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The ASME Boiler and Pressure Vessel Code (BPVC) Section IXstands as the international benchmark for the
qualification of welding, brazing, and fusing procedures. Originally adopted by the Council of The American Society
of Mechanical Engineers in 1914, Section IX has evolved into a sophisticated technical framework that ensures the
structural integrity and safety of pressure-retaining components across the globe. For engineers, quality control
inspectors, and fabrication managers, a granular understanding of Section IX is not merely a regulatory
requirement but a foundational pillar of mechanical integrity.

The Strategic Framework of ASME Section IX

Section IX is divided into several parts, each targeting a specific method of joining materials. Unlike construction
codes (such as ASME Section VIII for pressure vessels or Section | for power boilers) which dictate how to design
and build a component, Section IX dictates howto prove that the joining processes and the personnel performing
them are capable of producing welds, brazes, or fuses that meet the required mechanical properties.

Structural Organization of the Code

The code is organized into four primary parts, preceded by general requirements that apply across all disciplines:

e Part QG (General Requirements): Establishes the foundational rules, definitions, and responsibilities of the
manufacturer or contractor. It clarifies the requirements for the supervision of qualifications and the signing of
documents.

« Part QP (Welding): The most extensive section, covering the qualification of Welding Procedure Specifications
(WPS), Procedure Qualification Records (PQR), and Welder Performance Qualifications (WPQ).

e Part QB (Brazing): Focuses on brazing procedures (BPS), brazing records (PQR), and brazer performance
(BPQ).

e Part QF (Fusing): A relatively newer addition addressing the joining of plastic (polyethylene) piping, which is
increasingly common in industrial and utility applications.

Core Mechanics: The Golden Triangle of Qualification

In the realm of welding engineering, Section IX operates on a triadic document system. Understanding the
relationship between these three documents is essential for maintaining compliance.

1.The Welding Procedure Specification (WPS)

The WPSis the "recipe" for welding. It provides the welder or welding operator with the parameters needed to
produce a weld that meets code requirements. It must list all essential, non-essential, and (when required)
supplemental essential variables. The goal of a WPS is to provide direction to the welder to ensure the final product
is consistent and safe.

2.The Procedure Qualification Record (PQR)

The PQRIis the "proof" of the recipe. It records what actually happened during the welding of the test coupon. It
includes the actual variables used (e.g., actual voltage, amperage, travel speed) and the results of the destructive



testing (tensile tests, bend tests, toughness tests). A PQR remains valid indefinitely unless a change in an essential
variable occurs that necessitates a new qualification.

3. The Welder Performance Qualification (WPQ)

The WPQ is the "driver's license." It proves that an individual welder has the manual dexterity and skill required to
deposit sound weld metal using a qualified WPS. While the PQR proves that the process works, the WPQ proves
the person can execute it.

Technical Analysis: Essential, Non-Essential, and Supplemental Variables

Section IX categorizes variables based on their impact on the mechanical properties of the joint. This
categorization is the most critical technical aspect of the code, as it determines when a new qualification is required.

Essential Variables

Essential variables are those in which a change, as described in the specific variables table (e.g., Table QW-253 for
SMAW), is considered to affect the mechanical properties (other than toughness) of the weldment. Examples
include a change in base metal thickness beyond the qualified range, a change in P-Number, or a change in filler
metal F-Number. If an essential variable is changed, the WPS must be revised and a new PQR must be performed.

Non-Essential Variables

Non-essential variables are those in which a change may be made in the WPS without re-qualification of the PQR.
These changes do not significantly affect the mechanical properties. Examples include a change in the type of
groove (V-groove to U-groove) or a change in the size of the electrode. These changes only require an update to
the documentation of the WPS.

Supplemental Essential Variables

These variables become "essential" only when the construction code (such as Section VIII, Division 1) requires
notch-toughness testing. This typically occurs in low-temperature service applications. In these cases, variables like
heat input or welding position might become supplemental essential variables that require re-qualification if altered.

The P-Number and F-Number Classification System

To reduce the number of required qualifications, ASME Section IX groups materials and filler metals based on their
characteristics.



Classification Type Description Purpose

P-Number Groups base metals by chemical To reduce the number of procedure
composition, weldability, and qualifications required. For example,
mechanical properties. P1 includes carbon steels.

Group Number A sub-classification of P-Numbers Used specifically when notch
based on impact testing properties. toughness is a requirement

(Supplemental Essential Variables).

F-Number Groups filler metals based on their Reduces the number of performance
usability characteristics. qualifications (welder tests) needed.
A-Number Groups ferrous weld metal based on Ensures the weld metal deposit
its chemical composition. matches the design requirements for
the WPS.

Mathematical Framework: Heat Input Calculations

For applications involving supplemental essential variables, calculating heat input is mandatory. Heat input is a
critical factor in determining the cooling rate and, consequently, the microstructure and toughness of the heat-
affected zone (HAZ).

The standard formula for heat input (H) is:
H=(E x| x60)/(V x 1000)
Where:

e H: Heat Input (kJ/mm or kJ/in)

E: Voltage (Volts)

I: Amperage (Amps)

V: Travel Speed (mm/min or in/min)

¢ 60: Conversion factor for minutes to seconds

e 1000: Conversion factor for Joules to KiloJoules

Engineers must monitor these variables closely, as exceeding the heat input recorded in the PQR can lead to a
loss of toughness, necessitating a full re-qualification of the procedure.

Comparative Analysis: ASME Section IX vs. ISO 15614-1

In the global market, manufacturers often encounter the European-centric ISO 15614-1 standard. While both aim
for weld quality, their philosophies differ significantly.



Feature

Philosophy

Test Coupon

Documentation

Third-Party

ASME Section IX

Logical grouping (P-Numbers) to
minimize testing.

Focuses on mechanical properties
(Tensile/Bend).

WPS/PQR/WPQ system.

Manufacturer takes full responsibility
(PE oversight in 2023).

ISO 15614-1 (Level 2)

More rigid testing requirements per
specific material.

Focuses on mechanical properties
plus Micro/Macro-examination.

pPWPS/WPQR/WQT system.

Usually requires an independent
notified body or examiner.

Hardness Testing Only required if specified by the Mandatory for many material groups.

construction code.

Key Updates in the 2023 Edition

The 2023 edition of ASME BPVC Section IX introduced several critical changes that impact how organizations
manage their quality programs. One of the most significant shifts involves Professional Engineer (PE)
requirements. The code has clarified the role of the certifying engineer in the review and approval of procedure
qualifications, emphasizing the need for technical oversight in complex welding environments.

Significant Changes Include:

< Editorial Revisions: Extensive updates to Table QW-451.1 regarding thickness limits for procedure
qualification.

e Brazing (Part QB): New clarifications on the use of manual vs. mechanized brazing and the associated
variables.

e Fusing (Part QF): Expanded coverage for high-density polyethylene (HDPE) materials, reflecting the
industry's shift toward non-metallic pressure piping in utility and desalination projects.

< E-mail/Electronic Records: Explicit allowances and standards for the digital storage of WPS and PQR records,
provided they maintain traceability and security.

Field Guide: Step-by-Step Procedure Qualification

Qualifying a new welding procedure is a resource-intensive process. Following a structured workflow ensures
compliance and minimizes the risk of test failure.

Step 1: Determine Requirements

Identify the base metals, filler metals, and thickness ranges required for production. Consult the applicable
construction code (e.g., ASME VIII) to see if notch toughness or post-weld heat treatment (PWHT) is required.

Step 2: Draft a Preliminary WPS (pWPS)

Create a preliminary document that outlines the ranges you intend to test. This serves as a guide for the welding
technician during the coupon fabrication.

Step 3: Weld the Test Coupon

Supervise the welding of the coupon. An authorized representative of the manufacturer must record all actual
variables (Amps, Volts, Speed, Pre-heat). Note: The 2023 code emphasizes that this must be done under the full



control of the qualifying organization.

Step 4: Destructive Testing

The coupon is sent to a laboratory for testing. Standard tests include:

1. Tension Tests: To ensure the weld's ultimate tensile strength meets or exceeds the minimum specified for the
base metal.

2. Guided-Bend Tests: To check for ductility and the absence of internal defects.

3. Toughness (Charpy V-Notch): Required for low-temperature service.

Step 5: Finalize the PQR and WPS

If the tests pass, the PQR is signed and certified. A final WPS is then generated, reflecting the ranges allowed by
the PQR based on the tables in Section IX (e.g., QW-451 for thickness).

Troubleshooting and Common Failure Modes

Even seasoned engineering teams encounter failures during the qualification process. Understanding the root
causes can save thousands of dollars in laboratory fees.

Failure in Tension Tests

If the specimen breaks in the weld metal below the required strength, the filler metal may be incorrect, or the heat
input may have been too high, causing excessive grain growth. If it breaks in the base metal, ensure the base metal
itself meets the material certification (MTR).

Failure in Bend Tests

Bend test failures often indicate lack of fusion or slag inclusions. This is typically a welder skill issue (for WPQ)
or a flaw in the joint design/cleaning procedure (for PQR). In Fusing (Part QF), bend failures often result from
contamination at the fusion interface.

Impact Test Failures

This is common in carbon steels. If the Charpy V-Notch results are too low, the heat input is usually the culprit. High
heat input slows the cooling rate, leading to coarse grains that have poor low-temperature toughness. Reducing the
interpass temperature is a common solution.

Broader Implications of Section IX Compliance

The adoption of ASME Section IX extends far beyond the borders of the United States. It is a truly global language
of engineering. For manufacturers, compliance with Section IX is a gateway to international contracts in the oil and
gas, nuclear, and chemical processing industries.

As we look toward the future, the integration of Industry 4.0with Section 1X is becoming a reality. Real-time
monitoring systems now allow for the digital capture of welding variables directly into an electronic PQR format.
The 2023 updates reflect this technological progression, ensuring that while the methods of joining materials may
advance—from manual SMAW to robotic laser welding—the fundamental requirement for safety and mechanical
verification remains unchanged.

Ultimately, Section IX serves as a testament to the engineering community’'s commitment to public safety. By
providing a rigorous, scientifically-backed methodology for qualifying procedures and personnel, it ensures that the
pressurized systems we rely on for energy, transport, and manufacturing are built to withstand the rigors of their



service environment.
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