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Introduction

Welding is an essential process in the construction and maintenance of structural steel components. Among the 

various welding passes, the root pass sets the foundation for the entire weld joint. It is the first weld that creates 

the initial fusion between the base metals and determines the weld’s mechanical integrity, appearance, and ability 

to withstand future loads. When working under the AWS D1.1code—America’s standard for welding of structural

steel—engineers and welders must follow a strict set of recommended practices to ensure safety, quality, and

compliance. This article delves into the intricacies of root pass welding under the AWS D1.1 framework, covering

everything from joint design to inspection, and offers practical guidance for professionals seeking to master this

critical welding step.

Understanding AWS D1.1 and Its Relevance to Root Pass Welding

AWS D1.1, officially titled “Structural Welding Code – Steel,” is a comprehensive set of rules and guidelines that

govern the welding of steel structures. It covers material selection, welding procedures, inspection, testing, and

performance criteria. The code is divided into several sections, each addressing specific aspects of welding. For

root pass welding, the most relevant sections include:

•  Section 4 – Welding Procedure Specifications (WPS) – outlines the parameters for the root pass, such as 

current, voltage, travel speed, and electrode choice.

•  Section 5 – Welding Procedure Qualification – defines the qualification tests that a root pass must pass to be 

considered compliant.

•  Section 8 – Inspection and Testing – provides guidelines for visual inspection, nondestructive testing (NDT), 

and documentation of root pass quality.

Compliance with AWS D1.1 is mandatory for many construction projects in North America, and failure to adhere to

its root pass guidelines can lead to structural failures, costly rework, and safety incidents. Therefore, understanding

and applying the code’s recommendations is paramount for any welding professional.

Root Pass Welding Overview

The root pass is the initial weld that is laid along the joint’s centerline. Its primary objectives are:

•  Creating a sound, defect-free weld bead that fully penetrates the joint.

•  Establishing a clean and smooth surface for subsequent passes.

•  Providing a foundation for the weld’s mechanical performance.

Because the root pass determines the weld’s structural behavior, it demands meticulous planning, precise

execution, and rigorous quality control. A well �executed root pass reduces the likelihood of cracking, porosity, and

other defects that can compromise the entire weld joint.

Key Considerations for Root Pass Welding

Several factors influence the success of a root pass. Below are the essential considerations that welders and



supervisors should keep in mind:

1. Joint Design and Preparation

Proper joint design—whether butt, lap, or fillet—affects the root pass’s complexity and the required welding

parameters. Clean, smooth surfaces free from rust, oil, or other contaminants are critical for achieving strong fusion.

2. Material Compatibility

Different steel grades (e.g., ASTM A36, A992, or A572) have varying weldability characteristics. The root pass must

be tailored to the material’s heat input tolerance, grain structure, and susceptibility to cracking.

3. Welding Process Selection

Common root pass processes include Shielded Metal Arc Welding (SMAW), Gas Metal Arc Welding (GMAW), and

Submerged Arc Welding (SAW). Each process has distinct advantages and limitations for root pass applications.

4. Electrode and Filler Material Selection

Choosing the correct electrode or filler metal ensures proper fusion, weld penetration, and mechanical properties.

The selection must align with AWS D1.1 specifications and the joint’s design requirements.

5. Preheat and Interpass Temperature Management

Preheating and controlling interpass temperatures are essential to prevent cracking, particularly in high �strength or

low �carbon steels.

Material Preparation

Root pass welding begins long before the arc is struck. Material preparation is the foundation upon which a

defect �free weld is built.

Surface Cleaning

Remove all rust, scale, oil, grease, and paint from the joint surfaces using wire brushes, sandblasting, or chemical

cleaners. A clean surface promotes better weld bead adhesion and reduces the risk of slag inclusions.

Edge Preparation

For butt joints, edges should be beveled or beveled with a 45° angle to facilitate root pass penetration. In fillet joints,

the edges should be beveled or trimmed to create a clean root face.

Joint Gap Management

Maintain the correct root gap as specified in the welding procedure. Too wide a gap can lead to incomplete fusion;

too narrow can cause excessive heat input and distortion.

Joint Design

Designing the joint correctly is critical for a successful root pass. Below are key design principles:

Butt Joints

•  Ensure a flat, clean edge with a 45° bevel on both sides.

•  Use a root gap of 1/16 to 1/8 inch, depending on material thickness.

Lap Joints

•  Overlap the plates by at least 1.5 times the plate thickness.

•  Maintain a root gap of 1/32 to 1/16 inch.



Fillet Joints

•  Bevel the fillet face to a 30° angle for easier root pass penetration.

•  Keep the root face free of burrs and contaminants.

Welding Parameters for Root Pass

Setting the correct welding parameters is essential for achieving optimal penetration and minimizing defects. The

following table summarizes typical parameters for common processes:



Process Current (A) Voltage (V) Travel Speed (in/min)

SMAW (E7018) 70–120 12–18 0.5–1.0

GMAW (ER70S-6) 150–250 20–30 1.5–3.0

SAW (ER70S-6) 250–350 — 1.0–2.0

These values should be adjusted based on material thickness, joint design, and specific project requirements.

Always refer to the Welding Procedure Specification (WPS) for precise parameter values.

Preheat and Interpass Temperatures

Heat input management is vital to prevent cracking, distortion, and excessive residual stresses. The following

guidelines apply:

Preheat Temperature

•  Low �carbon steels ("d0.25% C): 200–300 /°F (93–149 /°C).

•  Medium �carbon steels (0.25–0.5% C): 300–500 /°F (149–260 /°C).

•  High �strength steels ("e0.5% C): 500–800 /°F (260–427 /°C).

Interpass Temperature

•  Maintain an interpass temperature of 300–500 /°F (149–260 /°C) for most steels.

•  For high �strength or low �carbon steels, keep interpass temperatures below 400 /°F (204 /°C) to reduce the risk of 

hydrogen cracking.

Use thermocouples or infrared thermometers to monitor temperatures accurately. Apply heat uniformly using heat

blankets or preheat blankets to avoid localized overheating.

Electrode and Filler Material Selection

Choosing the appropriate electrode or filler metal is critical for root pass success. The selection depends on the

base material, joint design, and welding process.

Shielded Metal Arc Welding (SMAW)

•  Use low �hydrogen electrodes such as E7018 for low �carbon steels.

•  For high �strength steels, consider E6013 or E6010 for deeper penetration.

Gas Metal Arc Welding (GMAW)

•  Employ ER70S-6 or ER70S-8 for general-purpose root passes.

•  For high �strength steels, use ER70S-6 with a higher hydrogen tolerance.

Submerged Arc Welding (SAW)

•  Utilize ER70S-6 or ER70S-8 for root passes in thick sections.

•  Ensure proper flux selection to maintain a clean root zone.

Shielding Gas Selection

Shielding gas protects the weld pool from atmospheric contamination. The choice of gas depends on the welding

process and the base material.



•  GMAW – Use a 75% Argon / 25% CO ‚ mixture for general root passes. For low �hydrogen steels, consider a 

100% Argon mix.

•  SMAW – Typically uses air or a proprietary gas mix; the electrode’s coating provides the shielding.

•  SAW – The flux itself provides shielding; no external gas is required.

Weld Position and Technique

The root pass can be performed in various positions: flat, horizontal, vertical, or overhead. Each position requires

specific techniques to maintain weld quality.

Flat Position

Maintain a stable torch angle of 70–80°. Use a steady travel speed to avoid excessive heat input.

Horizontal Position

Control the torch angle to prevent the weld bead from sagging. Use a slightly higher travel speed to compensate for

gravity.

Vertical Position

Employ a downward torch angle of 90° to 110°. Use a slower travel speed to ensure proper penetration.

Overhead Position

Use a 120° to 140° torch angle, and maintain a steady travel speed to counteract gravity’s effect on the weld pool.

Quality Control Measures

Root pass quality must be verified through a combination of visual inspection, dimensional checks, and

nondestructive testing (NDT). The following practices are recommended:

Visual Inspection

•  Check for proper penetration, bead shape, and surface cleanliness.

•  Identify any porosity, slag inclusions, or cracks.

Dimensional Verification

•  Measure root gap, weld bead width, and penetration depth to ensure compliance with WPS specifications.

•  Use calipers, micrometers, or laser scanners for precise measurements.

Nondestructive Testing (NDT)
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