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The AWS D1.1/D1.1M: Structural Welding Code — Steel is the foundational document for the design, fabrication,
and inspection of welded steel structures. Administered by the American Welding Society (AWS), this code
provides the engineering framework necessary to ensure the structural integrity of everything from high-rise
buildings and bridges to heavy equipment and industrial infrastructure. For senior welding engineers, quality
assurance managers, and metal fabricators, understanding the nuances of AWS D1.1 is not merely a matter of
compliance but a critical component of risk management and structural safety.

1.The Architecture of AWS D1.1: Scope and Application

The AWS D1.1 code specifically covers welding requirements for any type of welded structure made from
commonly used carbon and low-alloy steels. It is important to note that the code is restricted to steels with a
minimum yield strength of 100 ksi (690 MPa) or less and a thickness of 1/8 inch (3 mm) or greater. Structures
thinner than this typically fall under AWS D1.3 (Structural Welding Code — Sheet Steel).

The code is organized into several key sections, each addressing a specific phase of the welding lifecycle. These
include Design of Welded Connections, Prequalification of WPSs, Qualification (for both procedures and
personnel), Fabrication, and Inspection. The 2020 edition introduced significant reorganization, particularly moving
the qualification requirements from Clause 4 to Clause 6, a change that practitioners must account for when
referencing legacy documentation.

2. Understanding the Welding Procedure Specification (WPS)

A Welding Procedure Specification (WPS) is the formal document describing welding procedures. It provides
direction to the welder or welding operators for making production welds in accordance with Code requirements.
Within AWS D1.1, there are two primary pathways to establishing a WPS: Prequalified WPS and WPS Qualified
by Testing.

2.1. Prequalified WPS (Clause 5)

One of the unique features of AWS D1.1 is the allowance for prequalified welding procedures. If a fabricator
adheres to time-tested, proven parameters—including specific base metals, filler metals, joint geometries, and
preheat requirements—they can avoid the costly and time-consuming process of destructive testing. However, strict
adherence is mandatory. If any single parameter falls outside the Table 5.1 (Prequalified Variables)limits, the
WPS loses its prequalified status and must be qualified by testing.

2.2.WPS Qualified by Testing (Clause 6)

When a project requires a new material, a non-standard joint design, or a welding process not covered in Clause 5,
the WPS must be qualified via a Procedure Qualification Record (PQR). This involves welding a test coupon
under supervised conditions, followed by non-destructive and destructive testing (e.g., tension tests, bend tests,
and macroetch tests).



3.The Critical Role of Essential Variables

The concept of Essential Variablesis the cornerstone of welding quality control. An essential variable is a
parameter that, if changed beyond its permitted range, is considered to affect the mechanical properties of the
weldment. Any such change requires the development of a new WPS or a new PQR.

3.1. Common Essential Variables in AWS D1.1

¢ Process: Changing from SMAW (Stick) to GMAW (MIG) or FCAW (Flux-core).

« Filler Metal: A change in the AWS classification or F-number of the filler metal.

¢ Base Metal: Moving from a Group | steel (e.g., A36) to a Group lll steel (e.g., A572 Grade 65).

¢ Thickness: Qualification on a specific coupon thickness only covers a defined range of production thicknesses
(see Table 6.2).

 Position: While position is often a non-essential variable for the procedure (PQR) in other codes, AWS D1.1
requires specific consideration for vertical and overhead positions regarding heat input and progression.

¢ Preheat and Interpass Temperature: Decreasing the preheat temperature below the specified range is a
critical violation.

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

Many fabricators work across both structural and pressure vessel industries, leading to confusion between AWS
D1.1 and ASME Section IX. While both codes aim for quality, their methodologies differ significantly.



Feature

Prequalification

Essential Variables

Position Qualification

Standard Materials

Visual Inspection

AWS D1.1 (Structural)

Allowed (Clause 5) for specific joints/
materials.

Highly prescriptive; includes joint
geometry.

Specific positions (1G, 2G, etc.) limit
the WPS.

Carbon and Low-Alloy Steels only.

Strict criteria for undercut and porosity.

ASME Section IX (Pressure Vessel)

Not allowed; all procedures must be
tested.

Focuses on metallurgical and
mechanical properties.

Position is usually a non-essential
variable for PQR.

Comprehensive (Stainless, Aluminum,
Nickel, etc.).

Generally less prescriptive than AWS

onVT.

5. Welder Performance Qualification Record (WPQR)

While the PQR proves the process, the WPQR (Welder Performance Qualification Record)proves the
individual's skill. The goal is to determine if the welder can produce a sound weld using a qualified WPS. The
essential variables for performance (Table 6.12) differ from those of the procedure.

5.1. Position Qualification Limits

In structural welding, the position is the most restrictive variable for a welder. For instance, a welder who passes a
test in the 3G (Vertical) and 4G (Overhead)positions on plate is qualified to weld in all positions (Flat, Horizontal,
Vertical, Overhead) for production plate welding. However, pipe welding requires specific pipe tests (6G) to qualify
for all positions on both pipe and plate.

5.2. Testing Methods for WPQR

1. Visual Inspection (VT): The first line of defense. The weld must be free of cracks, have no excessive
undercut, and show complete fusion.

2. Bend Tests: Root, face, or side bends are performed to check for internal flaws. Any opening greater than 1/8
inch usually constitutes a failure.

3. Macroetch: Often used for fillet weld qualifications to ensure root penetration.

4. Radiographic Testing (RT): In many cases, RT can be used instead of mechanical bend tests for
performance qualification on groove welds.

6. Heat Input and Mathematical Models in Welding

For high-strength steels, controlling the Heat Inputis vital to maintain the toughness of the Heat Affected Zone
(HAZ). Senior writers and engineers must be able to calculate and document this variable.

The formula for Heat Input ($H$) is:
H = (V &times; A &times; 60) / (S &times; 1000)

Where:

H = Heat Input (kJ/in or kJ/mm)



V =Voltage (Volts)
A = Amperage (Amps)
S =Travel Speed (in/min or mm/min)

Under AWS DL1.1, if the heat input increases by more than 10% over the PQR value for quenched and tempered
steels, the procedure must be requalified, as excessive heat can soften the steel and reduce its load-bearing
capacity.

7.Technical Analysis of Joint Design (CJP vs. PJP)

AWS D1.1 distinguishes between Complete Joint Penetration (CJP) and Partial Joint Penetration (PJP)groove
welds. This distinction has profound implications for both design and qualification.

7.1. CIJP Groove Welds

CJP welds extend through the entire thickness of the base metal. They are considered to have the same strength
as the base metal and are typically required for critical, highly-stressed joints. Qualification for CJP typically
requires the use of backing (steel, ceramic, or copper) or back-gouging and welding from the second side.

7.2. PJP Groove Welds

PJP welds do not extend through the full thickness. These are often used in less critical applications or where
access to the back of the joint is impossible. AWS D1.1 Table 5.2 provides prequalified PJP joint geometries, but

the designer must account for the Effective Throatof the weld, which is often less than the depth of the groove
preparation.

8. Step-by-Step Guide to Qualifying aWPS

Following a systematic approach ensures that the resulting WPS is both code-compliant and practically useful in
the shop.

e Step 1: Selection of Base Metal: Identify the ASTM designation and group number from Table 3.1.

e Step 2: Selection of Welding Process: Choose SMAW, GMAW, FCAW, or SAW based on efficiency and
equipment availability.

e Step 3: Preliminary WPS (pWPS): Draft a trial document with the target parameters.

e Step 4: Welding the Test Coupon: Supervise the weld and record all actual parameters (Amps, Volts, Speed)
on the PQR.

e Step 5: Laboratory Testing: Send coupons for tensile, bend, or CVN (Charpy V-Notch) testing.

e Step 6: Documenting the PQR: Certify the results. The PQR must be signed by a company official.

e Step 7: Finalizing the WPS: Use the ranges permitted by the PQR (e.g., &plusmn;10% voltage) to create the
production WPS.

9. Troubleshooting Common Failure Modes in AWS D1.1 Qualification

Even experienced fabricators encounter failures during PQR or WPQR testing. Understanding the root causes is
essential for remedial action.



Failure Mode

Bend Test Fracture

Low Tensile Strength

Excessive Undercut

Porosity (GMAW)

Likely Cause

Lack of fusion or slag inclusions.

Incorrect filler metal match; excessive
heat input.

Travel speed too high; voltage too
high.

Loss of shielding gas coverage.

Solution

Increase current; ensure proper
cleaning between passes.

Verify filler metal classification;
increase travel speed.

Decrease voltage; slow down travel to
allow the puddle to fill.

Check for drafts; inspect gas lines and

nozzle for obstructions.

10.The Structural Implications of AWS D1.1 Compliance

The transition from raw technical data to field application is where the AWS D1.1 Codeproves its value. For project
owners and engineers, the presence of qualified WPSs and certified welders serves as a primary indicator of
quality management. In modern construction, the digital tracking of WPQRs and the automation of welding
parameters via smart power sources are becoming the norm, yet the underlying physics and code requirements
remain consistent.

As the industry moves toward more complex alloys and robotic automation, the core principles found in AWS D1.1
—controlling essential variables, verifying performance through destructive testing, and maintaining rigorous
documentation—remain the best defense against structural failure. Fabricators who invest in deep understanding of
the code don't just pass audits; they build a reputation for reliability in an industry where the margin for error is zero.

The future of structural welding continues to evolve with the integration of Industry 4.0, but the AWS D1.1standard
provides the necessary anchor, ensuring that innovation never comes at the expense of safety. By meticulously
documenting every PQR and WPQR, companies create a library of knowledge that streamlines future projects,
reduces rework, and ensures that every weld bead laid is a testament to engineering excellence.
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