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Introduction to the AWS D1.1 Structural Welding Code

The AWS D1.1/D1.1M: Structural Welding Code—Steel is perhaps the most widely recognized and utilized

welding standard in the world. Published by the American Welding Society (AWS), it serves as the foundational

regulatory framework for the design, fabrication, and inspection of welded steel structures. Whether it is a massive

skyscraper, a bridge spanning a canyon, or a simple industrial frame, adherence to AWS D1.1 ensures that the

structural integrity of the weldments meets the rigorous safety requirements necessary to protect human life and

property.

First introduced in the early 20th century, the code has evolved through decades of metallurgical research and 

engineering refinement. The current versions, including the 2015 and 2020 editions, address modern materials, 

advanced welding processes, and digital inspection technologies. This article provides a deep dive into the 

technical mechanics of the code, compares it with other relevant standards such as AWS D1.6 (Stainless Steel), 

and offers a guide for welders preparing for the Certified Welder examinations through the CCRM (Code Clinic 

Reference Manual).

The Scope and Framework of AWS D1.1

The AWS D1.1 code covers the welding requirements for any type of welded structure made from commonly used 

carbon and low-alloy steels. It specifically applies to steel thicknesses of 1/8 inch (3 mm) or greater and yields 

strengths up to 100 ksi (690 MPa). It is important to note that the code is divided into several critical sections,

known as clauses, which dictate every phase of the welding lifecycle.

The Core Clauses

•  Clause 1: General Requirements. Provides the fundamental scope and definitions used throughout the 

document.

•  Clause 2: Design of Welded Connections. Contains requirements for the design of both tubular and non-

tubular connections.

•  Clause 3: Prequalification of WPSs. This is one of the most significant sections, listing the requirements for 

Prequalified Welding Procedure Specifications (WPS), which allow contractors to bypass expensive mechanical 

testing if they follow strictly defined parameters.

•  Clause 4: Qualification. Covers the requirements for qualifying WPSs that are not prequalified, as well as the 

qualification of welding personnel (welders and welding operators).

•  Clause 5: Fabrication. Details the workmanship standards, including base metal preparation and assembly 

tolerances.

•  Clause 6: Inspection. Outlines the responsibilities of inspectors and the acceptance criteria for visual and Non-

Destructive Testing (NDT).

•  Clause 7: Stud Welding. Specific requirements for the welding of studs to steel.

•  Clause 8: Strengthening and Repair of Existing Structures. Guidelines for retrofitting and repairing older steel 



structures.

Technical Comparison: AWS D1.1 vs. AWS D1.6 vs. AWS D1.2

A common point of confusion for fabricators is determining which code applies to a specific material. While AWS 

D1.1 is the flagship code for carbon steel, other standards exist for different alloys. The AWS D1.6 standard 

governs Structural Stainless Steel Welding, while AWS D1.2 covers Structural Aluminum Welding. Below is a

structured comparison of these three essential codes.



Feature AWS D1.1 (Steel) AWS D1.6 (Stainless 
Steel)

AWS D1.2 (Aluminum)

Material Scope Carbon and Low-Alloy 
Steels

Austenitic, Ferritic, 
Martensitic Stainless

Structural Aluminum Alloys

Minimum Thickness 1/8 inch (3 mm) 1/16 inch (1.5 mm) 1/8 inch (3 mm) (typically)

Prequalification Extensive (Clause 3) Limited compared to D1.1 Not available; all 
procedures must be tested

Preheating Mandatory based on 
thickness/grade

Generally discouraged 
(prevents sensitization)

Strictly controlled to 
prevent strength loss

Primary Focus Structural load-bearing 
integrity

Corrosion resistance and 
structural integrity

Weight reduction and high 
strength-to-weight

The primary differentiator is Prequalification. Under AWS D1.1, if a fabricator uses a standard joint design (like a

B-U2a) and a standard process (like SMAW or GMAW) with specific filler metals, they do not need to perform a

tension test or a bend test to prove the weld works. In contrast, AWS D1.2 (Aluminum) requires virtually all

procedures to be qualified by testing due to the sensitive nature of aluminum metallurgy.

The Role of Preheating in Structural Steel Welding

One of the most critical technical aspects covered in the AWS D1.1 Codeis the requirement for preheating.

Preheating involves heating the base metal around the weld joint to a specific temperature before welding begins.

The primary objective is to slow the cooling rate of the weld and the heat-affected zone (HAZ), which offers several

engineering benefits.

Key Benefits of Preheating

1.  Reduction of Hydrogen-Induced Cracking (HIC): By slowing the cooling rate, preheating allows hydrogen gas 

to escape the weld metal more readily, preventing cold cracking.

2.  Reduced Hardness: It prevents the formation of brittle martensitic microstructures in the HAZ.

3.  Minimized Residual Stress: Preheating reduces the temperature gradient between the weld zone and the 

rest of the structure, lowering the risk of distortion and internal stress.

Determining Preheat Requirements

AWS D1.1 Table 3.2 (in older versions) and similar tables in the 2020 edition provide mandatory minimum preheat

and interpass temperatures. These requirements are based on:

•  Material Category: Steels are grouped (Groups I through IV) based on their chemical composition and 

strength.

•  Thickness of the Thickest Part: As the thickness increases, the heat sink effect becomes stronger, requiring 

higher preheat temperatures.

•  Welding Process: Processes like FCAW with low-hydrogen electrodes may have different requirements than 

standard SMAW.

For example, a high-strength steel with a thickness over 2.5 inches may require a minimum preheat of 225°F

(107°C), whereas a thinner 1/2-inch plate of mild steel may only require the base metal to be above 32°F (0°C).



The 2020 AWS D1.1 Edition: Key Updates and Changes

The 2020 edition of AWS D1.1 introduced several significant updates that engineers and CWI (Certified Welding

Inspectors) must understand. Technical writers and SEO strategists often highlight these changes because they

represent the current state-of-the-art in industry compliance.

Reorganization of Clauses

In previous versions, Clause 2 covered design for both tubular and non-tubular connections. The 2020 edition 

moved Tubular Structures to its own dedicated section (Clause 10). This change was made to streamline the

document, as tubular design involves complex geometric calculations and stress concentration factors that do not

apply to standard I-beams or plate fabrication.

NDT Personnel Qualification

The requirements for Non-Destructive Testing (NDT) personnel have been sharpened. The code now provides

clearer guidance on the certification levels (Level I, II, or III) required for technicians performing Ultrasonic Testing

(UT) or Radiographic Testing (RT) on structural welds. This ensures that the individuals interpreting the results

have the technical competency to distinguish between acceptable discontinuities and critical defects.

The CCRM and Code Clinic: Preparing for AWS Certification

For professionals seeking to become a Certified Welding Inspector (CWI) or a Certified Welder, the "Code 

Clinic" is an essential training phase. The CCRM (Code Clinic Reference Manual)is a study guide specifically

designed to help candidates navigate the 1,000+ pages of the AWS D1.1 code book.

How to Use the Code Clinic Study Guide

The AWS CWI exam is notorious for its difficulty, particularly the part involving the open-book code application. The

CCRM teaches candidates how to:

•  Quickly Locate Tables: Finding the correct preheat table or limitation of essential variables table in seconds.

•  Interpret Complex Footnotes: Many of the code's most critical requirements are hidden in the footnotes of 

tables.

•  Understand Joint Geometry: Decoding symbols like "R," "f," and "alpha" in prequalified joint diagrams.

Reviews of the Code Clinic for Study of AWS D1.1often highlight that the book is not a replacement for the code

itself but a roadmap. Without a structured study method, the sheer volume of data in D1.1 can be overwhelming for

fabricators transitioning into inspection roles.

Practical Implementation: Developing a WPS

A Welding Procedure Specification (WPS)is a formal document describing welding procedures. It is the "recipe"

that the welder must follow to ensure the weld meets code requirements. The creation of a WPS under AWS D1.1

follows a rigid technical workflow.

Step 1: Determine Prequalification Eligibility

The engineer checks Clause 3. If the material is a prequalified grade (e.g., ASTM A36), the joint is a standard

design, and the process is SMAW, GMAW (except short-circuit), or FCAW, the WPS can be written without testing.

Step 2: Define Essential Variables

The WPS must list essential variables, which include:



•  Process: E.g., Flux Cored Arc Welding (FCAW).

•  Filler Metal: E.g., E71T-1.

•  Current and Polarity: E.g., DCEP.

•  Gas Flow Rate: If using shielding gas.

•  Position: E.g., 3G (Vertical Up).

Step 3: Documentation (PQR)

If the procedure is not prequalified, a Procedure Qualification Record (PQR)must be generated. This involves

welding a test plate, performing mechanical tests (tension and bend tests), and recording the actual values used

during the weld. These values then "support" the WPS.

Comparison of Inspection Acceptance Criteria

AWS D1.1 provides different acceptance criteria depending on the type of loading the structure will experience: 

Statically Loaded versus Cyclically Loaded.



Discontinuity Type Statically Loaded Criteria Cyclically Loaded Criteria

Undercut Max 1/16" (1.6 mm) for most cases Strictly limited to 0.01" (0.25 mm) in 
tension areas

Porosity Limited based on diameter and 
frequency

Highly restricted; almost zero 
tolerance in critical zones

Incomplete Fusion Not allowed Not allowed

A "Statically Loaded" structure might be a simple warehouse frame, whereas a "Cyclically Loaded" structure might

be a crane runway or a bridge where the load is constantly applied and removed, leading to a higher risk of fatigue

failure. The inspection criteria for cyclic loading are significantly more stringent to mitigate the risk of crack initiation

over millions of cycles.

Troubleshooting Common Welding Failures in Structural Steel

Despite the existence of strict codes, welding failures occur. Most of these can be traced back to a deviation from

the AWS D1.1 requirements.

1. Lamellar Tearing

This occurs in thick plates where the shrinkage of the weld pulls on the plate in the through-thickness direction (Z-

direction). Solution:Use joints that reduce the strain on the base metal or specify steel with improved through-

thickness properties.

2. Lack of Fusion (LOF)

Common in GMAW when the arc does not melt the base metal properly. Solution:Check the WPS for the correct

voltage and travel speed. Ensure the welder is not "riding the puddle," where the molten metal flows ahead of the

arc.

3. Hydrogen Cracking

Usually occurs in the HAZ hours or days after welding. Solution:Ensure low-hydrogen electrodes (like E7018) are

kept in rod ovens at the correct temperature (min 250°F) to prevent moisture absorption.

Summary of Broader Implications

The AWS D1.1 Structural Welding Code is more than just a set of rules; it is a comprehensive system designed to

ensure the safety and longevity of the built environment. For the engineer, it provides a mathematical and

procedural basis for design. For the welder, it provides a clear set of expectations and a pathway to professional

certification. For the inspector, it offers the objective criteria necessary to distinguish between a safe weld and a

potential disaster.

As the industry moves toward more complex alloys and automated welding technologies, the fundamental

principles found in AWS D1.1—such as the importance of preheating, the necessity of procedure qualification, and

the rigor of visual inspection—remain as relevant as ever. Staying current with the latest 2020 updates and utilizing

study aids like the CCRM are vital steps for any professional involved in the fabrication of structural steel. By

adhering to these standards, the welding community continues to uphold the highest levels of integrity and public

safety in every bead of metal laid down across the globe.
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