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The field of welding inspection represents a critical intersection of metallurgy, mechanical engineering, and quality 

assurance. At the center of this discipline is the American Welding Society (AWS) and its seminal educational 

resource: the Welding Inspection Technology Workbook (WIT-W) . This document serves as the primary 

pedagogical tool for professionals seeking the Certified Welding Inspector (CWI)designation, specifically

focusing on Part A (Fundamentals) of the examination. As industrial standards evolve, particularly moving from the

2008 edition to the updated 2020 edition (including the 3rd printing), the technical depth required of inspectors has

expanded to include sophisticated non-destructive testing (NDT) methodologies, complex metallurgical analysis,

and rigorous safety protocols.

The Framework of AWS QC1: Standard for AWS Certification of Welding 
Inspectors

Before delving into the technical specifics of the WIT-W workbook, it is essential to understand the governing 

framework provided by AWS QC1. This standard defines the requirements for AWS certification of welding

inspection personnel. It establishes three distinct levels of certification, each with specific responsibilities and

prerequisite experience:

•  Certified Associate Welding Inspector (CAWI): An entry-level professional who performs inspection under the 

supervision of a CWI or SCWI.

•  Certified Welding Inspector (CWI): The industry standard, capable of independent inspection, interpretation of 

codes, and verification of welder qualifications.

•  Senior Certified Welding Inspector (SCWI): A professional with at least 15 years of experience, responsible for 

overseeing complex quality management systems and mentoring lower-level inspectors.

The WIT-W:2020workbook is meticulously designed to align with these certification levels, providing a structured

approach to the multifaceted world of weldment evaluation. It moves beyond simple visual assessment, requiring

candidates to understand the underlying physics of welding arcs, the chemistry of alloying elements, and the

mathematics of stress and strain.

Evolution of the WIT-W: Comparing 2008 and 2020 Editions

The transition from the WIT-W:2008 to the WIT-W:2020 version reflects significant advancements in welding 

technology and a shift in pedagogical focus toward practical application. While the core principles remain constant, 

the 2020 edition introduces refined data on automated welding processes, digital radiography, and updated safety 

standards according to ANSI Z49.1.

Technical Shift Analysis

The following table outlines the key areas of evolution between the 2008 and 2020 iterations of the Welding

Inspection Technology framework:



Feature/Focus Area WIT-W:2008 Standards WIT-W:2020 Updates

Digital Integration Limited focus on digital records and 
imaging.

Extensive coverage of digital NDT 
and computerized tracking.

Safety Protocols Focus on traditional PPE and fume 
extraction.

Enhanced focus on hexavalent 
chromium and electromagnetic field 
safety.

NDT Methodologies Traditional film radiography and basic 
UT.

Inclusion of Phased Array Ultrasonic 
Testing (PAUT) and CR/DR.

Metallurgical Depth General carbon steel properties. Detailed analysis of High-Strength 
Low-Alloy (HSLA) and Duplex steels.

Workbook Structure Traditional question-and-answer 
format.

Scenario-based learning and complex 
case studies.

Core Theoretical Framework: The Physics of Welding

A fundamental requirement for any welding inspector is a comprehensive understanding of the Welding Power 

Source mechanics. The WIT-W emphasizes the relationship between voltage, current (amperage), and travel 

speed, which collectively determine the Heat Input. The mathematical model for Heat Input (H) is expressed as:

H = (E × I × 60) / (v × 1000)

Where:H = Heat input (kJ/mm or kJ/in)E = Voltage (Volts)I = Current (Amperes)v = Travel speed (mm/min or in/min)

Inspectors use this formula to ensure that the cooling rate of the Heat-Affected Zone (HAZ) is controlled, 

preventing the formation of brittle microstructures such as untempered martensite, which is highly susceptible to

hydrogen-induced cracking (HIC).

Welding Processes and Their Characteristics

The WIT-W workbook provides deep dives into various welding processes, each with unique inspection challenges:

1.  Shielded Metal Arc Welding (SMAW): Focuses on electrode moisture control and slag inclusion prevention.

2.  Gas Metal Arc Welding (GMAW): Emphasizes shielding gas flow rates and the transition between spray, 

globular, and short-circuiting transfer modes.

3.  Flux-Cored Arc Welding (FCAW): Analyzes the benefits of self-shielded vs. gas-shielded variations and the 

risks of "wormhole" porosity.

4.  Gas Tungsten Arc Welding (GTAW): Focuses on tungsten electrode contamination and precise root pass 

control in high-purity piping.

Technical Analysis of Discontinuities vs. Defects

One of the most critical distinctions taught in the Welding Inspection Technology  curriculum is the difference 

between a discontinuity and a defect. A discontinuity is an interruption in the typical structure of a weld, while a

defect is a discontinuity that, by its nature or accumulated effect, renders a part or product unable to meet minimum

applicable acceptance standards or specifications.

Geometric Discontinuities



Inspectors must be proficient in identifying and measuring geometric irregularities, including:

•  Undercut: A groove melted into the base metal adjacent to the weld toe or weld root.

•  Overlap: The protrusion of weld metal beyond the weld toe or weld root.

•  Porosity: Gas pockets trapped in the solidifying weld metal, categorized as scattered, cluster, or linear.

•  Incomplete Fusion: A lack of bonding between weld beads or between weld metal and base metal.

Structural/Chemical Discontinuities

These are often internal and require NDT for detection:

•  Cracks: Categorized by orientation (longitudinal or transverse) and temperature (hot cracks vs. cold cracks).

•  Slag Inclusions: Non-metallic solids trapped in the weld metal or at the bond line.

•  Tungsten Inclusions: Specific to GTAW, where particles of the tungsten electrode are deposited in the weld.

Non-Destructive Testing (NDT) Matrix

The AWS WIT-W workbook dedicates substantial content to the selection and application of NDT methods. An

inspector must know not only how to perform visual testing (VT) but also when to mandate more advanced

methods.



Method Abbreviation Primary Application Major Limitation

Visual Testing VT Surface discontinuities, 
alignment, dimensions.

Surface only; human factor 
subjectivity.

Liquid Penetrant PT Surface-breaking cracks 
and porosity.

No sub-surface detection; 
messy.

Magnetic Particle MT Surface and near-surface 
cracks in ferromagnetic 
materials.

Ferromagnetic only; 
requires demagnetization.

Radiographic Testing RT Internal volumetric 
discontinuities (voids, 
inclusions).

Radiation hazard; 
expensive; orientation 
sensitive.

Ultrasonic Testing UT Internal planar 
discontinuities (cracks, lack 
of fusion).

Requires high skill; no 
permanent record (unless 
automated).

Metallurgy for the Welding Inspector

An advanced technical writer must highlight the metallurgical foundations present in the WIT-W:2020. Welding is, in 

essence, a localized metallurgical process involving melting, solidification, and solid-state transformation. The 

workbook covers the Iron-Carbon Phase Diagram, which is vital for understanding how different carbon levels

affect weldability.

The Role of Carbon Equivalent (CE)

To assess the weldability of steels and the risk of cold cracking, inspectors use the Carbon Equivalent formula:

CE = %C + %Mn/6 + (%Cr + %Mo + %V)/5 + (%Ni + %Cu)/15

A CE value above 0.40% typically indicates a need for Preheat and Post-Weld Heat Treatment (PWHT) to slow

the cooling rate and allow hydrogen to diffuse out of the lattice, thereby preventing delayed cracking.

Practical Implementation: The Inspection Workflow

The WIT-W curriculum outlines a systematic approach to inspection that begins long before the first arc is struck.

This workflow is categorized into three stages:

1. Pre-Welding Inspection

•  Review of Welding Procedure Specifications (WPS) and Procedure Qualification Records (PQR).

•  Verification of material certifications (Mill Test Reports).

•  Inspection of joint preparation (root opening, bevel angle, fit-up).

•  Ensuring welders are currently qualified (Welder Performance Qualification - WPQ).

2. Inspection During Welding

•  Monitoring of interpass temperature.

•  Verification of filler metal handling (e.g., electrode oven temperature).

•  Observation of cleaning techniques between passes.

•  Compliance with the WPS (voltage and amperage checks).



3. Post-Welding Inspection

•  Visual examination of the finished bead (profile, reinforcement height).

•  Oversight of NDT operations and interpretation of results.

•  Review of PWHT charts.

•  Final documentation and stamping of the inspection report.

Case Study: Troubleshooting Hydrogen-Induced Cracking (HIC)

Consider a scenario in high-strength structural steel fabrication where transverse cracks are discovered 48 hours 

after welding. Using the technical framework provided in the WIT-W, an inspector would conduct a root cause

analysis based on the "Hydrogen Triangle":

1.  Source of Hydrogen: Were the low-hydrogen electrodes (e.g., E7018) properly stored in a rod oven at 

250°F? Was the base metal contaminated with oil or moisture?

2.  Susceptible Microstructure: Was the preheat temperature insufficient, leading to high hardness (martensite) 

in the HAZ?

3.  Tensile Stress: Was the joint overly constrained, preventing the natural contraction of the weld during cooling?

Solution:The inspector would mandate a revision of the WPS to include higher preheat temperatures (per AWS

D1.1 Table 5.8) and ensure strict adherence to filler metal storage protocols. This demonstrates the practical utility

of the workbook's theoretical content in real-world industrial environments.

The Value of the WIT-W in Professional Development

The AWS Welding Inspection Technology Workbook is more than just a test preparation guide; it is a technical

compendium that bridges the gap between manual skill and engineering theory. For the modern inspector,

mastering this material is essential for maintaining the safety of critical infrastructure, from nuclear containment

vessels to high-rise skyscrapers. As the 2020 edition emphasizes, the role of the inspector is increasingly data-

driven, requiring a sophisticated grasp of both old-world craft and new-world technology. By adhering to the

principles outlined in the WIT-W, welding professionals ensure that the joints that hold our world together remain

robust, reliable, and safe for generations to come.

Ultimately, the continuous study of welding inspection technology represents a commitment to excellence. As

materials science progresses and new alloys are developed, the frameworks established in the AWS WIT-W will

continue to adapt, providing the necessary guidance for the guardians of structural integrity.
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