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The AWS D1.3/D1.3M Structural Welding Code—Sheet Steelstands as the definitive standard for engineers,
fabricators, and inspectors involved in the joining of thin-gauge steel components. Unlike its counterpart, AWS
D1.1, which focuses on thicker structural members, D1.3 is meticulously designed to address the unique thermal
and mechanical challenges inherent in welding materials that are 3/16 of an inch (4.8 mm) or thinner. In the realm
of modern construction—where cold-formed steel framing, decking, and cladding are ubiquitous—mastering the
nuances of D1.3 is not merely a matter of compliance, but a prerequisite for structural safety and operational
efficiency.

Understanding the Scope and Material Specifications of AWS D1.3

The primary scope of AWS D1.3 encompasses the arc welding of structural sheet and strip steels, including cold-
formed members. The code specifies requirements for welding sheet steel having a minimum specified yield point
no greater than 80 ksi [550 MPa]. This limitation is critical because higher yield strength materials often require
specialized heat treatment or different cooling rate considerations that exceed the generalized provisions of the
D1.3 standard.

A common point of confusion in the field is the overlap between AWS D1.3 and AWS D1.1. While AWS D1.1 covers
structural steel 1/8 inch (3 mm) and thicker, AWS D1.3 covers materials 3/16 inch (4.8 mm) and thinner. This
creates a "grey area" for materials between 1/8 inch and 3/16 inch. In such instances, the contract documents
usually specify which code takes precedence. Generally, if the application involves light-gauge framing or cold-
formed steel members, D1.3 is the preferred regulatory framework due to its specific focus on the burn-through
tendencies and heat-affected zone (HAZ) characteristics of thinner sections.

Key Base Metal Classifications

AWS D1.3 applies to several categories of steel, including:

e Carbon Steel: Standard structural grades typically used in C-channels and track.

e Low-Alloy Steel: Enhanced strength materials used in high-load structural decking.

» Coated Steels: Materials with galvanized (zinc) or aluminized coatings. The code provides specific guidance
on how to handle these coatings, which can lead to porosity or embrittlement if not managed correctly during the
welding process.

Core Theoretical Framework: Heat Input and Thin-Gauge Dynamics

In structural welding of thick plates, the heat sink effect of the base metal allows for significant heat input without
immediate catastrophic failure. However, in sheet steel welding, the Heat Input (H)equation becomes the central
engineering concern:

H=(E x| x60)/ (1000 % v)
Where:E = Voltage (Volts)| = Amperage (Amps)v = Travel Speed (in/min or mm/min)H = Heat Input (kJ/in or kJ/mm)

Excessive heat input in thin-gauge material leads to burn-through, excessive warping, and a significant reduction



in the mechanical properties of the HAZ. AWS D1.3 addresses this by emphasizing controlled penetration and
specific joint geometries like the flare-bevel-groove and flare-v-groove, which allow for structural load transfer
without requiring deep penetration into the thin base metal.

Structural Comparison: AWS D1.3vs. AWS D1.1

To better understand the implementation of D1.3, it is helpful to compare its requirements with the more common
D1.1 standard. The following table highlights the critical differences that technical writers and project managers
must recognize.



Feature AWS D1.1 (Structural Steel) AWS D1.3 (Sheet Steel)

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

Technical Analysis of Clause 3: Prequalification of WPS

One of the most powerful aspects of AWS D1.3 is the provision for Prequalified Welding Procedure
Specifications (WPS). If a fabricator follows the exact parameters outlined in Clause 3, they may exempt
themselves from the costly and time-consuming task of performing procedure qualification tests. However,
prequalification is not a blanket permission; it is strictly limited by the following variables:

1. Essential Variable Limits

Prequalification is only valid if the welding process is one of the following: SMAW (Shielded Metal Arc Welding),
GMAW (Gas Metal Arc Welding), or FCAW (Flux Cored Arc Welding). GTAW  (TIG) typically  requires
independent qualification under Clause 4. Furthermore, the base metal must be listed in the approved materials
list, and the filler metal must be compatible with the base metal's strength.

2. Joint Geometry

The code provides specific diagrams for prequalified joints. For sheet steel, these often include:

e Square-Groove Welds: Butt joints with tight fit-up.

 Fillet Welds: For T-joints and lap joints.

« Flare-Bevel-Groove Welds: Commonly used when welding a flat sheet to a curved member (like a pipe or a
bent cold-formed section).

¢ Flare-V-Groove Welds: Used between two curved edges.

3. Shielding Gas and Electrodes

Changes in gas composition (e.g., moving from 100% CO2 to an Argon/CO2 mix) or changes in electrode
classification (e.g., E6011 to E7018) often void the prequalified status, requiring a new WPS or qualification testing.

Clause 4: Procedure Qualification (WPS Qualification)

When a project falls outside the narrow path of prequalification—such as when using high-strength 80 ksi steel in a
non-standard joint—Clause 4 dictates the qualification process. This involves welding a test plate, performing
destructive testing, and documenting the results in a Procedure Qualification Record (PQR).

Testing Requirements for Qualification

The qualification of a WPS in D1.3 requires specific tests depending on the weld type:

¢ Groove Welds: Require tension tests and bend tests to ensure the weld metal is as strong as the base metal
and possesses adequate ductility.

» Fillet Welds: Require a break test or macroetch test to verify fusion to the root.

e Arc Spot Welds: Require a shear test. In sheet steel applications, the shear strength of the "button” is the
critical design value.

The Table 6.1referenced in many technical manuals serves as a guide for these qualification tests, outlining the
number of specimens required based on the material thickness and weld type.

Clause 5: Welder Performance Qualification (WPQ)



Even with a perfect WPS, the integrity of a structure relies on the skill of the individual welder. AWS D1.3
differentiates between a Welder (manual or semi-automatic) and a Welding Operator(automatic or robotic). The
qualification test for a welder is designed to determine their ability to produce sound welds under specific
constraints of position and thickness.

Position and Limitation

A welder qualified in the 1G (Flat) position is generally not qualified to weld in the 3G (Vertical) or 4G (Overhead)
positions. However, a welder qualified in the 4G position typically gains qualification for the flat position. Given the
thin nature of sheet steel, vertical-down welding is more common than in heavy plate welding, and AWS D1.3 has
specific provisions to qualify this progression.

Field Guide: Practical Implementation on the Shop Floor

Transitioning from the code book to the shop floor requires a systematic approach to quality control. Modern
software like Shopfloornow includes modules specifically for AWS D1.3, mirroring the features available for D1.1.
This allows for digital tracking of welder certifications and WPS management.

Step-by-Step Compliance Checklist

1. Material Verification: Ensure the Mill Test Report (MTR) confirms the yield point is "d 80 ksi and the thickness
is within the D1.3 range.

2. WPS Selection: Determine if a Prequalified WPS (Clause 3) can be used or if a PQR (Clause 4) must be
generated.

3. Surface Preparation: Sheet steel is often coated. Ensure that galvanized layers are either ground back or that
the WPS specifically accounts for welding through the coating using appropriate electrodes (e.g., E6010 for deep
penetration).

4. Fit-up Inspection: In thin materials, excessive root gaps lead to immediate burn-through. Maintain tolerances
within the + 1/16" range for most joints.

5. Environmental Controls: Protect the welding area from wind if using GMAW or FCAW-G to prevent porosity
caused by the loss of shielding gas.

Case Studies and Troubleshooting

Case Study: Failure of Arc Spot Welds in Roof Decking

An inspection of a commercial warehouse revealed that arc spot welds (puddle welds) connecting the steel deck to
the joists were failing under wind uplift. The technical analysis showed that the welder used a WPS designed for 16-
gauge steel on 22-gauge steel. The higher current required for 16-gauge material caused excessive melting of the
22-gauge sheet, leaving a large hole with almost no "button" to provide shear resistance. Solution:The WPS was
revised to include a lower amperage and a specific "dwell time" to allow the puddle to freeze correctly, as per AWS
D1.3 Table requirements.

Common Troubleshooting Scenarios

e Problem: Excessive Porosity in Galvanized Sheet.Solution: Galvanized coatings vaporize at lower
temperatures than steel melts. The gas can become trapped. Switch to an electrode with higher deoxidizers or slow
the travel speed to allow the gas to escape the molten puddle.

e Problem: Longitudinal Cracking in Cold-Formed Sections.Solution: This is often caused by high restraint in the
joint combined with high cooling rates. Preheat (even though not always required by code for thin steel) to 100°F
can sometimes mitigate this by slowing the cooling rate of the HAZ.

¢ Problem: Burn-through on Lap Joints.Solution: Increase travel speed or use a "pulsed” GMAW setting to



reduce the average heat input while maintaining arc stability.

Summary and Engineering Implications

The AWS D1.3 Structural Welding Code—Sheet Steelis an essential pillar of modern structural engineering. It
acknowledges that the physics of welding changes when the base metal is thin. By providing a framework for
prequalification, procedure validation, and personnel certification, it ensures that light-gauge steel structures—from
the skyscrapers' floor decks to the framing of residential homes—possess the necessary ductility and strength to
withstand seismic and wind loads.

As the industry moves toward more automated and robotic welding solutions, the principles of D1.3 remain
relevant. The integration of digital tracking systems and the strict adherence to the essential variables defined in the
code allow for a seamless transition from manual craftsmanship to high-precision engineering. For the technical
professional, a deep understanding of D1.3 is not just about following rules; it is about applying the science of
metallurgy and thermodynamics to the practical reality of modern construction, ensuring every weld is a reliable link
in the structural chain.
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