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The AWS D1.6 Structural Welding Code—Stainless Steel serves as the definitive regulatory framework for the
design, fabrication, and inspection of welded stainless steel structures. Since its inception in 1999 and through its
subsequent revisions, including the pivotal 2017 edition and its amendments, this code has provided engineers,
fabricators, and inspectors with the technical parameters necessary to ensure the structural integrity of stainless
steel components. Unlike carbon steel codes, AWS D1.6 addresses the unique metallurgical challenges inherent in
stainless alloys, such as carbide precipitation, distortion control, and the maintenance of corrosion resistance
during and after the thermal cycles of welding.

The Evolution and Scope of AWS D1.6

The transition from general welding practices to the specialized requirements of AWS D1.6 was driven by the
increasing use of stainless steel in architectural, industrial, and infrastructure projects. The code governs structures
where at least one of the base metals being joined is stainless steel, specifically those with a thickness of 1/16 inch
(1.5 mm) or greater. This includes a wide range of alloy classes: Austenitic, Ferritic, Martensitic, Duplex, and
Precipitation-Hardening stainless steels.

It is essential to distinguish AWS D1.6 from other codes like AWS D1.1 (Structural Welding Code—Steel) or AWS
D1.5(Bridge Welding Code). While D1.1 focuses on carbon and low-alloy steels, D1.6 accounts for the significantly
different physical properties of stainless steel, such as a higher coefficient of thermal expansion and lower thermal
conductivity. Failure to adhere to D1.6-specific guidelines when working with stainless steel can lead to
catastrophic structural failures, localized corrosion (pitting/crevice), or excessive warping that renders components
unusable.

Core Metallurgical Considerations in Stainless Steel Welding

Understanding the technical requirements of AWS D1.6 requires a foundational grasp of stainless steel metallurgy.
The code categorizes materials into groups to simplify the qualification process, but the welder must remain
cognizant of the following phenomena:

¢ Sensitization: In austenitic steels, exposure to temperatures between 800°F and 1500°F (425°C-815°C) can
cause chromium carbides to precipitate at grain boundaries. This depletes the surrounding area of chromium,
leading to Intergranular Corrosion (IGC).

¢ Heat Input Management: High heat input can expand the Heat Affected Zone (HAZ) and promote grain growth
in ferritic steels, reducing toughness. D1.6 provides guidelines for Essential Variables that limit heat input during
procedure qualification.

¢ Coefficient of Thermal Expansion: Austenitic stainless steels expand approximately 50% more than carbon
steels when heated. This necessitates advanced jigging, fixture strategies, and specific welding sequences to
mitigate residual stress and distortion.

Comparison of Material Properties: Stainless vs. Carbon Steel

The following table illustrates why a separate code (D1.6) is necessary for structural stainless steel compared to



the standard carbon steel code (D1.1).



Property Austenitic Stainless (e.g., Carbon Steel (e.g., A36) Impact on Welding

304/316) Procedure
Thermal Conductivity Low (Approx. 1/3 of Carbon High Heat stays localized; higher
Steel) risk of burn-through and
distortion.
Thermal Expansion High (Approx. 1.5x of Moderate Significant warping;
Carbon Steel) requires strict tacking and
sequencing.
Surface Oxide Refractory Chromium Oxide Iron Oxide (Rust) Requires specialized

cleaning and shielding
gases (Argon/Helium).

Melting Point Slightly Lower Slightly Higher Requires lower current/
voltage settings for similar
thicknesses.

Prequalification of Welding Procedure Specifications (WPS)

One of the most efficient paths within AWS D1.6 is the Prequalification status (Clause 5). A Prequalified WPS
allows a manufacturer to use documented, proven welding parameters without the need for initial destructive
testing, provided they stay within strict boundaries defined by the code.

Requirements for Prequalified Status

1. Base Metal Groups: Only specific base metals listed in Table 5.2 of the code (mostly austenitic types like
304, 304L, 316, 316L) are eligible for prequalification.

2. Filler Metals: The filler metal must be matched to the base metal according to Table 5.1. For example, E308L
electrodes are required for 304L base metals to maintain the low-carbon benefits.

3. Joint Geometry: Only specific joint designs (CJP and PJP groove welds and fillet welds) that meet the
requirements of Clause 5.10 are permitted.

4. Welding Processes: Prequalification is generally limited to SMAW (Shielded Metal Arc Welding), GMAW
(Gas Metal Arc Welding - excluding short-circuiting transfer), FCAW (Flux Cored Arc Welding), and SAW
(Submerged Arc Welding).

If a project utilizes GTAW (Gas Tungsten Arc Welding) or involves non-listed alloys like certain Duplex grades, the
Welding Procedure Specification (WPS) must be qualified by testing according to Clause 6.

Procedure and Performance Qualification (Clause 6)

When prequalification is not applicable, a Procedure Qualification Record (PQR)must be established. This
involves welding a test plate, performing non-destructive and destructive tests (tensile, bend, macroetch), and
documenting the results.

Essential Variables in AWS D1.6

An essential variable is a parameter that, if changed beyond the allowed range, requires the WPS to be requalified.
These are detailed in Table 6.1 of the 2017 code. Key variables include:

¢ Change in Base Metal Group: Moving from an Austenitic group to a Duplex group.
 Filler Metal Classification: A change in the AWS classification of the electrode or wire.



* Shielding Gas: A change in gas composition (e.g., from 100% Argon to an Argon/CO2 mix).
e Heat Input: An increase of more than 10% in heat input for certain sensitive alloys.
e Position: A change from vertical to overhead, depending on the specific qualification requirements.

Welder Performance Qualification (WPQ)

The code distinguishes between the qualification of the procedure and the qualification of the person. A welder who
passes a test according to AWS D1.6 is certified to weld within specific limits. For instance, according to Clause
6.7.2, a Partial Joint Penetration (PJP) groove weld qualification in any position generally qualifies the welder for
all positions for that specific joint type. However, Complete Joint Penetration (CJP)welds in the 6G pipe position
provide the broadest range of qualification.

Fabrication and Technical Workflows

Execution in the shop or field requires strict adherence to cleanliness and environmental controls. Contamination
is the primary enemy of structural stainless steel. Even minor contact with carbon steel tools can embed iron
particles into the stainless surface, leading to localized galvanic corrosion.

The Stainless Steel Fabrication Checklist

¢ Tool Segregation: Use only stainless steel wire brushes, grinding wheels, and hammers. Never use tools
previously used on carbon steel.

e Surface Preparation: Remove all grease, oil, and marking crayons using chloride-free solvents. Chlorides are
a major cause of Stress Corrosion Cracking (SCC) in stainless steels.

 Fit-up and Tacking: Ensure the root gap is consistent. Tacks should be performed by qualified welders and
must be cleaned of any slag or oxidation before being incorporated into the final weld.

¢ Back-Shielding: For high-quality CJP welds (especially GTAW), an inert gas purge on the root side is often
necessary to prevent "sugar" (heavy oxidation) which compromises the weld's underside.

Calculated Heat Input Formula
Engineers must often calculate heat input to ensure the WPS remains within its PQR limits. The formula is
expressed as:

H = (V &times; | &times; 60) / (S &times; 1000)

Where:
- H = Heat Input (kJ/mm or kJ/in)
V= Voltage (Volts)
| = Current (Amperes)
S = Travel Speed (mm/min or in/min)

In AWS D1.6, maintaining a low heat input is critical for sensitization preventionin alloys like 304 and 316. If the
heat input exceeds the PQR limits, the corrosion resistance of the finished structure may be nullified.

Inspection and Acceptance Criteria (Clause 8)

Inspection is the final gatekeeper of structural integrity. AWS D1.6 defines both Visual Inspection (VT) and Non-
Destructive Testing (NDT) standards. Acceptance criteria are typically categorized by the type of loading the
structure will experience: Static or Cyclic.

Visual Inspection (VT) Standards



Discontinuity Acceptance Criteria (Static Loading)

Crack Prohibition No cracks are permitted, regardless of size or location.

Weld/Base Metal Fusion Thorough fusion shall exist between adjacent layers of weld
metal and base metal.

Crater Cross Section All craters shall be filled to provide the specified weld size.

Undercut Shall not exceed 1/32 in. (1 mm) for material &It; 3/8 in.
thick.

Porosity Sum of diameters of visible piping porosity shall not exceed

3/8 in.in any linear inch.

Non-Destructive Testing (NDT) Methods

1. Liquid Penetrant Testing (PT): Widely used for stainless steel because it is non-magnetic, making Magnetic
Particle Testing (MT) ineffective for austenitic grades. PT is excellent for detecting surface-breaking cracks and
porosity.

2. Radiographic Testing (RT): Used to inspect the internal volumetric integrity of CJP groove welds.

3. Ultrasonic Testing (UT): Applicable for thicker sections, though the coarse grain structure of some stainless
welds can make UT signal interpretation challenging, often requiring specialized probes and techniques.

Troubleshooting Common Failure Modes in D1.6 Implementation

Even when following the code, technical challenges arise. Addressing these requires an engineering-first approach
to troubleshooting.

1. Excessive Distortion

Cause: High heat input combined with the high expansion coefficient of stainless steel.Solution:Utilize "skip
welding" or "backstep" techniques to distribute heat. Increase the number of smaller tacks. Use water-cooled chill
bars to sink heat away from the HAZ.

2. Carbide Precipitation (Sensitization)

Cause: Slow cooling or high interpass temperatures (typically exceeding 350°F/175°C).Solution:Use  low-carbon
"L" grade base and filler metals (e.g., 316L). Monitor interpass temperatures with contact pyrometers. Reduce the
weld bead size to allow for faster cooling.

3. Hot Cracking (Solidification Cracking)

Cause: Fully austenitic weld deposits can be susceptible to hot cracking due to the presence of low-melting-point
elements like sulfur and phosphorus.Solution: Ensure the filler metal provides a small amount of Delta Ferrite
(typically 3-8 FN or Ferrite Number). Ferrite has a higher solubility for these impurities, preventing them from
forming cracks during solidification. Use the DeLong or WRC-1992 diagrams to predict ferrite content.

Summary of Strategic Implementation

The successful application of the AWS D1.6 code is not merely a matter of following a checklist; it requires a
holistic understanding of how thermal cycles interact with stainless steel chemistry. From the initial design phase—
where engineers must select the appropriate joint geometries for static or cyclic loads—to the final inspection



where NDT methods like PT ensure surface integrity, every step is interconnected.

For fabricators, the 2017 edition (including AMD1) provides a robust framework that, when correctly implemented
through Prequalified WPS or tested PQRSs, ensures that the structural benefits of stainless steel—its longevity,
strength-to-weight ratio, and aesthetic appeal—are fully realized without compromising safety. As the industry
moves toward more complex alloys and thinner, more efficient structural designs, the technical depth of AWS D1.6
remains the bedrock of modern stainless steel engineering.
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