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The ASME Boiler and Pressure Vessel Code (BPVC) Section V  serves as the international benchmark for 

Nondestructive Examination (NDE). Unlike other sections of the ASME Code that dictate when an examination

must be performed or what the acceptance criteria are, Section V is a "service code." It provides the specific

methodologies, procedures, and technical requirements for conducting examinations. In the high-stakes

environment of pressure vessel manufacturing, power generation, and petrochemical processing, the rigorous

application of Section V ensures the structural integrity and safety of critical components without damaging the

materials being tested.

The Strategic Role of Section V in Engineering Compliance

In the hierarchy of the ASME BPVC, Section V functions as a technical manual referenced by "Construction Codes" 

such as Section I (Power Boilers), Section III (Nuclear Components), and Section VIII (Pressure Vessels) .

When a construction code requires a weld to be radiographed or ultrasonically tested, it points to Section V for the

"how-to." This separation of concerns allows for standardized NDE methodologies across different industries while

allowing specific sectors to maintain their own safety margins and acceptance levels.

The Distinction Between NDE, NDT, and NDI

While often used interchangeably in field operations, technical writers and engineers within the ASME framework 

recognize subtle distinctions: Non-Destructive Examination (NDE): The preferred term in ASME Code, implying a 

systematic assessment involving interpretation and evaluation against standards.Non-Destructive Testing (NDT):  

Often refers to the physical act of performing the test (e.g., applying dye penetrant).Non-Destructive Inspection 

(NDI): Usually refers to the broader quality control oversight process.

Structural Organization of ASME Section V

ASME Section V is divided into two primary subsections, supplemented by mandatory and non-mandatory

appendices that provide granular technical guidance.

Subsection A: Nondestructive Methods of Examination

This subsection defines the various NDE methods and the requirements for their application. It is organized into 

several Articles, each focusing on a specific technology: Article 1: General Requirements. This covers personnel 

qualification, written procedures, and documentation.Article 2: Radiographic Examination (RT).Article 4 & 5: 

Ultrasonic Examination (UT) for welds and materials.Article 6: Liquid Penetrant Examination (PT).Article 7: 

Magnetic Particle Examination (MT).Article 9: Visual Examination (VT).Article 10: Leak Testing (LT).Article 11:

Acoustic Emission (AE).

Subsection B: Documents Adopted by Section V

Subsection B consists of ASTM Standards(prefixed as SE-xxx or SA-xxx) that have been formally adopted by

ASME. These provide the underlying material specifications and detailed laboratory protocols that support the



methods described in Subsection A.

Article 1: The Foundation of Technical Compliance

Before any physical testing begins, Article 1 establishes the administrative and quality control framework. The most 

critical element here is the Written Procedure. Every NDE method must be performed according to a procedure

that has been demonstrated to be capable of detecting the required discontinuities. This procedure must include

"Essential Variables"—parameters that, if changed, require the procedure to be re-qualified.

Personnel Qualification and Certification

Section V does not certify personnel itself. Instead, it requires the employer to certify their technicians according to 

standards like SNT-TC-1A (Recommended Practice) or ANSI/ASNT CP-189. For nuclear applications, ASME 

ANDE-1may be referenced. A Level II or Level III technician is typically required to interpret results and sign off on

final documentation.

Deep Dive into Volumetric Examination Methods

Volumetric methods are designed to detect internal flaws such as porosity, slag inclusions, or lack of fusion within

the bulk of the material.

Article 2: Radiographic Examination (RT)

Radiography uses ionizing radiation (X-rays or Gamma rays) to produce an image of the internal structure of a 

component. Section V, Article 2, specifies the requirements for Image Quality Indicators (IQIs), also known as 

penetrameters. IQIsare essential for verifying the sensitivity of the radiograph. They must be visible on the film or

digital display to ensure that the technique is capable of revealing specific defect sizes.



Feature Standard Film Radiography Digital Radiography (DR) / 
Computed Radiography (CR)

Medium Silver halide film Imaging plates (CR) or Flat-panel 
detectors (DR)

Sensitivity High (0.5% - 2% of thickness) Highly adjustable via software

Processing Time Slow (Chemical developing) Near-instantaneous

Storage Physical archives required Digital Servers (PACS/DICONDE)

Article 4: Ultrasonic Examination (UT)

Ultrasonic testing utilizes high-frequency sound waves. Article 4 is highly technical, focusing on the Distance-

Amplitude Correction (DAC) curve or Time-Corrected Gain (TCG). These mathematical adjustments account for 

the natural attenuation of sound as it travels deeper into the metal. Modern updates to Section V (2019, 2021, and 

2023 editions) have significantly expanded the sections on Phased Array Ultrasonic Testing (PAUT)  and Full 

Matrix Capture (FMC) / Total Focusing Method (TFM) , which allow for real-time, high-resolution 3D imaging of

defects.

Surface and Near-Surface Examination Methods

Surface examinations are vital for detecting fatigue cracks and surface-breaking discontinuities that could act as

stress concentrators.

Article 6: Liquid Penetrant Examination (PT)

PT is based on capillary action. A highly visible or fluorescent dye is applied to the surface, allowed to dwell, and 

then cleaned. A developer is then applied to draw the dye back out of any cracks. Critical Parameter: Dwell time. 

Section V provides tables for minimum dwell times based on material type and temperature. If the temperature is 

outside the 40°F to 125°F range, a specific Non-Standard Temperature Procedure  must be qualified.

Article 7: Magnetic Particle Examination (MT)

MT is used for ferromagnetic materials. By inducing a magnetic field, any surface-breaking or near-surface 

discontinuity will create a "leakage field" that attracts magnetic iron particles. Section V emphasizes the Yoke 

Method, Prod Method, and Headshot Method. Technicians must verify the field strength using a Pie Gaugeor a

Hall-effect gaussmeter to ensure the magnetic flux is sufficient to reveal defects.

Technical Analysis: Comparing NDE Methods

Choosing the correct NDE method requires an understanding of the material properties, the likely orientation of

defects, and the geometry of the component. The following table provides a comparative evaluation based on

ASME Section V criteria.



Method Primary Target Material Limitation Sensitivity Level ASME Article

RT Volumetric (Slag, 
Porosity)

None (Density 
dependent)

High (Thickness 
dependent)

Article 2

UT Volumetric (Cracks, 
LoF)

Grain size limited 
(e.g. Castings)

Very High 
(Geometric 
dependent)

Article 4/5

MT Surface/Near-surface Ferromagnetic only High (Surface only) Article 7

PT Surface Breaking 
Only

Non-porous 
materials only

Moderate (Surface 
only)

Article 6

VT General Surface 
Condition

None Low (Visible to eye) Article 9

LT Through-wall leaks Hermetic systems Extremely High 
(Helium)

Article 10

Procedural Execution and The "Final Documentation"

One of the most emphasized aspects in the recent 2023 ASME Section V updates is the integrity of the Final 

Documentation. The report is not merely a "pass/fail" certificate. According to the code, an NDE report must 

contain: Method and Article number referenced.Written Procedure identification and revision.Equipment 

details (serial numbers, calibration dates).Examination parameters (voltages, frequencies, penetrant types).

Sketch or map showing the location of indications.Personnel identification and certification level.

Mathematical Principles in ASME Section V

NDE is not merely observational; it is grounded in physics and mathematics. For instance, in Radiographic 

Testing (Article 2), the Geometric Unsharpness (Ug) formula is critical to image clarity: Ug = f * d / DWhere: f: 

Source size (focal spot).d: Distance from the source side of the object to the film.D:Distance from the source to

the source side of the object.

Practical Implementation: A Field Guide for Engineers

When implementing an NDE program under ASME Section V, engineers should follow a structured workflow to

ensure compliance and safety.

Step 1: Referencing the Construction Code

Determine the required examination from the construction code (e.g., Section VIII Div 1, Paragraph UW-11). This

dictates whether 100% (Full), Spot, or No radiography is required.

Step 2: Procedure Validation

Verify that the NDE provider has a Written Procedurethat covers the specific material, thickness, and geometry.

Ensure that the procedure has been demonstrated to the Inspector (AI - Authorized Inspector).

Step 3: Surface Preparation

NDE results are often compromised by poor surface conditions. Article 1 and specific method articles (PT/MT)



require surfaces to be free of scale, oil, or slag. For UT, the surface must be smooth enough to maintain coupling.

Step 4: Examination and Interpretation

The technician performs the test. Note that Interpretation (distinguishing between a relevant indication and a non-

relevant indication) is the technician's role, while Evaluation(judging the indication against acceptance standards)

is the final step in the quality process.

Case Studies and Troubleshooting

Case Study 1: False Negatives in Ultrasonic Testing of Stainless Steel

In a large-scale vessel project using austenitic stainless steel, conventional UT (Article 4) failed to detect large lack-

of-fusion defects. The large grain structure of the stainless steel caused "beam scattering." Solution: Section V, 

Article 4, Mandatory Appendix IX provides guidance on using Phased Array (PAUT)with Longitudinal waves (L-

waves) instead of shear waves, which effectively bypasses the grain interference.

Case Study 2: Temperature Effects on Liquid Penetrant

A refinery turnaround in an Arctic environment required PT on a pipe at 20°F. Standard dyes become viscous and 

fail to enter cracks at this temperature. Solution:The team utilized Article 6, Mandatory Appendix II (Non-Standard

Temperature Examination), which involved pre-heating the surface and qualifying a new dwell time specifically for

the 20°F condition.

Summary and Strategic Implications

The ASME BPVC Section V is more than a set of rules; it is a sophisticated framework designed to manage risk. 

By providing standardized methods, it ensures that an X-ray taken in a shipyard in Singapore is technically 

equivalent to one taken in a fabrication shop in Houston. As industry moves toward Industry 4.0, Section V

continues to evolve, integrating digital imaging, automated ultrasonic systems, and computer-aided evaluation while

maintaining its core focus on procedural discipline.

For the Senior Technical Writer or SEO Strategist, understanding Section V requires recognizing that its value lies 

in its technical rigor and universal applicability. For engineers and quality managers, mastery of this section is 

the primary defense against structural failure. Whether dealing with the intricacies of Acoustic Emission or the 

fundamental requirements of Visual Examination, Section V remains the definitive authority on ensuring that what

we build is safe, reliable, and compliant with global engineering standards.
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