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In the expansive landscape of structural engineering and metal fabrication, precision is the cornerstone of safety
and longevity. Among the various standards established by the American Welding Society (AWS), the AWS D1.3/
D1.3M Structural Welding Code—Sheet Steelstands as a critical document for engineers, inspectors, and
fabricators. While heavy structural steel often falls under the jurisdiction of AWS D1.1, the unique physical and
thermal properties of sheet steel necessitate a specialized set of rules. Sheet steel, defined primarily by its
thickness and yield strength, behaves differently under the arc, requiring distinct methodologies for joint design,
procedure qualification, and quality assurance.

The Fundamental Scope of AWS D1.3

The AWS D1.3 code is specifically tailored to address the welding requirements of sheet steel that has a minimum
specified yield point no greater than 80 ksi (550 MPa). This scope encompasses both carbon steel and low-alloy
steel. A primary distinction that sets D1.3 apart from other structural codes is the thickness limitation. In the context
of this standard, sheet steel refers to materials that are 3/16 inch (4.8 mm)or less in thickness. When designers or
contractors move into thicker materials, the transition to AWS D1.1 (Structural Welding Code—Steel) becomes
necessary.

The code is designed to provide a standardized framework for the welding of structural sheet steel to other sheet
steel members or to supporting structural steel members. This is particularly relevant in the construction of cold-
formed steel framing, metal decking for floors and roofs, and various automotive and industrial applications where
lightweight yet strong steel components are utilized. By adhering to D1.3, professionals ensure that the welded
connections can withstand the calculated loads and environmental stresses inherent in the structure's lifecycle.

The Crucial Overlap: AWS D1.1 vs. AWS D1.3

One of the most frequent points of confusion in the field is determining which code applies when material
thicknesses fall between 1/8 inch and 3/16 inch. As per technical standards, AWS D1.1 typically covers materials
1/8 inch (3 mm) and thicker, while AWS D1.3 covers materials 3/16 inch (4.8 mm)and thinner. This overlap
creates a strategic choice for the Engineer of Record. Generally, if the primary structure is composed of heavy
sections (beams, columns) with thin attachments, D1.1 may be used for the entire project. However, if the structure
is predominantly cold-formed sheet steel, D1.3 provides the more accurate testing and qualification protocols for
those specific heat-sensitive thicknesses.



Feature/Metric AWS D1.1 (Steel) AWS D1.3 (Sheet Steel)

Primary Thickness Range 1/8 inch (3 mm) and thicker 3/16 inch (4.8 mm) and thinner

Yield Strength Limit Varies by grade Up to 80 ksi (550 MPa)

Typical Applications Bridges, Buildings, Heavy Frames Metal Decks, Cold-Formed Joists,
HVAC

Qualification Focus Structural integrity and ductility Burn-through prevention and fusion

Joint Types Groove, Fillet Arc Spot, Arc Seam, Lap, Fillet

Technical Analysis of Welding Processes in D1.3

AWS D1.3 recognizes several primary welding processes. Each process offers different advantages in terms of
heat input, penetration, and deposition rate, which are critical factors when dealing with thin gauge materials
susceptible to burn-through or excessive distortion.

* Shielded Metal Arc Welding (SMAW): Often referred to as stick welding, SMAW is widely used in field
applications. However, on very thin sheet steel, the high heat intensity and the need for frequent electrode changes
can make it challenging.

¢ Gas Metal Arc Welding (GMAW): Commonly known as MIG welding, this process is highly efficient for sheet
steel due to its continuous wire feed and adjustable voltage settings. Short-circuit transfer (GMAW-S) is particularly
favored for thin gauges as it minimizes heat input.

e Flux Cored Arc Welding (FCAW): Mentioned frequently in technical flashcards and study guides, FCAW
(specifically the self-shielded variety) is excellent for outdoor structural sheet steel work where wind might interfere
with shielding gases.

e Gas Tungsten Arc Welding (GTAW): TIG welding provides the highest level of precision and is often used for
specialized sheet steel applications where aesthetic quality and ultra-low heat input are required.

¢ Submerged Arc Welding (SAW): While less common for very thin sheets, SAW can be utilized in automated
shop environments for long, continuous seams on thicker range sheet steel.

Addressing theYield Point Constraints

The 80 ksi limit specified in AWS D1.3 is not an arbitrary number. Sheet steel is often cold-worked to achieve

higher yield strengths. However, the application of welding heat can cause localized annealing, significantly
reducing the strength of the material in the Heat Affected Zone (HAZ). For materials exceeding 80 ksi, the code
requires special considerations and testing because the structural behavior of the joint may no longer align with the
standard empirical formulas provided in the D1.3 manual.

Detailed Joint Design and Connection Types

In the world of sheet steel, joint design is dictated by the method of assembly and the load path. Unlike heavy plate
welding, where full penetration groove welds are standard, sheet steel relies heavily on surface-area-based
connections. The following table highlights the common joint types governed by AWS D1.3.



Weld Type Description Typical Use Case

Arc Spot Welds Often called "puddle welds," these are Securing steel decking to structural
made by melting through one sheet beams.
into the supporting member.

Arc Seam Welds An elongated arc spot weld. Joining overlapping sheets along a
longitudinal axis.

Fillet Welds A weld of approximately triangular Connecting a sheet edge to a flat
cross-section joining two surfaces at surface.
right angles.

Flare-Bevel-Groove Welds placed in the groove formed by Joining cold-formed C-channels back-
a curved edge (like a cold-formed to-back.
corner).

Lap Welds A weld made along the edge of an General assembly of thin-gauge
overlapping sheet. components.

The Mechanics of the Arc Spot Weld

The Arc Spot Weldis perhaps the most iconic connection in D1.3. Unlike a mechanical fastener, the arc spot weld
creates a metallurgical bond between the sheet and the substrate. The calculation of the effective diameter of the
weld is paramount. The structural capacity is determined by the formula related to the perimeter of the weld and the
thickness of the sheet. Engineers must ensure that the welding current is sufficient to penetrate the top sheet and
fuse into the base metal without creating a "volcano" effect or leaving a hollow crater.

Procedure and Performance Qualification

One of the core tenets of the Senior Technical Writer’s approach to AWS D1.3 is the distinction between WPS
(Welding Procedure Specification) and PQR (Procedure Qualification Record). For a welding operation to be
code-compliant, the procedures must be proven effective before production begins.

Prequalification vs. Qualification by Test

AWS D1.3 allows for certain joints to be "prequalified.” This means that if a contractor uses specific joint
geometries, materials, and parameters that have been historically proven to work, they do not need to perform
destructive testing to qualify the procedure. However, many sheet steel applications, particularly those involving
unconventional thicknesses or positions, require Qualification by Test.

The qualification process typically involves:

1. Preparation of Test Coupons: Welding samples that mimic the production joint.

2. Visual Inspection: Checking for cracks, undercut, and proper profile.

3. Destructive Testing: This often includes Bend Tests or Tension Tests. For arc spot welds, a "shear test" or
"peel test" might be used to ensure the weld nugget is of sufficient size and strength.

4. Documentation: Recording all variables (voltage, amperage, travel speed, gas flow) on the PQR and then
distilling them into a WPS for the welder to follow.

Workmanship, Quality Control, and Inspection Criteria

In sheet steel welding, the margin for error is razor-thin. A slight increase in travel speed can lead to lack of fusion,



while a slight decrease can cause a hole to be blown through the material. Inspection according to AWS D1.3
focuses heavily on Visual Inspection (VT).

Common Defects in Sheet Steel Welding

The inspector must be vigilant for several specific defects:

e Burn-through: A hole in the sheet metal caused by excessive heat.

e Undercut: A groove melted into the base metal adjacent to the weld toe and left unfilled by weld metal. In thin
sheets, undercut can significantly reduce the cross-sectional area and lead to premature failure.

e Overlap: When the weld metal rolls over the surface of the base metal without fusing.

e Porosity: Gas pockets trapped in the weld, often caused by contaminated surfaces or loss of shielding gas.

» Crater Cracks: Small cracks at the end of a weld bead if the welder pulls away too quickly without filling the
crater.

Dimensional Tolerances

AWS D1.3 specifies strict tolerances for weld sizes. For a fillet weld, the weld size must meet the design thickness
specified in the blueprints. For arc spot welds, the minimum visible diameter is a key metric. Inspectors use
specialized gauges to ensure that the effective throat of the weld is sufficient to carry the design load.

Practical Field Guide: Implementation Best Practices

Successful implementation of AWS D1.3 in a project requires a proactive approach from the pre-construction
phase through to final inspection. Follow these technical guidelines for optimal results:

1. Material Preparation

Sheet steel is often coated with zinc (galvanized) or primers to prevent corrosion. These coatings can be
detrimental to weld quality. Galvanized coatings, in particular, release zinc oxide fumes which can cause "metal
fume fever" and interfere with arc stability. It is often recommended to remove coatings from the immediate weld
area or use specific electrodes (like 6010 or 6011 in SMAW) that are designed to penetrate through such layers.

2. Heat Input Management

The heat input (Joules per inch) is calculated using the formula: (Amperage x Voltage x 60) / Travel Speed. In sheet
steel, the goal is to maximize travel speed while maintaining sufficient voltage for fusion. Using pulsed GMAW
(GMAW-P) is an advanced technique that allows for high peak currents for penetration while keeping the average
heat low enough to prevent distortion.

3. Fit-up and Fixturing
Because thin sheets warp easily, proper fit-up is essential. Large gaps between sheets can lead to burn-through.

The use of copper or ceramic backing bars can help dissipate heat and support the weld pool, especially in butt
joints on very thin gauges.

Case Study: Failure Analysis in Steel Decking

Consider a project where arc spot welds were used to attach 20-gauge steel decking to heavy structural joists. Post-
construction inspection revealed that several welds failed during a high-wind event. A technical analysis conducted
under AWS D1.3 protocols revealed the following:

* Root Cause: The welder used settings appropriate for 16-gauge steel on the thinner 20-gauge material,
leading to excessive penetration that effectively "consumed" the sheet around the weld, leaving only a thin ring of



fused metal.

e Secondary Issue: The presence of moisture on the joists during welding led to hydrogen-induced porosity,
weakening the metallurgical bond.

e Solution: The project team implemented a mandatory Procedure Qualification Record (PQR) on-site for each
batch of decking thickness. They also introduced a pre-weld wipe-down procedure to ensure the joists were dry
and free of oil.

The Evolution of the Standard: D1.3/D1.3M-2018

The most recent iterations of the code, such as the 2018 version, have refined the requirements for Flare-Bevel-
Groove weldsand updated the prequalification tables to reflect modern material science. One significant update
involves the recognition of "M" (Metric) units alongside U.S. Customary units, making the code more accessible for
international projects. Furthermore, the 2018 edition provides clearer guidance on the welding of sheet steel to
thicker base metals, bridging the gap between D1.3 and D1.1 more effectively than previous versions.

Broader Engineering Implications

The AWS D1.3 code is more than just a set of rules; it is an engineering safeguard. As the construction industry
moves toward more sustainable and material-efficient designs, the use of high-strength, thin-gauge cold-formed
steel is increasing. This trend necessitates an even deeper understanding of the D1.3 standards. Proper adherence
ensures that the structural integrity of a building is not compromised by its lightweight nature. For the SEO-
conscious firm or the technical professional, mastering these nuances is not just about compliance—it is about
establishing a reputation for engineering excellence and safety in an increasingly competitive global market. By
treating sheet steel with the technical respect it requires, fabricators can produce structures that are as durable as
they are innovative.
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