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In the domain of modern structural engineering, aluminum has emerged as a formidable alternative to traditional
carbon steel. Its high strength-to-weight ratio, exceptional corrosion resistance, and cryogenic performance make it
the material of choice for aerospace, marine, and specialized civil infrastructures. However, welding aluminum
presents a unique set of metallurgical challenges that differ significantly from steel. To address these complexities,
the American Welding Society established the AWS D1.2/D1.2M: Structural Welding Code—Aluminum. This
comprehensive code serves as the regulatory framework for any organization or engineer involved in the design,
fabrication, and inspection of aluminum structures.

The Fundamental Scope of AWS D1.2

AWS D1.2 covers the welding requirements for any type of structure made from aluminum structural alloys. It is
important to note a critical exclusion: the code does not apply to aluminum pressure vessels or pressure piping,
which are typically governed by the ASME Boiler and Pressure Vessel Code (Section IX). The AWS D1.2 standard
provides a unified set of rules for the qualification of welding procedures (WPS), the qualification of welding
personnel (WPQ), and the inspection criteria for finished welds.

Unlike AWS D1.1 (Steel), which allows for 'Prequalified" welding procedures under certain conditions, AWS D1.2
requires that almost all welding procedures be qualified by testing. This distinction is necessitated by the sensitivity
of aluminum to heat input and the vast differences in weldability between various aluminum alloy series.

Metallurgical Considerations: Why Aluminum is Different

To master AWS D1.2, one must first understand the physics of aluminum. Aluminum possesses a thermal
conductivity approximately five times higher than that of steel. This means heat is drawn away from the weld zone
rapidly, often requiring higher current settings or preheating to ensure proper fusion. Furthermore, aluminum has a
low melting point (~1,200&deg;F) compared to steel (~2,800&deg;F), but its surface is covered by a tenacious
Aluminum Oxide (AI203) layer that melts at roughly 3,700&deg;F. If this oxide layer is not properly removed or
managed during the welding process, it will result in lack of fusion and heavy inclusions.

The Classification of Aluminum Alloys

AWS D1.2 categorizes aluminum into various groups based on their chemical composition and reaction to heat.
Understanding these groupings is essential for selecting the correct filler metal and predicting the mechanical
properties of the weldment.

e 1xxx Series: Commercially pure aluminum. Excellent corrosion resistance, but low structural strength.

» 2xxx Series (Copper): High strength, often used in aerospace. These are generally considered difficult to weld
due to hot cracking sensitivity.

¢ 3xxx Series (Manganese): Moderate strength, non-heat treatable. Good weldability.

* 5xxx Series (Magnesium): High-strength non-heat treatable alloys. Excellent for marine applications.

e 6xxx Series (Magnesium and Silicon): The most common structural alloys (e.g., 6061-T6). These are heat-
treatable but suffer significant strength loss in the Heat Affected Zone (HAZ) during welding.



Establishing Welding Procedure Specifications (WPS)

A Welding Procedure Specification is the formal document that describes the shop or field welding practice. In AWS
D1.2, the WPS must be supported by a Procedure Qualification Record (PQR). The PQR documents the results
of actual test welds, including tensile tests and bend tests, to prove that the procedure produces welds with the

required mechanical properties.

Essential Variables in AWS D1.2
An essential variable is a parameter that, if changed beyond a specific range, requires the re-qualification of the
WPS. Key essential variables include:

1. Base Metal Change: Moving from one M-Number (Material Group) to another.
2. Filler Metal Type: Switching from a 4043 (Al-Si) filler to a 5356 (Al-Mg) filler.

3. Welding Process: Switching between GTAW (TIG) and GMAW (MIG).

4. Gas Composition: A change in the percentage of Argon/Helium shielding gas.

5. Thermal Conditions: A change in preheat temperature or the use of post-weld heat treatment.

Comparison: AWS D1.1 (Steel) vs. AWS D1.2 (Aluminum)



Feature AWS D1.1 (Steel) AWS D1.2 (Aluminum)

Prequalified WPS Allowed for specific joints/processes Not Allowed (Testing required)

Cleaning Requirements Standard (Remove scale/rust) Critical (Oxide removal &amp; Solvent
cleaning)

Thermal Conductivity Low Very High (5x higher)

Filler Metal Selection Matching tensile strength usually Based on cracking, strength, and
color match

Visual Appearance Smooth ripples, darker color Shiny, bright, sensitive to soot/
oxidation

Welder Performance Qualification (WPQ)

Qualifying the welder is just as critical as qualifying the procedure. AWS D1.2 dictates the testing required to

ensure a welder possesses the skill to deposit sound weld metal. For example, a common structural test involves
the 3G position (Vertical Up)on 6061-T6 plate using the TIG process. Success in this test generally qualifies the
welder for flat, horizontal, and vertical positions.

Testing Criteria for WPQ

During a qualification test, the inspector looks for specific attributes:

¢ Root Penetration: The weld must fully penetrate the joint root without excessive burn-through.

¢ Fusion: Complete fusion between the weld metal and the base metal.

e Porosity Limits: Aluminum is highly susceptible to hydrogen porosity; the WPQ test evaluates the welder's
ability to maintain a clean environment and proper gas coverage.

« Bend Tests: Standard guided bend tests (Root, Face, or Side) are used to detect internal flaws that are not
visible to the naked eye.

Technical Breakdown: Cleaning and Preparation Protocols

Preparation is 90% of the battle in aluminum welding. AWS D1.2 emphasizes workmanship standards that prevent
contamination. Hydrogen is the primary cause of porosity in aluminum welds, and it usually enters the weld pool via
moisture, oil, or the thick oxide layer on the base material.

The Mechanical and Chemical Cleaning Workflow

1. Degreasing: Use a non-chlorinated solvent (like acetone) to remove oils and shop grease. Chlorinated
solvents can produce toxic phosgene gas when exposed to the UV light of the welding arc.

2. Oxide Removal: Use a dedicated stainless steel wire brush. This brush should never have been used on
steel, as it would embed iron particles into the aluminum, causing galvanic corrosion.

3. The "Ten-Minute Rule": In high-humidity environments, aluminum should be welded within minutes of
cleaning. If the material sits for too long, the oxide layer begins to reform and absorb atmospheric moisture.

Joint Design and Geometry

Structural integrity depends heavily on joint geometry. AWS D1.2 provides detailed diagrams for Groove and Fillet
welds. Because aluminum is prone to crater cracking, the code often specifies the use of start and stop tabs (run-



off tabs) to ensure that the weld begins and ends outside the actual structural joint.

Common Joint Types in Structural Aluminum

e Butt Joints: Single-V or Double-V grooves are common for thicker sections.

* T-Joints: Fillet welds are the most common application, requiring specific leg lengths to achieve the required
design throat.

e Lap Joints: Frequently used in sheet applications where structural loads are lower.

Inspection and Non-Destructive Testing (NDT)

Once the fabrication is complete, the welds must be evaluated against the Acceptance Criteriafound in Section 5
of AWS D1.2. The code defines the allowable limits for discontinuities like undercut, overlap, and porosity.

Standard Inspection Methods

1. Visual Testing (VT): The primary method. It checks for surface cracks, craters, and dimensional accuracy.

2. Liquid Penetrant Testing (PT): Because aluminum is non-magnetic, Magnetic Particle Testing (MT) cannot be
used. PT is the go-to method for finding surface-breaking cracks.

3. Radiographic Testing (RT): Used for critical structural welds to find internal porosity, slag, or lack of fusion.

4. Ultrasonic Testing (UT): Increasingly used for volumetric inspection of thick-section aluminum welds.

Case Study: Addressing 6061-T6 Strength Loss

A frequent challenge in structural aluminum welding is the reduction of strength in 6061-T6 alloys. In its T6 (solution
heat-treated and artificially aged) state, 6061 has a yield strength of approximately 35,000 psi. However, the heat of
welding acts as a local annealing process. The Heat Affected Zone (HAZ)can see a strength reduction of up to
40-50%.

Solution and Engineering Workarounds

Engineers complying with AWS D1.2 must account for this "as-welded" strength in their calculations. The code
provides specific allowable stress values for welded aluminum. In some high-performance applications, the entire
structure may be post-weld heat treated to a T4 or T6 condition to restore properties, though this is often
impractical for large-scale structures like bridges or ships.

Troubleshooting Common Defects in D1.2 Compliance

Even with a qualified WPS, defects can occur. The table below outlines common issues and their technical
remedies according to standard aluminum welding best practices.



Defect Probable Cause Technical Solution

Porosity Hydrogen contamination from Ensure dry shielding gas; check for
moisture or hydrocarbons. leaks in hoses; use solvent

degreasing.

Solidification Cracking High restraint or incorrect filler metal Increase weld cross-section; select
choice (e.g., using 4043 on high-Mg 5356 filler for 5xxx series; adjust
alloys). cooling rate.

Lack of Fusion Inadequate heat or oxide layer Increase amperage; check polarity
interference. (ensure DCEP for MIG or AC for TIG);

thorough brushing.

Soot/Smut (Black Film) Manganese/Magnesium vaporization Tighten arc gap; check gas flow rate;
due to excessive arc length. clean base metal more thoroughly.

Summary of Broader Engineering Implications

Compliance with AWS D1.2 is not merely a bureaucratic requirement; it is a critical safety protocol. As aluminum
becomes more prevalent in structural applications—ranging from light-rail cars to offshore platforms—the demand
for skilled welders and technicians who understand these standards is at an all-time high. The code ensures that
despite the metallurgical quirks of aluminum, the resulting structures are as reliable and safe as their steel
counterparts.

Success in this field requires a holistic approach. It begins with the engineer selecting the right alloy and joint
design, continues through the procurement of certified filler metals, and relies on the welder's discipline in following
the WPS and maintaining cleanliness. By adhering to the rigorous testing and documentation standards of AWS
D1.2, fabrication shops can guarantee performance, minimize liability, and contribute to the advancement of
aluminum as a primary structural material in the 21st century.

Ultimately, the Structural Welding Code—Aluminum provides the technical language that allows designers and
fabricators to communicate effectively. Whether it is a TIG-welded 6061-T6 plate for a custom bracket or a massive
MIG-welded marine hull, the principles of AWS D1.2 remain the foundation of quality and structural integrity in the
aluminum world.
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