
Stainless 316 Moderate  Very High
Silicon Bronze Low Extremely High

Standard tower
hardware

Substation steel
structures

Light-duty corrosive
environments

Coastal substations

Grounding/bonding
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COATINGS & PROTECTIVE TREATMENTS

® Hot-Dip Galvanizing (HDG) — 50-100+ year
lifespans depending on environment

® Mechanical galvanizing - suitable for
threaded components

® Zinc-aluminum flake coatings - superior

-l
to HDG in salt fog

®m Epoxy or PTFE coatings — chemically resistant but offered at a premium cost

STANDARDS, REGULATIONS & COMPLIANCE

Fasteners must comply with all applicable standards relevant to their type and application.
Key standards include:

STRUCTURAL STANDARDS
m ASTM A307 - low-carbon bolts
m ASTM F3125 (A325, A490) — structural bolts (4
m ASTM A153 - zinc coatings

m RCSC Specifications - slip-critical and tensioned joints
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UTILITY-SECTOR STANDARDS

= |EEE 80 - grounding connections
m NESC (National Electrical Safety Code) ¢

m |EC 61284 - overhead line fittings (9

TESTING REQUIREMENTS

Regular verification should include:

m Tensile and shear testing
m Coating thickness measurement

® Hardness tests

® Field torque/tension validation

ENGINEERING CONSIDERATIONS

There are several factors to consider in the selection of fasteners for various utility joining
applications:

Torque & Tension Control — proper preload is essential for preventing joint slip or loosening.

Bolt Grade Typical Tension (kN) Notes
ASTM A325 (1) 100-120 Standard for slip-critical joints
ASTM A490 (2) 150-170 Requires higher installation torque

Vibration Resistance - fasteners must be able to
mitigate the following conditions:

= Conductor galloping
m Aeolian vibration

® Dynamic wind loads
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Effective locking systems - often considered for demanding, vibration-intensive applications:
= Distorted-thread locknuts
= Nylon-insert locknuts (non-electrical grade)
= Wedge lock washers (DIN 25201)
m Lockbolts

® Liquid threadlockers, where permitted

ELECTRICAL BONDING & GROUNDING REQUIREMENTS

m Fasteners must also be specified based on electrical bonding and grounding
requirements. Failures can result from several issues, including the demands of
high-resistance connections, potential arcing in bolted joints, and, most frequently,
corrosion at mixed-metal interfaces.

® |n most applications, stainless steel is too resistive to be used for grounding paths,
leaving copper or bronze fasteners the preferred materials of construction.

MAINTENANCE, LIFECYCLE, AND REPLACEMENT PRACTICES

INSPECTION SCHEDULES

A planned program for inspecting and replacing fasteners is critical to maintaining the
structural integrity of distribution and transmission towers and various substation equipment.

Recommended inspection intervals for various fastening
applications include:

® Transmission towers: every 3-5 years

m Substations: annually

m High-corrosion zones: semi-annual
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These inspections should focus on several
failure-related conditions, including:

34
=
BT
AN

® Red rust formation bl

m Bolt loosening or missing hardware : A\ )

= Deformed plates or holes

= Grounding continuity issues

REPLACEMENT STRATEGIES

When considering the risk of not replacing fasteners against the costs of replacement, a
risk-based approach is often the most effective strategy for informed decision-making.
These decisions are often based on the following considerations:

® The Critical Nature of the structure

® The severity of the environment in which the structure is located

®m The age of installed fasteners

®m The defect rate of the fasteners for similar projects

TOTAL COST OF OWNERSHIP (TCO)

The total cost of ownership for fasteners includes the cost of the fasteners themselves and
their installation.

For instance, upgrading fasteners from standard HDG to zinc-aluminum flake coatings can
reduce total fastener lifecycle cost despite higher upfront pricing, as illustrated by the total cost
of ownership example below:

Fastaner Type I:::::lled Expected Life ;;tavleic:t of Ownership Over
Standard HDG Low 20-30 yrs High (requiring multiple replacements)
Zn-Al Flake Moderate  40-50 yrs Lower overall

Stainless 316 High 50+ yrs Moderate
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INNOVATIONS AND EMERGING TECHNOLOGIES

Advanced Coatings - several developments in the realm of layered barrier systems include:
zinc flake bases, ceramic sealing coats, and hydrophobic topcoats.

These systems can outperform traditional galvanizing by
300-500% in salt spray tests.

Smart Fasteners - fasteners with embedded sensors
can now monitor for tension loss, exposure to vibration,
and levels of corrosion. While expensive, these fasteners
offer specific benefits for applications such as remote
mountain transmission corridors and critical substation
connections.

Composite & Hybrid Solutions - fiber-reinforced
polymer (FRP) fasteners offer functional advantages in installations where electrical isolation
or non-magnetic assemblies are required.

RECOMMENDATIONS AND BEST PRACTICES
There are a number of ways to optimize the performance and lifecycle of fasteners used in utility
applications. Several key strategies include:

m Use 316 stainless or Zn flake-coated steel fasteners in coastal environments

= Follow RCSC guidance for preload control

® Match fastener material to connected hardware to avoid galvanic issues

= Implement risk-based inspections with digital tracking

m Standardize procurement specs to reduce variation
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CONCLUSION

Fasteners are foundational to the safety, reliability, and longevity of utility structures. Today,
advances in coating technology, intelligent monitoring, and optimized materials can improve
fastener performance while reducing lifecycle costs.

Proper fastener selection, supported by industry standards, informed by environmental and
operational demands, and scheduled monitoring and maintenance, will deliver long-term benefits
and a more resilient grid infrastructure.

ALL-PRO FASTENERS

For over 50 years, All-Pro Fasteners has met the needs of the utility industry by delivering reliable,
cost-effective supply solutions. Through its unique All-Pro Connect™ program, All-Pro combines
global and domestic fastener sourcing with in-house domestic manufacturing, delivering fasteners
of consistent quality where and when they are needed. In addition to the benefits of All-Pro
Connect, the company offers industry-leading QA/QC programs conducted in its own A2LA-
certified lab. To further support tower and pole construction, we provide a range of secondary
process services, including product assembly, anodizing, burnishing, drilling, grinding, plating,
coating, painting, passivating, polishing, and galvanizing of fasteners and assemblies.
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APPENDIX

(1) ASTM A325: covers the characteristics of high-strength structural steel bolts used in steel
construction, designed for heavy load-bearing joints and typically installed with controlled
tightening (snug-tight or pretensioned).

Nominal diameters:
1/2” to 1-1/2” (inclusive)

Mechanical Properties (minimum values)

Bolt Diameter Tensile Strength Yield Strength
<1in 120 ksi (830 MPa) 92 ksi (635 MPa)
>1in 105 ksi (724 MPa) 81 ksi (559 MPa)

(2 ASTM A490: is a high-strength structural steel bolt used in heavy steel construction where a
higher strength than A325 is required. It is a heat-treated alloy steel intended for pretensioned or
slip-critical structural joints and supplied as part of a matched bolt-nut—-washer assembly.

Nominal diameters:
1/2” to 1-1/2” (inclusive)

Mechanical Properties (minimum values)

Bolt Diameter Tensile Strength Yield Strength
<1in 150 ksi (1,035 MPa) 130 ksi (895 MPa)
>1in 150 ksi (1,035 MPa) 115 ksi (795 MPa)

3 ASTM A307: covers low-carbon steel bolts, studs, and threaded rods intended for
general-purpose, non-high-strength applications. These fasteners are commonly used in
anchorage, secondary steel, and non-critical structural connections where high pretension
is not required.

ASTM A307 fasteners are not heat-treated and are installed as snug-tight or hand-tight
connections, making them unsuitable for pretensioned or slip-critical joints.

Nominal diameters:

1/4” to 4” (Grade A)
(Grade B typically up to 4”)
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Mechanical Properties (minimum values)

Grade Tensile Strength Yield Strength
A 60 ksi (414 MPa) Not Specified
B 60 ksi (414 MPa) Not Specified

@ ASTM F3125: is the consolidated standard for high-strength structural bolts used in
steel-to-steel structural connections. It replaces and combines the former ASTM A325, A490,
and F1852 standards under a single specification, while retaining their original mechanical and
geometric requirements by grade.

ASTM F3125 bolts are intended for pretensioned and/or slip-critical joints. They are installed as
part of a matched bolt-nut-washer assembly, with installation and inspection governed by the

RCSC Specification for Structural Joints.

Nominal diameters:
1/2” to 1-1/2” (in all grades)

Mechanical Properties - ASTM A325 (minimum values)

Bolt Diameter Tensile Strength Yield Strength
<1in 120 ksi (830 MPa) 92 ksi (635 MPa)
>1in 105 ksi (724 MPa) 81 ksi (559 MPa)

Mechanical Properties - ASTM A490 (minimum values)

Bolt Diameter Tensile Strength Yield Strength
<1in 150 ksi (1,035 MPa) 130 ksi (895 MPa)
>1in 150 ksi (1,035 MPa) 115 ksi (795 MPa)

) ASTM A153: is the Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware. It defines requirements for applying a hot-dip zinc (galvanized) coating to fasteners and
other ferrous hardware items to provide corrosion protection. Under this specification, hardware is
immersed in molten zinc to form metallurgical bonds of zinc-iron alloy layers on the surface.

This standard ensures uniform coating thickness, adherence, appearance, and absence of defects
such as uncoated spots, excessive dross, or blisters. It is commonly invoked on structural and
general construction projects where corrosion resistance is required for threaded hardware.
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ASTM A153/A153M — MINIMUM ZINC COATING REQUIREMENTS BY CLASS

Min. Min. Min. Average Min.
Coating Coating . g Individual
. . Thickness .
Weight Weight (mils / um) Specimen
(oz/ft)  (g/m?) - (mils / pm)

Class of Material

Class A — Castings,

2.00 610 3.4 mils (86 3.1 mils (79
malleable iron & steel mils (86 pm) mils (79 pm)

Class B-1 — Rolled/
pressed/forged items
=3/16 in thick and >15 in
long

2.00 610 3.4 mils (86 pm) 3.1 mils (79 ym)

Class B-2 — Rolled/
pressed/forged items
<3/16 in thick and >15 in
long

1.50 458 2.6 mils (66 pm) 2.1 mils (53 ym)

Class B-3 — Rolled/
pressed/forged items, any 1.30 397 2.2 mils (56 pm) 1.9 mils (48 pm)
thickness and <15 in long

Class C — Fasteners >
3/8 in diameter & similar; 1.25 381 2.1 mils (53 pm) 1.7 mils (43 pm)
washers = 3/16 in thick

Class D — Fasteners <
3/8 in diameter & similar; 1.00 305 1.7 mils (43 pm) 1.4 mils (36 pm)
washers < 3/16 in thick

6) RCSC Specifications for Structural Joints: using High-Strength Bolts governs the
installation, inspection, and performance of high-strength bolted joints in steel construction.

It applies to structural joints using ASTM F3125 high-strength bolts (Grades A325, A490, F1852)
and defines how bolts are tightened, inspected, and accepted in service.

RCSC is the authoritative document for bolted joint behavior and supersedes ASTM standards
for installation requirements, which only define material properties.

(") IEEE 80: provides design guidance for grounding (earthing) systems in AC substations to

ensure personnel safety and equipment protection during normal operation and ground-fault
conditions.
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The standard focuses on controlling step and touch voltages by properly designing grounding
grids, ground electrodes, and bonding systems, while accounting for soil resistivity, fault current
magnitude, and fault duration. IEEE 80 is widely adopted as the industry reference for substation
grounding design worldwide.

8 NESC (National Electric Safety Code): published by IEEE (ANSI C2), establishes minimum
safety requirements for the design, construction, operation, and maintenance of electric supply
and communication lines and equipment.

NESC primarily applies to utility-owned or utility-operated systems, including overhead and
underground lines, substations, and associated structures, with a focus on protecting the public,
utility workers, and adjacent facilities. Unlike the NEC (NFPA 70), which governs premises wiring,
NESC governs power and communications infrastructure outside customer premises.

©) IEC 61284 (Overhead lines) - requirements and tests for fittings. Specifying the mechanical,
dimensional, and testing requirements for fittings used on overhead power lines. These fittings
connect conductors, ground wires, insulators, and structures, and must safely transmit
mechanical loads under both normal and extreme service conditions.

This standard applies to fittings used with bare conductors and overhead line hardware. It is
widely referenced for transmission and distribution line design, ensuring compatibility, strength,
and reliability across utilities and manufacturers.

IEC 61284 defines mandatory tests, including:

® Mechanical strength tests
m Slip tests (where applicable)
® Proof load tests

® Dimensional verification

® Visual inspection
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