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The AWS D1.1/D1.1M: Structural Welding Code — Steelrepresents the definitive authority for the design,
fabrication, and inspection of welded steel structures. Established and maintained by the American Welding Society
(AWS), this document is the backbone of the North American construction industry, governing everything from high-
rise buildings and stadiums to complex industrial infrastructure. For engineers, quality assurance managers, and
professional welders, understanding the intricate nuances of AWS D1.1 is not merely a matter of compliance but a
critical requirement for ensuring structural integrity and public safety.

The Evolution and Scope of AWS D1.1

The origins of AWS D1.1 date back several decades, with the code undergoing significant evolution to keep pace
with advancements in metallurgy and welding technology. Notably, until 1988, the D1.1 code governed both general
buildings and bridges. However, the specialized requirements for highway bridges led to the creation of AASHTO/
AWS D1.5. Today, AWS D1.1 focuses strictly on carbon and low-alloy steels with a thickness of 1/8 inch (3mm) or
greater, and a minimum yield strength of 100 ksi (690 MPa) or less.

The code is structured into several core sections that provide a lifecycle approach to welding projects: Design of
Welded Connections, Prequalification of WPS, Qualification of Procedures and Personnel, Fabrication, and
Inspection. By adhering to these standards, organizations ensure that welding variables remain within controlled
limits, thereby producing predictable and repeatable mechanical properties in the finished weldment.

Core Theoretical Framework: Material Groupings and Base Metals

One of the most critical aspects of AWS D1.1 is its systematic categorization of base metals. To streamline the
qualification process, the code groups steels based on their chemical composition, weldability, and mechanical
properties. These groupings are essential for determining whether a Welding Procedure Specification (WPS)can
be prequalified or if it requires testing.

Material Categorization and Prequalification

AWS D1.1 allows for "Prequalified" status for certain common steel grades. This is a unique feature compared to
other codes like ASME Section IX. If a manufacturer uses specific approved base metals (such as ASTM A36,
A572, or A992), standard joint geometries, and follows prescribed welding parameters (current, voltage, travel
speed), they may be exempt from the costly and time-consuming task of performing Procedure Qualification
Record (PQR) testing.

The Role of Essential Variables

Essential variables are parameters that, if changed beyond a specific range, will affect the mechanical properties of
the weldment. Under AWS D1.1, these include:

¢ Base Metal Thickness: Moving outside the qualified thickness range (e.g., qualifying on 1/2 inch doesn't
automatically qualify for 2 inches).
¢ Welding Process: Switching from SMAW (Stick) to GMAW (MIG) requires new qualification.



« Filler Metal Classification: Changes in the tensile strength or chemical grouping of the electrode.
¢ Preheat and Interpass Temperature: Critical for preventing Hydrogen Induced Cracking (HIC), especially in
thick sections or cold-weather environments.

Technical Analysis: The WPS and PQR Workflow

The technical heart of AWS D1.1 lies in the transition from a Procedure Qualification Record (PQR) to a Welding
Procedure Specification (WPS). This process ensures that the proposed welding plan is capable of producing
welds with the required mechanical integrity.

1. Developing the PQR

When a procedure is not prequalified, a PQR must be conducted. This involves welding a test plate under strict
supervision, followed by destructive testing. The tests typically include:

« Tension Tests: To ensure the weld's ultimate tensile strength meets the minimum requirements of the base
metal.

« Bend Tests (Root, Face, or Side): To check for ductility and the presence of internal flaws or lack of fusion.

e Macro-etch Tests: Used primarily for fillet welds to verify penetration and fusion at the root.

¢ Charpy V-Notch (CVN) Impact Tests: Required only when specified in contract documents, assessing the
weld's toughness at specific temperatures.

2. Drafting the WPS

The WPS is the "recipe" used by the welder in the field. It translates the data from the PQR (or prequalified tables)
into actionable instructions. A valid WPS under AWS D1.1 must clearly state the joint design, welding process, filler
metal diameter, electrical characteristics, and shielding gas flow rates.

Comparison Matrix: AWS D1.1 vs. ASME Section IX

Engineers often work across different industries where different codes apply. While AWS D1.1 is for structural steel,
ASME Section IX is for pressure vessels and piping. The following table highlights the primary differences:



Feature

Prequalification

Standard Materials

Welder Qualification

WPS Format

Visual Acceptance

AWS D1.1 (Structural Steel)

Allowed for specific materials/joints.

Focus on ASTM structural grades.

Valid unless the welder doesn't weld
in the process for 6 months.

Strictly defined by AWS D1.1 Annexes.

Specific criteria for undercut and
porosity.

Fabrication and Workmanship Standards

ASME Section IX (Pressure Vessels)

Not allowed; all procedures must be
tested.

Focus on SA/SB pressure-rated
materials.

Valid unless the welder doesn't weld
in the process for 6 months.

Defined by ASME Section IX, more
flexible form.

General criteria, often supplemented
by Section VIILI.

The fabrication section of AWS D1.1 (Section 7) dictates the physical execution of the work. It covers tolerances for
alignment, preparation of base metals, and the specific limits for weld reinforcement.

Groove Weld Reinforcement Limits

Excessive reinforcement (the "bump" on top of the weld) is often viewed as a stress riser that can lead to fatigue

failure. AWS D1.1 provides specific limits for the maximum allowable reinforcement on butt joints. For most
structural applications, this reinforcement should not exceed 1/8 inch (3mm), though it varies based on the

thickness of the material and the service environment (static vs. cyclic loading).

Minimum Fillet Weld Sizes

One of the most frequently referenced tables in the code is Table 7.7 (formerly Table 5.8), which specifies the
minimum fillet weld size based on the thickness of the thicker part joined. This ensures that the weld has sufficient
heat input to prevent rapid cooling and cracking in the heat-affected zone (HAZ).



Base Metal Thickness (T) Minimum Fillet Weld Size

T"d 1/4" (6mm) 1/8" (3mm)
1/4" &It; T "d 1/2" (12mm) 3/16" (5mm)
1/2" &lt; T "d 3/4" (20mm) 1/4" (6mm)
T &gt; 3/4" (20mm) 5/16" (8mm)

Cold-Weather Welding Procedures

A significant challenge in structural steel erection is performing welds in cold environments. AWS D1.1 prohibits
welding when the ambient temperature is lower than 0°F (-18°C). When temperatures are low, the risk of hydrogen-
induced crackingincreases because the weld cools too quickly, trapping hydrogen in the lattice structure of the
steel.

Mitigation Strategies for Cold Weather:

1. Preheating: Using oxy-fuel torches or induction heating to raise the base metal temperature. This slows the
cooling rate and allows hydrogen to escape.

2. Sheltering: Building enclosures to protect the weld zone from wind and precipitation, which can cause rapid
guenching.

3. Low-Hydrogen Electrodes: Utilizing filler metals with "H4" or "H8" designations (indicating 4ml or 8ml of
diffusible hydrogen per 100g of weld metal) and ensuring they are stored in rod ovens.

Inspection and Quality Assurance

AWS D1.1 defines the responsibilities of the Inspector (often a Certified Welding Inspector or CWI). Inspection is
divided into three categories: Observation of the work, Inspection of the finished welds, and Review of
documentation (WPS, PQR, and Welder Performance Qualifications).

Non-Destructive Testing (NDT) Methods

 Visual Testing (VT): The most common method. The inspector checks for undercut, overlap, surface porosity,
and dimensional accuracy.

 Ultrasonic Testing (UT): Used to detect internal discontinuities like slag inclusions or lack of fusion in CIJP
(Complete Joint Penetration) welds.

¢ Radiographic Testing (RT): Using X-rays or Gamma rays to create a permanent record of the internal weld
quality.

* Magnetic Particle Testing (MT): Excellent for finding surface or slightly sub-surface cracks in ferromagnetic
materials.

The 2020 Edition: Key Changes and Updates

The 2020 edition of AWS D1.1 introduced several updates designed to modernize the code and align it with global
standards. Some of the most notable changes include:

e Restructuring: The code was reorganized to improve the flow of information, particularly regarding the
qualification sections.
* New Materials: Several high-strength steel grades were added to the prequalified list.



« Digital Radiography: Expanded guidance on the use of digital sensors for radiographic testing, moving away
from traditional film.

¢ WPS Flexibility: Clarifications on how to handle changes in essential variables without requiring full re-
qualification.

Case Study: Failure Analysis of Improperly Qualified Welds

In a hypothetical case study involving a commercial warehouse project, several moment connections failed during a
seismic event. Upon investigation, it was discovered that the contractor had used a prequalified WPS intended for
ASTM A36 steel on ASTM A913 Grade 65 steel. While both are structural steels, the A913 grade requires specific
heat input controls and preheat levels not covered by the standard A36 prequalification.

Lessons Learned:

« Verification: Always verify that the base metal on-site matches the Material Test Reports (MTRs) and the WPS.

» Essential Variable Control: A change in the grade of steel (even if both are "structural™) may require a new
WPS or at least a review of the Prequalification Table 5.3.

e Supervision: Welder performance must be monitored to ensure they are actually following the WPS
parameters (voltage, amperage, travel speed).

Practical Implementation Field Guide

For organizations looking to implement AWS D1.1 standards, follow this sequential checklist:

1. Material Identification: Identify all base metals and filler metals. Determine if they fall under the prequalified
list in Section 5.

2. WPS Development: Draft WPS documents for every joint type. Ensure they are signed and available to
welders.

3. Personnel Qualification: Test welders using the specific positions (1G, 2G, 3G, 4G) they will encounter in the
field. Document their results on a Welder Performance Qualification Record (WPQR).

4. Equipment Calibration: Ensure welding machines are calibrated annually so that the voltage/amperage
readings are accurate.

5. Continuous Inspection: Perform visual inspection before, during, and after welding. Do not wait until the end
of the project to begin NDT.

Conclusion: The Broader Implications of Compliance

Adherence to AWS D1.1 is more than a legal obligation; it is a commitment to engineering excellence. By providing
a standardized framework for welding, the code facilitates international trade, reduces the risk of structural failure,
and ensures that the infrastructure we rely on—from bridges to skyscrapers—is built to last. For the technical
professional, mastery of AWS D1.1 involves a deep dive into metallurgy, physics, and rigorous quality control. As
welding technology continues to advance with automation and new alloy developments, the Structural Welding
Code — Steel will remain the essential guide for shaping the modern world safely and efficiently.
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