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The ASME Boiler and Pressure Vessel Code (BPVC) stands as the definitive international standard for the design, 

construction, and maintenance of pressure vessels. Within this regulatory framework, ASME Section IXholds a

position of paramount importance, serving as the universal reference for the qualification of welding, brazing, and

fusing procedures. As of the 2021 and 2023 updates, the code has undergone significant refinements to

accommodate emerging technologies, material properties, and professional engineering requirements. This article

provides a technical deep-dive into the mechanics of ASME Section IX, offering engineers, quality control

inspectors, and fabricators a comprehensive roadmap for compliance and operational excellence.

The Strategic Framework of ASME Section IX

ASME Section IX is uniquely structured compared to other sections of the BPVC. While sections like Section VIII 

(Pressure Vessels) or Section I (Power Boilers) provide design rules and allowable stresses, Section IX focuses 

exclusively on the integrity of the joining process. Its primary objective is to ensure that the fabricator’s proposed

joining procedure is capable of producing joints with the required mechanical properties, and that the individual

welder or operator possesses the skill to execute that procedure consistently.

Scope and Integration

The code is divided into four major parts: QW (Welding), QB (Brazing), QF (Fusing), and GR (General 

Requirements). Each part provides a parallel structure for qualifying procedures and personnel. It is important to

note that Section IX does not stand alone; it is invoked by other construction codes. For instance, if an engineer is

designing a vessel under ASME Section VIII, the construction code will specify that all welding must be qualified in

accordance with Section IX. This integration ensures a standardized level of quality across the entire global

pressure equipment industry.

Core Documentation: Understanding WPS, PQR, and WPQ

At the heart of ASME Section IX compliance lies a trio of documents that form the legal and technical backbone of

any welding operation. These documents must be meticulously prepared, verified, and maintained to satisfy

jurisdictional requirements and safety standards.

1. Welding Procedure Specification (WPS)

The Welding Procedure Specification (WPS)is a written document that provides direction to the welder or

welding operator for making production welds. It defines the limits of all variables used in the process. A WPS must

be detailed enough to ensure that any qualified welder can follow the instructions and produce a weld that meets

the intended mechanical properties. Key elements of a WPS include the welding process (e.g., SMAW, GTAW,

GMAW), base metal specifications, filler metal types, electrical characteristics, and technique.

2. Procedure Qualification Record (PQR)

The Procedure Qualification Record (PQR) is the supporting evidence for the WPS. It records the actual 



variables used during the welding of a test coupon and the results of the mechanical tests performed on that 

coupon. While a WPS provides ranges (e.g., a voltage range of 20-30V), the PQR records the actual values(e.g.,

24V) observed during the qualification test. A single PQR can often support multiple WPSs, provided the variables

remain within the limits allowed by the code.

3. Welder Performance Qualification (WPQ)

While the WPS and PQR qualify the *process*, the Welder Performance Qualification (WPQ)qualifies the

*person*. The WPQ confirms that the individual welder has the manual dexterity and skill to deposit sound weld

metal using a specific process. Unlike the PQR, which focuses on mechanical properties like tensile strength and

ductility, the WPQ focuses primarily on weld soundness, often verified through bend tests or volumetric NDE (Non-

Destructive Examination).

Technical Variables: Essential, Non-Essential, and Supplemental

Section IX classifies welding variables into three distinct categories. Understanding these is critical for determining

when a new qualification (and thus a new PQR) is required.



Variable Type Definition Impact on Re-Qualification

Essential Variables Variables that affect the mechanical 
properties of the weldment (excluding 
impact toughness).

Any change requires a new PQR and 
a revised WPS.

Non-Essential Variables Variables that affect the aesthetic or 
procedural execution but not the 
mechanical properties.

Can be changed on the WPS without 
re-qualifying the PQR.

Supplemental Essential Variables Variables that become essential only 
when the construction code requires 
impact testing (toughness).

Change requires a new PQR if 
toughness testing is mandatory.

Mechanical Property Drivers

Essential variables often include changes in the P-Number (base metal group), F-Number(filler metal group), or a

significant change in base metal thickness. For example, switching from a carbon steel (P1) to a stainless steel

(P8) requires a new PQR because the metallurgical interactions and mechanical outcomes differ significantly.

Similarly, a change in the welding process (e.g., moving from Shielded Metal Arc Welding to Gas Metal Arc

Welding) is always an essential variable change.

Classification Systems: P-Numbers, F-Numbers, and A-Numbers

To reduce the administrative burden of qualifying every single alloy and filler metal combination, ASME Section IX

uses a grouping system based on metallurgical compatibility and mechanical properties.

P-Numbers (Base Metals)

Base metals are assigned P-Numbersbased on their composition, weldability, and mechanical characteristics. For

instance, P-No. 1 covers carbon steels, while P-No. 8 covers austenitic stainless steels. By grouping materials, a

PQR conducted on one material in a P-Number group can often qualify the shop to weld all other materials within

that same group, subject to specific code restrictions.

F-Numbers and A-Numbers (Filler Metals)

F-Numbers group filler metals based on their usability characteristics (e.g., the type of flux or shielding gas 

required). A-Numbers, on the other hand, classify the chemical composition of the deposited weld metal. These

classifications ensure that the filler metal is compatible with the base metal and will provide the necessary strength

and corrosion resistance in the finished joint.

The 2021 and 2023 Code Updates: Key Changes

The transition from the 2021 to the 2023 edition of ASME BPVC Section IX introduced several critical updates that 

affect documentation and engineering oversight. One of the most notable changes involves the Professional 

Engineer (PE) requirements for certain certifications and the integration of new material properties.

Enhanced PE Oversight

The 2023 update clarifies the requirements for certifying documents. In certain jurisdictions and for specific high-

pressure applications, the role of the Professional Engineer in reviewing and signing off on PQR and WPS

documentation has been emphasized to ensure a higher level of technical accountability. This aligns with broader

industry trends toward rigorous quality management systems.



Advances in Fusing and Brazing

While welding remains the dominant focus, Part QF (Fusing) has seen expanded tables for high-density 

polyethylene (HDPE) materials, reflecting the increasing use of non-metallic piping in industrial applications. The 

2023 edition provides updated criteria for Electrofusion and Butt-fusing, ensuring that the same level of rigor

applied to metallic welding is extended to polymer joining.

Step-by-Step Procedure for Qualifying a New WPS

For a Senior Technical Writer or Lead Engineer, documenting the qualification process is a high-stakes task. The

following workflow represents the standard industry approach to establishing a new welding procedure under

ASME IX.

Step 1: Identify Construction Requirements

Consult the referencing code (e.g., ASME Section VIII Div 1). Determine if Impact Testing is required. This will

dictate whether Supplemental Essential Variables must be treated as Essential Variables during the test.

Step 2: Prepare a Preliminary WPS (pWPS)

Draft a preliminary WPS that outlines the proposed variables for the test. This document serves as a guide for the

welder during the coupon fabrication. It should specify the P-Number, F-Number, joint design, and electrical

parameters.

Step 3: Weld the Test Coupon

A welder performs the weld on a test plate or pipe. A qualified inspector must monitor the process, recording the 

actual valuesfor amperage, voltage, travel speed, and preheat temperature. These observations are the raw data

for the PQR.

Step 4: Mechanical Testing

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

•  Tension Tests: To ensure the weld's ultimate tensile strength meets or exceeds the minimum specified for the 

base metal.

•  Guided-Bend Tests: To check for ductility and the absence of internal flaws or lack of fusion.

•  Charpy V-Notch (if required): To measure the notch toughness at specific temperatures.

Step 5: Finalize the PQR and WPS

Once the lab results are in, the PQR is completed and signed. Based on the successful PQR, the final WPS is

generated, establishing the qualified ranges for production welding. For example, if the PQR was welded at 200

Amps, the WPS might allow a range of 180-220 Amps.

Common Pitfalls and Troubleshooting in Section IX Compliance

Even experienced engineering firms encounter challenges with Section IX. Most issues stem from documentation

errors or a misunderstanding of variable limits.

1. Incorrect Thickness Range Qualification

One of the most frequent errors is assuming that a PQR qualifies a welder for any thickness. Table QW-451.1

specifies the range of thickness qualified based on the thickness of the test coupon. For instance, a 10mm test

coupon typically qualifies a WPS for a range of 1.5mm up to 20mm. Welding a 25mm vessel wall with this WPS



would be a major non-conformance.

2. Ignoring Supplemental Essential Variables

When impact testing is required by the construction code, variables that were previously "Non-Essential" (like the

specific brand of flux or a change in heat input) become "Supplemental Essential." Failing to record these during

the PQR stage can invalidate the entire qualification if toughness is a requirement.

3. Misapplication of P-Number Groupings

While P-Numbers allow for grouping, certain "Unassigned" metals (those not listed in Table QW-422) require their

own individual PQR. Engineers must verify that the specific material specification and grade are explicitly covered

by the P-Number grouping intended for use.

Comparative Analysis: 2021 vs. 2023 Feature Matrix

To assist in the transition between code cycles, the following table summarizes the key areas of focus in the recent

editions.



Feature / Requirement 2021 Edition Context 2023 Edition Updates

PE Requirements Standard jurisdictional oversight. Increased emphasis on PE 
certification for high-risk PQR/WPS.

Material Coverage Standard P-No. tables. Addition of new high-strength alloys 
and expanded HDPE data in Part QF.

Digital Documentation Permitted but not standardized. Revised guidance on the use of 
electronic records and digital 
signatures.

NDE Integration Volumetric NDE permitted for WPQ. Refined criteria for ultrasonic testing 
(UT) as a primary soundness check.

Summary and Future Implications

ASME Section IX continues to be the bedrock of industrial safety and engineering integrity. The transition from the 

2021 to the 2023 edition reflects a broader shift toward greater technical precision and accountability. By mastering 

the relationships between the WPS, PQR, and WPQ, and staying abreast of changes in essential variables and

material classifications, organizations can ensure not only regulatory compliance but also the highest levels of

structural reliability.

As we move toward 2026 and beyond, the code is expected to further integrate Additive Manufacturing (AM)and

automated welding technologies. For the modern technical professional, Section IX is not merely a set of rules to

follow—it is a sophisticated engineering framework that facilitates global trade and protects public safety by

ensuring that every joint in a pressure system is as strong and reliable as the metal it connects. Continuous

education and rigorous adherence to these standards remain the only viable path for excellence in the field of

pressure equipment fabrication.

Baca Juga (Artikel Terkait)

•  Comprehensive Technical Analysis of the 2010 ASME Boiler and Pressure Vessel Code (BPVC): 
Standards, Revisions, and Engineering Applications

   URL: http://alghafgolden.com/technical-analysis-2010-asme-boiler-pressure-vessel-code.pdf

•  Comprehensive Engineering Guide to ASME B16.1 Gray Iron Pipe Flanges and Flanged Fittings
   URL: http://alghafgolden.com/comprehensive-guide-asme-b16-1-gray-iron-pipe-flanges.pdf

•  The Comprehensive Technical Guide to ASME B16.5: Pipe Flanges and Flanged Fittings Standard
   URL: http://alghafgolden.com/comprehensive-guide-asme-b16-5-pipe-flanges.pdf

•  Comprehensive Engineering Guide to ASME B18.3 Standards: Fastener Specifications, Dimensions, and 
Mechanical Applications

   URL: http://alghafgolden.com/guide-asme-b18-3-fastener-specifications-mechanical-applications.pdf

Tags: #ASME BPVC  #Section IX  #Welding Qualification  #WPS PQR WPQ  #Pressure Vessel Code

http://alghafgolden.com/technical-analysis-2010-asme-boiler-pressure-vessel-code.pdf
http://alghafgolden.com/technical-analysis-2010-asme-boiler-pressure-vessel-code.pdf
http://alghafgolden.com/comprehensive-guide-asme-b16-1-gray-iron-pipe-flanges.pdf
http://alghafgolden.com/comprehensive-guide-asme-b16-5-pipe-flanges.pdf
http://alghafgolden.com/guide-asme-b18-3-fastener-specifications-mechanical-applications.pdf
http://alghafgolden.com/guide-asme-b18-3-fastener-specifications-mechanical-applications.pdf


Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6


