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Welding inspection is a critical discipline within the fields of structural engineering, manufacturing, and 

infrastructure maintenance. It serves as the primary gateway for ensuring the structural integrity, safety, and 

longevity of welded assemblies. The practice of welding inspection is governed by a rigorous set of standards, most 

notably those established by the American Welding Society (AWS) and the International Organization for 

Standardization (ISO). This article provides an in-depth exploration of the core mechanics of welding inspection, 

drawing heavily from foundational texts such as the WI:2015 Welding Inspection Handbook and the 

requirements for the AWS Certified Welding Inspector (CWI) program.

The Fundamental Role of the Welding Inspector

A welding inspector is more than a quality control officer; they are the technical link between engineering design

and practical execution. Their primary responsibility is to ensure that all welding operations comply with the

specified codes, standards, and contract documents. This role requires a deep understanding of metallurgy, weld

design, fabrication processes, and non-destructive testing (NDT) methodologies.

According to the WI:2015 Welding Inspection Handbook, the duties of a welding inspector are categorized into

three distinct phases: pre-welding, during welding, and post-welding. Failure at any of these stages can lead to

catastrophic structural failure, especially in high-stress environments like bridges, pressure vessels, or aerospace

components.

Phase 1: Pre-Welding Responsibilities

•  Review of Documentation: Ensuring that the Welding Procedure Specifications (WPS) and Procedure 

Qualification Records (PQR) are approved and applicable to the project.

•  Material Verification: Confirming that the base metals and filler materials match the specifications (MTR 

review).

•  Equipment Inspection: Verifying that welding machines, ovens for electrode storage, and shielding gas 

regulators are calibrated and functioning correctly.

•  Joint Fit-up: Checking root opening, bevel angle, and alignment (high-low) before the arc is struck.

Phase 2: Responsibilities During Welding

•  Monitoring Parameters: Ensuring the welder adheres to the amperage, voltage, and travel speed ranges 

specified in the WPS.

•  Interpass Temperature Control: Monitoring the temperature of the weldment between passes to prevent 

metallurgical degradation.

•  Cleaning: Verifying that slag and spatter are removed between layers to prevent inclusions.

Phase 3: Post-Welding Responsibilities

•  Visual Inspection (VT): The primary method for identifying surface discontinuities.

•  NDT Coordination: Overseeing Ultrasonic (UT), Radiographic (RT), or Magnetic Particle (MT) testing as 

required by the code.



•  Documentation: Signing off on inspection reports and maintaining the traceability of the weldment.

Discontinuities vs. Defects: A Critical Distinction

One of the most essential concepts highlighted in the Welding Inspection Handbook is the technical distinction 

between a discontinuity and a defect. In professional engineering terms, these are not synonymous.

A discontinuityis any interruption in the normal physical structure or configuration of a weldment. This could

include a small pore of gas, a slight undercut, or a change in grain structure. Every weld contains discontinuities.

A defect, however, is a discontinuity that, due to its size, shape, orientation, or location, exceeds the allowable 

limits defined by the governing code (e.g., AWS D1.1 for steel structures). When a discontinuity is classified as a 

defect, the weldment is considered rejectable and must be repaired or replaced.

Common Weld Discontinuities and Their Technical Causes



Discontinuity Type Description Common Root Causes Acceptance Criteria 
(General)

Porosity Gas pockets trapped in the 
solidifying weld metal.

Moisture on base metal, 
inadequate gas shielding, 
or contaminated filler wire.

Limits on diameter and 
frequency (e.g., no more 
than 1/32" in specific 
areas).

Slag Inclusions Non-metallic solid material 
trapped in weld metal or 
between weld and base 
metal.

Improper cleaning between 
passes, incorrect electrode 
angle.

Typically based on length 
and proximity to other 
inclusions.

Undercut A groove melted into the 
base metal adjacent to the 
weld toe and not filled by 
weld metal.

Excessive current, too fast 
travel speed, or improper 
weave technique.

Depth must not exceed 
1/32" or 10% of base metal 
thickness (Code 
dependent).

Lack of Fusion A failure to fuse weld metal 
to base metal or preceding 
beads.

Low heat input, improper 
joint cleaning, or excessive 
travel speed.

Usually classified as a 
defect (Rejectable).

Cracks Linear ruptures resulting 
from internal stresses (Hot 
or Cold).

High carbon equivalent 
(CE), hydrogen 
embrittlement, or excessive 
restraint.

Always Rejectable. Zero 
tolerance in almost all 
codes.

Technical Framework: The AWS CWI Certification

The AWS Certified Welding Inspector (CWI)program is the industry benchmark for professional validation. The

body of knowledge required for CWI certification covers a vast range of technical domains. To achieve certification,

candidates must pass three separate examinations that test both theoretical knowledge and practical application.

Part A: Fundamentals

This section focuses on the science of welding. It includes metallurgy, symbols, physics of welding arcs, and the 

mechanics of testing. Inspectors must understand the Carbon Equivalent (CE) formulato predict the weldability

of steel and the risk of Cold Cracking (Hydrogen Induced Cracking):

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

A CE value above 0.40% generally indicates that preheating is necessary to prevent the formation of martensite in

the Heat Affected Zone (HAZ).

Part B: Practical Application

In this phase, the inspector uses physical tools (fillet weld gauges, undercut gauges, and magnifying lenses) to

evaluate plastic weld replicas against a provided Book of Specifications (BOS). This tests the inspector’s ability to

apply code-logic to real-world scenarios.

Part C: Code Application

The candidate must navigate a specific code book (such as AWS D1.1 (Structural Steel), API 1104 (Pipelines), 

or ASME Section IX (Pressure Vessels)). This ensures the inspector can locate and interpret complex technical

requirements under pressure.



General Electric (GE) and Industrial Visual Inspection Requirements

Large-scale industrial entities like General Electric (GE) often have proprietary requirements that augment 

standard codes. Weldment Visual Inspection Requirements in these environments focus on precision and the 

prevention of fatigue failure. For GE components, visual inspection often includes rigorous checks for overlap (cold 

lap) and cratering, which are localized stress concentrators.

Visual Inspection (VT) Checklist for Industrial Assemblies

1.  Surface Finish: Is the weld bead profile smooth enough to prevent stress risers?

2.  Crater Filling: Are all craters filled to the full cross-section of the weld?

3.  Spatter Control: Excessive spatter can interfere with subsequent NDT or coating adhesion and must be 

removed.

4.  Dimensional Accuracy: Does the weldment meet the tolerances specified in the engineering drawings?

Non-Destructive Testing (NDT) Integration

While visual inspection (VT) is the most cost-effective and widely used method, it is limited to surface-level

observations. A comprehensive welding inspection regime integrates various NDT methods to ensure internal

integrity.



NDT Method Detection Capability Advantages Limitations

Radiographic Testing (RT) Volumetric (Internal) Provides a permanent 
record (X-ray film); detects 
porosity and slag.

Radiation hazards; high 
cost; requires access to 
both sides.

Ultrasonic Testing (UT) Volumetric (Internal) Highly sensitive to planar 
defects (cracks, lack of 
fusion); instant results.

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

Magnetic Particle (MT) Surface & Near-surface Excellent for detecting fine 
cracks in ferromagnetic 
materials.

Limited to magnetic 
materials; requires power 
source.

Liquid Penetrant (PT) Surface Breaking Only Low cost; portable; works 
on almost any non-porous 
material.

Cannot detect internal 
defects; messy and time-
consuming.

The Mathematics of Welding Inspection: Heat Input and Cooling Rates

A Senior Technical Writer must emphasize that welding inspection is rooted in physics. Heat Inputis a critical

variable that the inspector must monitor, as it directly influences the mechanical properties of the weld and the

width of the Heat Affected Zone (HAZ).

The formula for calculating Heat Input (H) is:

H = (Voltage × Amperage × 60) / (Travel Speed × 1000)

•  H = Heat Input in kilojoules per millimeter (kJ/mm)

•  Voltage = Measured at the arc

•  Amperage = Measured at the power source

•  Travel Speed = Speed of the weld bead in mm/min

If the heat input is too high, the cooling rate is slow, which can lead to grain coarsening and reduced toughness

(Charpy V-Notch properties). If the heat input is too low, the cooling rate is too fast, leading to the formation of

brittle phases like martensite, which increases the risk of cracking.

Case Study: Failure Analysis of a Structural Weldment

Consider a scenario where a steel building frame experienced a failure at a moment connection. Upon inspection 

using the Welding Inspection Handbook protocols, it was discovered that the root cause was Hydrogen Induced 

Cracking (HIC).

The Investigation Process:

1.  Documentation Review: The WPS required E7018 low-hydrogen electrodes. However, the logbooks showed 

the electrodes were left out of the holding oven for over 8 hours.

2.  Visual Examination: Post-failure VT showed longitudinal cracking in the center of the weld bead.

3.  Metallurgical Analysis: Microscopic examination revealed a high concentration of martensite in the HAZ, 

confirming that the preheat was insufficient for the 2-inch thick base plate.

The Solution:

The corrective action involved strict enforcement of AWS D1.1 Clause 5, which governs the storage and baking of



low-hydrogen electrodes. Additionally, the inspector implemented mandatory temperature-indicating crayon

(Tempilstik) checks to verify preheat and interpass temperatures before every pass.

Future Trends: Digitalization and Automated Inspection

The field of welding inspection is evolving with the introduction of Industry 4.0. Digital welding machines now allow

for real-time data logging of amperage and voltage, which can be instantly compared against the WPS. This "digital

twin" of the weld allows inspectors to identify deviations before the weld is even completed.

Furthermore, Laser Profilometry is being used to automate visual inspection. These systems scan the weld bead 

profile and compare it to 3D CAD models, identifying undercuts, reinforcements, and leg lengths with sub-millimeter 

accuracy. While these technologies enhance the process, they do not replace the need for a qualified inspector 

who understands the underlying metallurgical principles found in the WI:2000 and WI:2015 handbooks.

Synthesis of Professional Standards

In summary, welding inspection is an intricate balance of adhering to established codes and applying practical 

engineering judgment. Whether following the specific guidelines of the WI:2015 Welding Inspection Handbook or 

meeting the stringent requirements of the AWS CWI certification, the goal remains the same: the preservation of

safety and quality in the built environment.

The inspector’s ability to distinguish between a harmless discontinuity and a critical defect is what separates a

proficient technician from an amateur. By combining rigorous visual assessment, advanced non-destructive testing,

and a firm grasp of welding metallurgy, inspectors ensure that the structures we depend on—from the cars we drive

to the bridges we cross—are built to last and safe for public use. As codes continue to evolve, the demand for

continuous education and adherence to standardized inspection handbooks will only increase, cementing the

welding inspector’s role as an indispensable pillar of modern engineering.
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