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The integrity of highway infrastructure depends heavily on the precision of metal joining processes. In the United 

States, the governing standard for this discipline is the AASHTO/AWS D1.5 Bridge Welding Code. Unlike general

structural welding, bridge welding demands a higher threshold of fatigue resistance, fracture toughness, and

rigorous documentation due to the dynamic loads and environmental exposure these structures endure over

decades of service. This technical analysis explores the foundational requirements, procedural nuances, and the

critical differences between bridge welding and other structural standards.

The Regulatory Framework of AASHTO/AWS D1.5

The AWS D1.5 Bridge Welding Code is a collaborative publication between the American Association of State

Highway and Transportation Officials (AASHTO) and the American Welding Society (AWS). It covers the welding

requirements for welded highway bridges made from carbon and low-alloy constructional steels. The code is

periodically updated—most notably with the 2015 and 2020 editions—to incorporate advancements in metallurgy,

welding technology, and non-destructive testing (NDT) methodologies.

For engineers and fabricators, the code serves as more than a set of instructions; it is a legal requirement

mandated by state Departments of Transportation (DOTs). Compliance ensures that every weld—from the massive

plate girders of a suspension bridge to the secondary bracing of a highway overpass—meets a uniform standard of

safety and durability.

Core Scope and Materials

The code specifically targets steel structures with a thickness of 3mm (1/8 inch) or greater. The materials allowed 

are limited to specific AASHTO M270 (ASTM A709)steel grades, including Grade 36, 50, 50W, HPS 70W, and

HPS 100W. These steels are chosen for their specific mechanical properties, particularly their ability to withstand

atmospheric corrosion and brittle fracture at low temperatures.

Technical Mechanics: AWS D1.1 vs. AWS D1.5

One of the most common points of confusion in the fabrication industry is the distinction between AWS D1.1 

(Structural Welding Code – Steel) and AWS D1.5 (Bridge Welding Code). While both codes ensure structural

integrity, D1.5 is significantly more restrictive. A frequent adage among field welders is that "D1.5 is a different

animal," reflecting the increased difficulty in qualifying procedures and personnel.

Procedural Qualification Requirements

Under AWS D1.1, many welding procedures can be "pre-qualified," meaning they do not require physical testing if 

they follow established parameters. Conversely, AWS D1.5 requires almost all Welding Procedure 

Specifications (WPS) to be qualified by testing. This involves creating a Procedure Qualification Record (PQR)

where test plates are welded, then subjected to mechanical tests including tension tests, bend tests, and the critical

Charpy V-Notch (CVN) impact test.



Charpy V-Notch (CVN) Toughness

Bridges are subject to cyclical loading (fatigue) and extreme temperature fluctuations. To prevent catastrophic brittle

failure, D1.5 mandates CVN testing for both the weld metal and the heat-affected zone (HAZ). This ensures the

material remains ductile and can absorb energy even in sub-zero temperatures, a requirement rarely found in

standard D1.1 applications.



Feature AWS D1.1 (Structural) AWS D1.5 (Bridge)

Prequalified WPS Permitted for many joints. Very limited; testing is standard.

Fracture Critical Members Not specifically addressed as a 
separate plan.

Requires a rigorous Fracture Control 
Plan (FCP).

CVN Testing Only if specified in contract. Mandatory for most primary members.

Welder Qualification Valid indefinitely unless 6 months 
pass without use.

More frequent re-testing often 
required by State DOTs.

Consumable Storage Strict, but general. Highly specific moisture control for 
low-hydrogen electrodes.

The Fracture Control Plan (FCP)

A cornerstone of the AWS D1.5 code is the Fracture Control Plan for Nonredundant Members. Nonredundant

members, or Fracture Critical Members (FCMs), are components whose failure would likely result in the collapse of

the bridge. Because these members have no backup load path, the welding standards are elevated to the highest

possible level.

FCM Technical Requirements

•  Hydrogen Control: Low-hydrogen electrodes must be used, and their exposure to the atmosphere is strictly 

timed to prevent hydrogen-induced cracking.

•  Heat Input Control: Welders must maintain specific heat input ranges to ensure the grain structure of the steel 

remains optimal for toughness.

•  NDT Frequency: 100% of critical welds in FCMs often require Ultrasonic Testing (UT) or Radiographic Testing 

(RT) to ensure zero internal defects.

Welder Qualification: The 3G and 4G Challenges

To weld on bridge components, a welder must be certified according to the specific positions and processes they 

will use. The most common certifications involve the 3G (Vertical) and 4G (Overhead)positions. In the context of

bridge rehabilitation, where field welding is often necessary, these positions are the most difficult to master.

Testing Methodology

1.  Test Plate Preparation: Using AASHTO M270 steel, the welder prepares a V-groove butt joint with backing.

2.  Execution: The weld must be completed using the process intended for the field (e.g., SMAW or FCAW), 

adhering strictly to the WPS parameters.

3.  Visual and Mechanical Evaluation: The weld undergoes a visual inspection for undercut, porosity, and profile. 

Subsequently, side-bend or root/face-bend tests are performed to check for internal fusion defects.

Weld Mapping and Logs: Digital Traceability

In modern bridge fabrication, physical documentation is as important as the weld itself. Weld Maps and Weld Logs

are used to track every joint in the structure. As highlighted by Dutch engineering firms and Holland Applied

Technologies, the integration of "intelligent software" has revolutionized this process.



Components of a Weld Log

•  Weld ID: A unique identifier for every joint.

•  Welder ID: Links the weld to the specific certified individual.

•  WPS Reference: Ensures the correct procedure was followed.

•  NDT Results: Links the inspection report (UT, RT, MT) to the specific weld.

•  Consumable Batch: Tracks the specific lot of wire or electrodes used for metallurgical traceability.

This level of data granularity allows for rapid troubleshooting. If a specific batch of welding wire is found to be

defective, engineers can use the weld log to identify exactly which joints on the bridge were affected and require

remediation.

Bridge Rehabilitation and Field Welding Challenges

While shop fabrication is performed in controlled environments, bridge rehabilitation often requires field welding.

This presents several technical hurdles:

1. Environmental Contamination

Wind can dissipate shielding gas in FCAW-G or GMAW processes, leading to porosity. Consequently, Self-

Shielded Flux-Cored Arc Welding (FCAW-S) or Shielded Metal Arc Welding (SMAW) is frequently preferred for

field work due to their robustness against air drafts.

2. Preheating and Interpass Temperature

Existing bridge steel acts as a massive heat sink. Without proper preheating, the weld pool cools too rapidly,

forming brittle martensite in the HAZ. D1.5 provides strict tables for minimum preheat temperatures based on the

thickness of the thickest part being joined.

3. Geometry and Access

Rehabilitation often involves "out-of-position" welding in cramped quarters. This is where 3G and 4G certifications

become vital. Welders must maintain a consistent arc length and travel speed while fighting gravity, ensuring that

the weld metal does not sag or lack fusion at the toes.

The Role of the Certified Welding Inspector (CWI)

Under AWS D1.5, the Certified Welding Inspector (CWI) is the final line of defense. The CWI's responsibilities

include:

•  Verifying that all WPSs are approved and backed by PQRs.

•  Confirming that all welders possess current and valid certifications for the specific task.

•  Monitoring environmental conditions (humidity/temperature) and preheat applications.

•  Performing Visual Testing (VT) and overseeing NDT contractors.

•  Ensuring that all filler metals are stored in rod ovens at the correct temperature to prevent moisture pickup.

Comparative Analysis: Shop vs. Field Welding Standards



Criteria Shop Fabrication Field Rehabilitation

Controlled Environment Yes (Enclosed facilities) No (Subject to wind, rain, humidity)

Primary Processes Submerged Arc (SAW), GMAW SMAW, FCAW-S

Welder Fatigue Lower (Ergonomic stations) Higher (Difficult access/heights)

Inspection Access High (Parts can be rotated) Limited (Fixed position)

Quality Consistency Highly automated/repetitive Highly dependent on individual skill

Summary and Engineering Implications

The AWS D1.5 Bridge Welding Coderepresents a sophisticated intersection of metallurgy, structural engineering,

and quality assurance. By mandating rigorous procedure qualifications and focusing heavily on fracture toughness

through CVN testing, the code ensures that our highway infrastructure can withstand the harsh realities of dynamic

loading and environmental stress. 

For the contractor, success requires more than just skilled labor; it demands a robust administrative system for 

managing weld logs and mapping, a deep understanding of Fracture Control Plans, and a commitment to the

stringent requirements of State DOTs. As we move toward a future of "Smart Bridges," the data collected during

the D1.5 compliance process will likely serve as the baseline for digital twins and long-term structural health

monitoring, reinforcing the code's role as the foundation of modern infrastructure safety.
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