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In the domain of civil infrastructure, the structural integrity of highway bridges represents a critical intersection of
public safety and engineering precision. The AASHTO/AWS D1.5 Bridge Welding Codeserves as the primary
regulatory framework governing the fabrication and rehabilitation of welded highway bridges in the United States.
Developed through a collaborative effort between the American Association of State Highway and Transportation
Officials (AASHTO) and the American Welding Society (AWS), this code ensures that bridge components
fabricated from carbon and low-alloy constructional steels can withstand the dynamic loads and environmental
stresses inherent in long-term transportation use.

The Evolution and Scope of AASHTO/AWS D1.5:2015-AMD1

The 2015 edition, specifically the AASHTO/AWS D1.5M/D1.5:2015-AMD1, represents a significant refinement in
the standard. This version incorporates dimensions in both SI Metric and U.S. Customary Units, reflecting the
global nature of material supply chains and engineering practices. The code is designed to address the unique
challenges of bridge welding, which differ substantially from general structural steel welding (governed by AWS
D1.1). Bridges are subject to high-cycle fatigue, fluctuating thermal conditions, and, in many cases, are non-
redundant, meaning the failure of a single welded joint could lead to catastrophic collapse.

This code covers welding requirements for highway bridges made from various steels, primarily carbon and low-
alloy constructional steels. The clauses within the document establish a comprehensive body of rules that regulate
everything from design and workmanship to inspection and the Fracture Control Plan (FCP)for nonredundant
bridge members.

The Structural Hierarchy of the Bridge Welding Code

To understand the application of D1.5, one must grasp the organizational structure of its primary clauses. These
clauses provide a roadmap for the entire fabrication lifecycle:

* Clause 1 (General Provisions): Defines the scope, responsibilities, and fundamental limitations of the code.

e Clause 2 (Design of Welded Connections): Focuses on the engineering requirements for weldments, including
effective areas, fatigue considerations, and load paths.

e Clause 3 (Workmanship): Details the physical requirements for the finished weld, including surface
preparation, dimensional tolerances, and repair procedures.

¢ Clause 4 (Technique): Outlines the specific welding processes (SMAW, SAW, FCAW) and the parameters
required to execute them correctly.

e Clause 5 (Qualification): Covers both Welding Procedure Specifications (WPS) and performance qualification
for welders and welding operators.

e Clause 6 (Inspection): Establishes the criteria for visual and nondestructive examination (NDE).

e Clause 7 (Stud Welding): Provides specific requirements for the application of shear connectors and other
studs.



Technical Analysis: Fracture Control Plan (FCP) for Nonredundant Members

Perhaps the most critical aspect of the AASHTO/AWS D1.5 code is Section 12, which details the Fracture Control
Plan (FCP). A nonredundant member is defined as a tension member or a tension component of a member whose
failure would be expected to cause the bridge to collapse. Due to this high level of risk, the FCP imposes much
more stringent requirements than those applied to standard redundant members.

Key Components of the FCP

The FCP focuses on three main pillars: material toughness, strict welding procedures, and enhanced inspection
protocols. Materials used in FCP applications must meet specific Charpy V-Notch (CVN)toughness requirements,
which are often higher than standard structural steel requirements to ensure the material can arrest a crack before
it leads to brittle fracture. Furthermore, welding consumables used in FCP must be certified to provide high
toughness at low temperatures.

Inspection under the FCP is also intensified. For example, while standard members might require only a

percentage of welds to undergo Radiographic Testing (RT) or Ultrasonic Testing (UT), FCP members typically
require 100% NDT on all critical tension welds. This ensures that even the smallest defects, which could serve as
fatigue crack initiation points, are identified and remediated.

Procedure Qualification and Documentation: The Role of Form O-3

In bridge fabrication, a weld cannot simply be performed based on a welder's experience. It must follow a pre-
qualified or qualified Welding Procedure Specification (WPS). The process of proving that a specific combination
of materials, processes, and parameters produces a sound weld is documented in the Procedure Qualification
Record (PQR).

A critical document in this process is Form O-3 (PQR Fillable Form). This technical document serves as the legal
and engineering record of the qualification test. It captures vital data including:

« Base Metal Specifications: Grade, thickness, and heat numbers.

 Filler Metal Details: AWS classification, diameter, and manufacturer.

* Welding Parameters: Current (Amps), Voltage, Travel Speed, and Heat Input.

¢ Preheat and Interpass Temperatures: Vital for controlling the cooling rate and preventing Hydrogen-Induced
Cracking (HIC).

¢ Mechanical Test Results: Tensile strength, bend test results, and CVN values.

Without a valid PQR and a subsequent WPS, any welding performed on a bridge project is considered non-
compliant and may be rejected by the Engineer of Record or the Federal Highway Administration (FHWA).

Comparison Matrix: AWS D1.5vs. AWS D1.1

A common point of confusion for fabricators is the distinction between the Bridge Welding Code (D1.5) and the
Structural Welding Code - Steel (D1.1). While D1.1 is often used for buildings and general structures, D1.5 is
specialized for the bridge environment. The following table highlights the primary differences:



Feature

Application Scope

Material Restrictions

Fracture Control

Prequalified Joints

Consumable Testing

NDT Requirements

AWS D1.1 (Structural)

Buildings, stadiums, general steel
structures.

Broad range of structural steels.

Not a primary focus unless specified.

Highly permissive with many
prequalified options.

Standard AWS classification testing.

Visual is primary; UT/RT based on
loading.

AASHTO/AWS D1.5 (Bridge)

Highway bridges (AASHTO regulated).

Specific carbon and low-alloy bridge
steels (e.g., ASTM A709).

Mandatory Section 12 for
nonredundant members.

More restrictive; many bridge joints
require full qualification.

Enhanced toughness testing required
for many bridge grades.

Strict RT/UT requirements for tension
and fatigue members.

Technical Workflow for Bridge Welding Implementation

Implementing the D1.5 code in a fabrication shop or field environment requires a systematic approach to quality
control. The following sequence represents the technical workflow required for compliance:

1. Engineering Review and Design Alignment

The process begins with the Engineer of Record (EOR) determining whether the bridge members are redundant
or nonredundant. This determination dictates whether the Fracture Control Plan applies. Connection designs are
reviewed for fatigue categories (A through E") as defined by AASHTO design specifications. Weld symbols must be
verified against the AWS A2.4 standard to ensure clear communication of joint geometry.

2. Material Procurement and Traceability

Only steels meeting specific AASHTO requirements (such as M270 or ASTM A709) are permitted. Fabricators
must maintain strict traceability, often involving the marking of heat numbers on each component. Filler metals must
be kept in climate-controlled ovens to prevent moisture absorption, which is a leading cause of hydrogen cracking
in high-strength bridge steels.

3.Welding Procedure Development

If a joint is not prequalified under Clause 2, the fabricator must perform a procedure qualification test. This involves
welding a test plate under the supervision of a Certified Welding Inspector (CWI). The test plate is then subjected
to destructive testing (tension, bend, and impact) to verify that the weld metal and heat-affected zone (HAZ) meet
the required mechanical properties.

4. Execution and Interpass Control

During the actual welding of the bridge girders, strict adherence to the WPS is mandatory. Heat input (Joules/inch)
must be monitored to prevent excessive softening of the HAZ or the creation of brittle microstructures. For high-
performance steels (HPS), cooling rates are particularly critical, and specialized thermal monitoring equipment may
be used.



Nondestructive Examination (NDE) and Quality Assurance

Inspection is the final safeguard in bridge welding. Clause 6 of D1.5 outlines the requirements for various NDE
methods. Unlike general structural work, bridge welding often requires a combination of methods to ensure internal
and surface integrity.

Visual Inspection (VT)

Every weld must undergo 100% visual inspection. The CWI looks for undercut, porosity, overlap, and proper profile.
In the context of bridges, even minor surface irregularities can act as stress risers that lead to premature fatigue
failure.

Radiographic (RT) and Ultrasonic Testing (UT)

RT is typically used for butt joints in tension members, providing a permanent film record of the internal weld
structure. However, in modern bridge fabrication, UT (including advanced Phased Array Ultrasonic Testing -
PAUT) is becoming more prevalent due to its ability to detect and size planar defects like lack of fusion, which RT
might miss. The 2015-AMD1 update reflects the industry's moving towards more sophisticated digital NDT methods.

Magnetic Particle Testing (MT)

MT is used to detect surface and slightly subsurface discontinuities in ferromagnetic materials. In bridge work, it is
frequently used on fillet welds and at the ends of large girder welds where cracks are most likely to initiate.

Practical Troubleshooting: Common Challenges in Bridge Welding

Even with strict adherence to D1.5, bridge fabricators encounter technical hurdles. Addressing these requires an
understanding of metallurgy and physics.

» Hydrogen-Induced Cracking (HIC): Often occurring in the heat-affected zone, HIC is caused by the presence
of hydrogen, a susceptible microstructure, and high tensile stress. Solutions include increasing preheat
temperatures and using low-hydrogen (H4 or H8) consumables.

« Lamellar Tearing: In thick plate joints with high restraint, the weld can pull the steel apart along its internal
layers. This is mitigated by using "clean" steels with low sulfur content and modifying joint designs to reduce
through-thickness strain.

« Distortion Control: Large bridge girders are prone to warping due to the heat of welding. Fabricators use
specialized sequences, such as back-stepping or skip-welding, and mechanical clamping to maintain dimensional
tolerances.

The 2021 FHWA Update and the Transition to D1.1

A noteworthy development in the regulatory landscape occurred in early 2021 when the Federal Highway
Administration (FHWA) issued a notice regarding the adoption of the 2016 second printing of the AWS D1.1/
D1.1M:2015 Structural Welding Code—Steelfor certain projects. The rationale behind this shift was that the
Structural Welding Code covers a broader range of project types requiring welding that may not fall strictly under
the high-performance bridge requirements of D1.5.

However, for the majority of primary load-carrying highway bridge members, AASHTO/AWS D1.5 remains the
mandatory standard. The move toward D1.1 in specific contexts represents an effort to streamline regulations
where the extreme fatigue and fracture control requirements of a primary bridge girder are not technically
necessary, such as in ancillary highway structures.



Summary of Broader Engineering Implications

The AASHTO/AWS D1.5 Bridge Welding Codeis more than just a set of instructions; it is a sophisticated
engineering document that integrates material science, structural design, and quality management. For the Senior
Technical Writer and SEO Content Strategist, it is essential to convey that compliance with this code is the bedrock
of infrastructure longevity. As bridge designs become more complex—incorporating longer spans and higher-
strength steels—the technical rigor of the D1.5 code will continue to evolve.

Fabricators, engineers, and inspectors must remain vigilant, staying updated on amendments like 2015-AMD21and
the latest FHWA directives. By strictly following the qualification procedures, utilizing the proper documentation
forms like O-3, and adhering to the rigorous Fracture Control Plan, the industry ensures that the bridges connecting
our communities remain safe for generations to come. The technical depth of this code reflects the high stakes of
bridge engineering, where there is no room for error, and every weld is a critical link in a massive, life-sustaining
network.
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