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The AWS D1.1/D1.1M Structural Welding Code—Steelis widely regarded as the definitive authority for the
design, fabrication, and inspection of welded steel structures. Published by the American Welding Society (AWS),
this code is utilized globally in industries ranging from bridge construction and skyscraper fabrication to the
manufacturing of heavy machinery. For engineers, welding inspectors, and fabricators, understanding the nuances
of AWS D1.1 is not merely a regulatory requirement; it is a fundamental pillar of structural safety and integrity.

The Scope and Importance of AWS D1.1

The primary focus of AWS D1.1 is on carbon and low-alloy constructional steelswith a minimum thickness of
1/8 inch (3 mm) and a minimum yield strength of 100 ksi (690 MPa) or less. It provides the necessary framework to
ensure that every welded joint within a structure can withstand the intended loads over its service life. The code
covers a vast array of topics, organized into specific clauses that address everything from the design of joints to the
qualifications of the personnel performing the work.

When a project specification cites AWS D1.1, it mandates a high level of quality control. This includes the use of
Welding Procedure Specifications (WPS), the qualification of welders, and rigorous inspection protocols.
Adherence to these standards minimizes the risk of catastrophic structural failures, which is paramount in public
infrastructure and high-rise construction.

Core Structural Framework: Key Clauses of AWS D1.1

To navigate the document effectively, one must understand its internal structure. While versions are updated
periodically (such as the 2008 version mentioned in technical datasets or the more recent 2020 edition), the core
clauses usually remain consistent in their functional intent:

* Clause 1: General Requirements: Defines the scope, limitations, and responsibilities of the Engineer,
Contractor, and Inspector.

¢ Clause 2: Design of Welded Connections: Provides the engineering requirements for both statically and
cyclically loaded structures.

e Clause 3: Prequalification of WPS: Outlines the conditions under which a welding procedure is considered
"prequalified," exempting it from the requirement for testing.

¢ Clause 4: Qualification: Covers the testing required to qualify new Welding Procedure Specifications and the
performance of individual welders.

¢ Clause 5: Fabrication: Focuses on workmanship, base metal preparation, and the assembly of parts.

¢ Clause 6: Inspection: Details the visual and non-destructive testing (NDT) methods and the acceptance
criteria for welds.

e Clause 7: Stud Welding: Specific requirements for the application of shear connectors and other studs.

¢ Clause 8: Strengthening and Repair of Existing Structures: Procedures for retrofitting or repairing older steel
frameworks.

Material Groupings and Base Metal Selection

One of the most critical aspects of AWS D1.1 is the categorization of materials. Materials are grouped based on



their chemical composition, weldability, and mechanical properties. This grouping system is essential for

determining whether a Welding Procedure Specification (WPS)can be prequalified or if it requires full
qualification testing.

Material Classification Table

Below is a representation of how AWS D1.1 typically groups common structural steels to streamline the
qualification process.



Group Number Common Steel Grades Minimum Yield Strength Application Scope

(ksi)
Group | ASTM A36, A53 Gr. B, 36 -42 General structural
A500 Gr. A/B applications, low stress.
Group Il ASTM A572 Gr. 50, A992, 50 High-strength structural
A588 steel for buildings and
bridges.

Group llI ASTM A572 Gr. 60/65 60 - 65 Heavy industrial
frameworks and
specialized machinery.

Group IV ASTM A709 Gr. 100/100W 100 Extra-high strength for
critical load-bearing
members.

Selecting the correct material group is the first step in ensuring code compliance. If a base metal is not listed in the
code’s prequalified list (Table 3.1 in many editions), the contractor must perform a Procedure Qualification
Record (PQR) to prove that the proposed weld is sound.

The Concept of Prequalification (Clause 3)

A unique feature of AWS D1.1 compared to other codes like ASME Section IX is the concept of Prequalification. A
WPS is considered prequalified if it conforms to a set of pre-tested, historically proven variables. By following these
variables, a contractor can save significant time and money by avoiding the destructive testing required for a
standard qualification.

Requirements for Prequalified WPS

1. Weld Process: Must be SMAW, SAW, GMAW (except short-circuiting transfer), or FCAW.

2. Joint Geometry: Must follow specific joint designs (e.g., B-U2a, TC-U4a) detailed in the code.

3. Material: Base metals must be from the approved prequalified list.

4. Preheat and Interpass Temperature: Must adhere to the minimum requirements based on material thickness
and grade.

5. Filler Metal: Must be "matching" in terms of strength and composition.

If any of these parameters are deviated from—for instance, using a process not listed or a non-standard joint design
—the WPS must be qualified by testing under Clause 4.

Technical Analysis of Weld Reinforcement and Profiles

AWS D1.1 is highly specific about the geometry of the finished weld. A common point of technical inquiry is the
maximum allowable groove weld reinforcementon a butt joint. Excessive reinforcement is not just a waste of
filler metal; it creates a "stress riser" that can lead to fatigue cracking, especially in cyclically loaded structures.

Maximum Reinforcement Limits

For most structural applications under AWS D1.1, the maximum allowable reinforcement for a groove weld is 1/8
inch (3 mm). This applies to both the face and the root of the weld. If the reinforcement exceeds this height, it must
be ground smooth to meet the code requirements. This ensures a gradual transition from the weld metal to the



base metal, reducing the stress concentration at the weld toe.

Weld Profile Requirements

« Fillet Welds: Must have a slightly convex or flat face. Excessive convexity is prohibited as it creates sharp
angles at the toes.

¢ Undercut: The allowable depth of undercut depends on whether the load is static or cyclic. For static loads,
1/32 inch (1 mm) is typically the limit, whereas for cyclic loads, the requirements are much stricter.

e Overlap: This is a condition where the weld metal spills over the base metal without fusing. It is strictly
prohibited under Clause 5 (Fabrication) and Clause 6 (Inspection).

Step-by-Step Procedure for Qualifying a Welder (Performance Qualification)

Ensuring the skill of the individual welder is as important as the procedure itself. Clause 4 provides the roadmap for
Welder Performance Qualification (WPQ). Unlike procedure qualification, which tests the properties of the weld,
performance qualification tests the welder's ability to produce a defect-free weld.

The Qualification Workflow

1. Selection of Test Coupon: Based on the desired range of qualification (e.g., plate or pipe).

2. Position Selection: The position of the test (1G - Flat, 2G - Horizontal, 3G - Vertical, 4G - Overhead)
determines the range in which the welder is certified to work in the field.

3. Welding the Coupon: The welder must follow a qualified WPS while being observed by a Certified Welding
Inspector (CWI).

4. Visual Inspection: The completed weld is checked for cracks, undercut, and profile accuracy.

5. Mechanical Testing or NDT: The coupon is either subjected to Guided Bend Tests (to check for internal
fusion and cracks) or Radiographic Testing (RT).



Test Position Qualified Range (Production)

1G (Flat) Flat only.

2G (Horizontal) Flat and Horizontal.

3G (Vertical) Flat, Horizontal, and Vertical.

4G (Overhead) Flat and Overhead.

3G + 4G Combination All Positions (Flat, Horizontal, Vertical, Overhead).

Advanced Inspection and Quality Assurance (NDT)

Inspection is the final line of defense in structural integrity. AWS D1.1 Clause 6 mandates that all welds must
undergo Visual Inspection (VT). However, for critical joints, Non-Destructive Testing (NDT) is often required by the
Engineer of Record.

Common NDT Methods in AWS D1.1

» Radiographic Testing (RT): Uses X-rays or Gamma rays to see inside the weld. It is excellent for detecting
volumetric defects like porosity and slag inclusions.

 Ultrasonic Testing (UT): Uses high-frequency sound waves. It is highly effective for finding planar defects like
lack of fusion or cracks, especially in thick sections.

« Magnetic Particle Testing (MT): Used for detecting surface and near-surface discontinuities in ferromagnetic
materials.

e Liquid Penetrant Testing (PT): Used for detecting surface-breaking defects on both magnetic and non-
magnetic materials.

Acceptance Criteria for Statically vs. Cyclically Loaded Structures

One of the more complex parts of AWS D1.1 is the differentiation in acceptance criteria. Cyclically loaded
structures(like bridges or crane runways) have much more stringent requirements for allowable discontinuity sizes
because these structures are susceptible to fatigue. A flaw that is acceptable in a static building column may be a
cause for rejection in a bridge girder.

Practical Implementation: Developing a WPS for a Construction Project

To implement AWS D1.1 in a real-world scenario, a contractor must follow a systematic approach. Let's look at a
case study of a contractor building a high-rise office building using A992 steel.

Implementation Checklist

e Step 1: Review Contract Documents: Confirm that AWS D1.1 is the specified code. Determine if the structure
is statically or cyclically loaded.

e Step 2: Identify Base Metals: A992 is a Group Il material. This allows for the use of prequalified WPS if other
conditions are met.

» Step 3: Draft the WPS: Document all essential variables: SMAW process, E7018 low-hydrogen electrodes,
single-V groove joint, and required preheat (typically 50°F to 150°F depending on thickness).

e Step 4: Verify Personnel: Ensure all welders have current Welder Qualification Records (WQR) for the 3G and
4G positions to cover all field welding needs.



e Step 5: Inspection Schedule: Establish a timeline for the CWI to perform fit-up inspections, in-process
monitoring, and final visual/NDT testing.

Common Failure Modes and Troubleshooting

Even with a strict code, welding issues can arise due to environmental factors or operator error. Understanding
these failure modes is key to prevention.

1. Hydrogen-Induced Cracking (Cold Cracking)

This is a major concern in high-strength steels. It occurs when hydrogen is trapped in the weld metal. AWS D1.1
mitigates this by requiring low-hydrogen electrodes (like E7018) and specific preheat temperatures. If a
contractor fails to keep electrodes in a heated oven, the risk of cracking increases exponentially.

2. Lamellar Tearing

This is a type of cracking that occurs in the base metal underneath the weld, usually in thick T-joints or corner
joints. It is caused by high through-thickness strains. Troubleshooting involves using "buttered” layers or selecting
base metals with improved through-thickness properties (Z-grade steels).

3. Lack of Fusion

Often caused by improper heat input or incorrect electrode manipulation. In GMAW (MIG welding), using the short-
circuiting transfer modeon thick sections is a common cause of lack of fusion, which is why AWS D1.1 does not
allow this mode for prequalified procedures.

Broader Implications of AWS D1.1 Compliance

The reach of AWS D1.1 extends far beyond the welding booth. It influences the legal and insurance landscapes of
the construction industry. When a structure fails, the first question asked by investigators is whether the welding
was performed in accordance with the specified code. Documentation—specifically the WPS, PQR, and WQR—
becomes a legal shield for the contractor and engineer, proving that due diligence and industry standards were
followed.

Furthermore, as steel chemistry and welding technology evolve, the code evolves with it. The move towards digital
record-keeping and automated welding has prompted the AWS to continuously refine Clause 5 (Fabrication) and
Clause 6 (Inspection) to include modern methodologies. For the technical writer and engineer, staying current with
the latest errata and editions of AWS D1.1 is not just a matter of professional development; it is a commitment to
the safety of the built environment.

In summary, the AWS D1.1 Structural Welding Code—Steel is a comprehensive ecosystem of requirements that
ensures a common language of quality between the designer, the fabricator, and the inspector. By strictly adhering
to its material groupings, qualification protocols, and inspection criteria, the industry can continue to push the
boundaries of what is possible in steel construction while maintaining the highest levels of public safety.
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