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

qualification of welding, brazing, and fusing procedures, as well as the personnel who perform them. Revised

biennially, with the most recent major updates occurring in 2021 and 2023, Section IX provides the essential

framework for ensuring that fabrication processes are repeatable and that the resulting joints meet the rigorous

safety standards required for pressure-retaining equipment. For engineers, quality control inspectors, and

fabricators, a deep understanding of Section IX is not merely a regulatory requirement but a cornerstone of

structural integrity and risk mitigation.

The Fundamental Framework of ASME Section IX

ASME Section IX is organized into several distinct parts, each addressing a specific joining technology or general

administrative requirement. The code is designed to be used in conjunction with other sections of the ASME BPVC

(such as Section VIII for Pressure Vessels or Section III for Nuclear Facilities) and the B31 Piping Codes. The

primary objective is to demonstrate that a proposed construction process is capable of producing joints with the

required mechanical properties for the intended application.

The General Requirements: Part QG

Introduced to harmonize the requirements across different joining processes, Part QG (General Requirements)

establishes the basic rules that apply to welding, brazing, and fusing. This section defines the responsibilities of the

organization. Under Section IX, the organization (fabricator or contractor) maintains the ultimate responsibility for

the quality of the work and must certify that the procedures and personnel have been qualified in accordance with

the code. Key concepts in Part QG include:

•  Procedure Specification: A written document providing direction to the person performing the joining process.

•  Procedure Qualification Record (PQR): A record of the data used to qualify the procedure specification, 

including the actual variables recorded during the test and the results of the mechanical tests.

•  Performance Qualification: The demonstration of a welder’s or operator’s ability to produce a sound joint using 

a qualified procedure.

Part QW: Detailed Analysis of Welding Qualifications

Part QW is the most widely utilized portion of Section IX, covering the qualification of welding procedures and

welding personnel. It is structured into chapters dealing with general requirements, variables, data, and testing

methods.

Welding Procedure Specification (WPS) vs. Procedure Qualification Record (PQR)

A Welding Procedure Specification (WPS) is a formal document describing standard welding procedures. It 

provides direction to the welder to ensure compliance with the Code requirements. To validate a WPS, a 

Procedure Qualification Record (PQR)must be generated. The PQR documents what happened during the

welding of the test coupon and the subsequent mechanical testing results.



Feature Welding Procedure Specification 
(WPS)

Procedure Qualification Record 
(PQR)

Purpose Provides instructions for the welder. Proves the procedure produces 
sound welds.

Variables Lists ranges for essential and non-
essential variables.

Records actual values used during 
the test.

Testing Not applicable. Requires mechanical testing (tensile, 
bend, etc.).

Revisions Can be amended without 
requalification (for non-essential 
variables).

Cannot be changed; requires a new 
test for changes in essential variables.

Essential, Non-essential, and Supplemental Essential Variables

Section IX categorizes welding variables based on their impact on the mechanical properties of the joint.

Understanding these distinctions is critical for maintaining compliance without unnecessary requalification costs.

•  Essential Variables: Changes in these variables are considered to affect the mechanical properties (other 

than notch toughness) of the weldment. If an essential variable is changed beyond the range permitted in the 

original WPS, a new PQR must be performed. Examples include a change in base metal P-Number or filler metal F-

Number.

•  Non-essential Variables: These are variables that do not significantly affect the mechanical properties but 

must still be addressed in the WPS. Examples include a change in the type of groove or the method of back-

gouging.

•  Supplemental Essential Variables: These variables become essential only when the referencing Code Section 

(e.g., Section VIII, Div 1) requires toughness testing (Charpy V-Notch). They focus on variables that impact the heat-

affected zone (HAZ) and weld metal toughness, such as heat input and welding position.

Material Groupings: P-Numbers, F-Numbers, and A-Numbers

To reduce the number of procedure qualifications required, ASME Section IX groups materials with similar

characteristics.

P-Numbers (Base Metals)

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

example, P-No. 1 includes carbon steels, while P-No. 8 covers austenitic stainless steels. Group numbers are

further assigned within P-Numbers when notch toughness is a consideration.

F-Numbers (Filler Metals)

Filler metals are grouped into F-Numbersbased on their usability characteristics. This grouping is intended to

reduce the number of performance qualifications required by welders, as it assumes that a welder capable of

handling one filler metal in a group can handle others in the same group with similar ease.

A-Numbers (Weld Metal Chemical Composition)

A-Numbersclassify the chemical analysis of the deposited weld metal. This is a critical factor in ensuring that the

corrosion resistance and mechanical strength of the weld match the design requirements of the base material.



The Qualification Process: Step-by-Step Execution

Qualifying a welding procedure under ASME Section IX 2023 follows a rigorous technical workflow designed to

eliminate variability and ensure safety.

Step 1: Preparation of the Preliminary WPS (pWPS)

The engineering department drafts a pWPS that defines the parameters for the test coupon. This includes selecting

the base material (P-Number), filler metal (F-Number), shielding gas, and electrical characteristics.

Step 2: Welding the Test Coupon

A test coupon is welded according to the pWPS. An inspector or supervisor must witness the process, recording 

the actualamperage, voltage, travel speed, and preheat temperatures. These recorded values will form the basis

of the PQR.

Step 3: Non-Destructive and Destructive Testing

The coupon is subjected to testing as specified in Article II (for procedures) or Article III (for performance).

Common tests include:

•  Tension Tests: To determine the ultimate tensile strength of the joint. The weld must generally meet or exceed 

the minimum specified tensile strength of the base metal.

•  Guided-Bend Tests: To check for ductility and the presence of discontinuities within the weld metal or heat-

affected zone.

•  Toughness Testing: If required by the construction code, Charpy V-notch tests are performed at specific 

temperatures.

Step 4: Documentation and Certification

If the tests pass, the data is recorded on a PQR form and certified by the organization. The final WPS is then

written, using the ranges allowed by Section IX based on the PQR data.

2023 Code Updates: What Has Changed?

The 2023 Edition of ASME BPVC Section IX introduced several refinements and clarifications to keep pace with

modern manufacturing technologies. Notable changes include:

•  Updates to PE Requirements: Clarifications on the role of Professional Engineers in the certification of 

documents and the oversight of testing facilities.

•  Errata and Corrections: The 2023 version addresses previous clerical errors in the 2021 edition regarding 

table references and variable descriptions.

•  Fusing Qualifications: Enhanced data for plastic fusing, reflecting the growing use of high-density 

polyethylene (HDPE) in pressure applications.

•  Digital Documentation: Increased guidance on the use of electronic signatures and digital records for PQRs 

and WPQs, provided they maintain data integrity.

Advanced Technical Analysis: Heat Input Calculations

In applications where notch toughness is required, the Heat Inputbecomes a supplemental essential variable.

Heat input (expressed in Joules per inch or mm) is calculated using the following formula:

Heat Input = (Voltage × Amperage × 60) / Travel Speed



Engineers must carefully monitor this because excessive heat input can enlarge the grain structure in the Heat

Affected Zone (HAZ), significantly reducing the material's impact toughness. Conversely, too little heat input can

lead to lack of fusion or hydrogen-induced cracking in certain high-alloy steels.

Brazing and Fusing: Parts QB and QF

While welding dominates the discourse, Part QB (Brazing) and Part QF (Fusing) are equally vital for specific 

industries. Brazing qualifications focus on the flow of filler metal by capillary action and the temperature control 

necessary to avoid damaging the base metal. Fusing qualifications, primarily found in Part QF, address the heat-

joining of polymer pipes. The variables for fusing include heater plate temperature, interface pressure, and soak

time—parameters that are strictly monitored to ensure the molecular chain entanglement required for a sound joint.

Common Pitfalls and Troubleshooting in Section IX Compliance

Even experienced fabricators often encounter challenges during the qualification process. Below are common

failure modes and their technical solutions.

Failure in Guided Bend Tests

Issue: The bend specimen cracks or exhibits surface openings exceeding 1/8 inch (3mm).Solution:This is often

caused by lack of side-wall fusion or inclusions. Technical adjustments include increasing the groove angle,

ensuring proper cleaning between passes, or adjusting the electrode manipulation technique to ensure better

penetration.

Tensile Strength Below Minimum

Issue: The test specimen breaks in the weld metal at a stress lower than the base metal's specified minimum 

tensile strength.Solution:This suggests improper filler metal selection (incorrect A-Number) or excessive dilution

from the base metal. Review the filler metal's Batch Test Report and consider using a lower heat input to reduce

dilution.

Documentation Gaps

Issue: A WPS is found to be missing a required essential variable during an audit.Solution:The organization must

perform a gap analysis. If the missing variable was recorded during the PQR test, the WPS can be revised. If it was

not recorded, the procedure must be requalified.

Practical Field Guide: Managing Welder Performance Qualifications (WPQ)

While the WPS/PQR qualifies the process, the WPQqualifies the person. It is a common misconception that a

welder who passes a test on a specific WPS is qualified for everything in that WPS. The WPQ is governed by its

own set of essential variables, such as:

1.  Position: A welder qualified in the 6G position is typically qualified for all positions, whereas 1G qualification 

is highly restrictive.

2.  Backing: Removal of backing is an essential variable for welder performance.

3.  Pipe Diameter: There are specific limits on the minimum pipe diameter a welder can weld based on the test 

coupon diameter.

Continuity:To maintain qualification, a welder must use the specific process (e.g., GMAW, GTAW) at least once

every six months. Failure to document this continuity results in the expiration of the welder’s qualifications,

necessitating a retest.



Conclusion: The Strategic Importance of Section IX

Adherence to ASME Section IX is more than a box-ticking exercise for regulatory compliance. It is a sophisticated

engineering discipline that ensures the safety of high-pressure systems, from nuclear reactors to transcontinental

pipelines. By systematically controlling the variables of welding, brazing, and fusing, Section IX provides a universal

language of quality that allows manufacturers to compete in a global market while safeguarding public safety. As

materials science evolves and new joining technologies—such as additive manufacturing and laser welding—

become more prevalent, Section IX will continue to adapt, providing the rigorous framework necessary for the next

generation of industrial infrastructure.

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 Section IX  #Welding Qualification  #ASME BPVC  #WPS PQR  #Industrial Standards

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 5



Page 2 of 5



Page 3 of 5



Page 4 of 5



Page 5 of 5


