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Metallurgy

In the high-stakes world of industrial manufacturing, pressure vessel construction, and structural

engineering, the integrity of a weld is not merely a matter of aesthetic craftsmanship but a critical

safety requirement. The American Society of Mechanical Engineers (ASME) Boiler and

Pressure Vessel Code (BPVC), specifically Section IX, serves as the international gold standard

for the qualification of welding and brazing procedures. At the heart of this complex regulatory

framework lies a systematic classification system designed to streamline the qualification process: 

P-Numbers, Group Numbers, F-Numbers, and A-Numbers.

For a Senior Welding Engineer or Quality Control Manager, understanding these alphanumeric

designations is essential for reducing operational costs and ensuring code compliance. This guide

provides an in-depth technical analysis of these classifications, their metallurgical foundations, and

their practical application in Welding Procedure Specifications (WPS) and Welder Performance

Qualifications (WPQ).

The Logic of Material Grouping: Understanding P-Numbers

The primary objective of the P-Number system, as defined in QW-420 of ASME Section IX, is to

reduce the number of welding procedure qualifications required. Without this grouping system, an

organization would be forced to qualify a separate procedure for every unique material

specification, grade, and type, leading to an exponential increase in testing costs and

administrative overhead.

Criteria for P-Number Assignment

P-Numbers are assigned to base metals based on several critical factors that influence their

weldability and mechanical properties. These include:

- Chemical Composition: The percentage of alloying elements such as Carbon, Manganese,

Chromium, Nickel, and Molybdenum.

- Weldability: The ease with which a material can be welded without defects like cracking or

porosity.

- Mechanical Properties: Tensile strength, yield strength, and ductility.
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- Heat Treatment Requirements: Whether the material requires preheating or post-weld heat

treatment (PWHT) to maintain structural integrity.

By grouping materials with similar characteristics under a single P-Number, ASME allows a

procedure qualified with one material to be used for other materials within the same group,

provided other essential variables remain constant.

The Role of Group Numbers

While P-Numbers categorize materials by general weldability, Group Numbers serve as a

sub-classification within a P-Number. Group Numbers are mandatory when impact testing (notch

toughness) is required by the construction code (such as ASME Section VIII or B31.3). If a material

must withstand cryogenic temperatures or high-pressure environments where brittle fracture is a

risk, the specific Group Number becomes an essential variable. For example, a qualification on a

P-Number 1, Group 1 material may not necessarily qualify for a P-Number 1, Group 2 material if

impact testing is a project requirement.

Detailed Classification of Base Metals (P-Numbers)

The following table provides a breakdown of common P-Number assignments for ferrous and

non-ferrous metals frequently encountered in industrial applications.
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P-Number Base Metal Category Typical Material ExamplesMetallurgical Characteristics

P1 Steel and Steel Alloys ASTM A36, A106 Grade B,

A516 Grade 70

Low carbon steels with

excellent weldability.

P3 Low Alloy Steels (0.5%

Mo)

ASTM A335 Grade P1,

A204 Grade A

Requires preheat to

prevent hydrogen-induced

cracking.

P4 Low Alloy Steels (1% Cr,

0.5% Mo)

ASTM A335 Grade P11,

P12

Increased creep resistance

for high-temperature

service.

P5A/B/C High Alloy Steels (2.25% -

9% Cr)

ASTM A335 Grade P22,

P91

Complex metallurgy;

requires strict PWHT and

temperature control.

P8 Austenitic Stainless Steels SS 304, SS 316, SS 347 High corrosion resistance;

no PWHT usually required;

risk of carbide precipitation.

P10H Duplex Stainless Steels ASTM A790 S32205

(2205)

Mixed ferrite/austenite

microstructure; high

strength and SCC

resistance.

P21 - P25 Aluminum and Aluminum

Alloys

6061-T6, 5083 High thermal conductivity;

sensitive to porosity.

P41 - P45 Nickel and Nickel Alloys Monel 400 (P42), Inconel

600, Hastelloy

Excellent for extreme

chemical environments.
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A Special Focus on P15E: The P91 Challenge

In the JSON data provided, P91 material (9Cr-1Mo-V) is highlighted. Formerly classified under

P5B, it is now often found in the P15E group. Welding P91 requires extreme precision due to its

martensitic structure. The PAUT (Phased Array Ultrasonic Testing) mentioned in the data is

critical because P91 welds are susceptible to Type IV cracking in the heat-affected zone (HAZ).

The grouping of P91 emphasizes that while P-Numbers simplify things, the specific nuances of

high-alloy materials require advanced NDT techniques and strict adherence to cooling rates.

The Filler Metal Matrix: F-Numbers and A-Numbers

Just as base metals are grouped to save costs, filler metals (electrodes, wires, and rods) are

categorized based on their usability and chemical properties.

F-Numbers: Usability and Performance (QW-430)

F-Numbers are assigned based on the characteristics of the filler metal that determine the ability

of the welder to deposit sound weld metal. Factors include the type of flux coating, the slag system,

and the arc stability. The logic here is that if a welder can demonstrate proficiency with a specific

F-Number, they should be capable of welding with other filler metals in that same group.

- F-1 through F-4: Carbon steel electrodes (e.g., E6010 is F-3, E7018 is F-4).

- F-5: Austenitic Stainless Steel electrodes.

- F-6: Bare wire (GTAW/GMAW) for carbon and low-alloy steels.

- F-43: Nickel-based filler metals, such as ERNiCu-7 used for welding Monel 400.

A-Numbers: Weld Metal Analysis (QW-440)

While F-Numbers focus on how the filler metal handles during welding, A-Numbers focus on the

final chemical composition of the deposited weld metal. This is critical for ensuring that the weld

joint has the same corrosion resistance and mechanical strength as the base metals. A-Numbers

are typically determined from the manufacturer's data sheet or through a chemical analysis of a

test coupon.

Practical Implementation: Qualifying a WPS and WPQ

The integration of P, F, and A numbers into the Welding Procedure Specification (WPS) is a

multi-step process that requires careful documentation. Here is a procedural guide for technical

writers and engineers.

Step 1: The Procedure Qualification Record (PQR)
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The PQR is the record of the actual welding variables used to produce an acceptable test

weldment. It must include:

1. The specific P-Number and Group Number of the base metal used for the test.

2. The F-Number and A-Number of the filler metal.

3. Mechanical test results (Tension, Guided-Bend, Impact).

Step 2: Developing the WPS

Based on a successful PQR, a WPS is drafted. The WPS defines the "Range Qualified." For

instance, if you qualify a PQR using P-Number 1 material, your WPS is generally valid for all

materials within P-Number 1 (and potentially others depending on specific code rules like

QW-424).

Step 3: Welder Performance Qualification (WPQ)

When a welder undergoes a test, their WPQ record tracks the F-Number they used. ASME Section

IX provides a specific range of qualification. For example, a welder who qualifies with an F-4

electrode (E7018) is typically also qualified to weld with F-1, F-2, and F-3 electrodes, but the

reverse is not true. This hierarchy reflects the increasing difficulty of the welding technique required

for different flux systems.

Technical Comparison: P-Numbers vs. S-Numbers

In older versions of the code and in specific B31.3 piping applications, you may encounter S-Numb

ers. It is important for modern engineers to understand the distinction.
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Feature P-Number S-Number (Historical)

Regulatory Basis Mandatory for ASME Section IX

compliance.

Formerly used for materials in the

B31 Code but not in Section II.

Current Status Active and continuously updated. Largely phased out; S-Numbers

were merged into P-Numbers in

2009.

Application Boilers, pressure vessels, nuclear

components.

Process piping and non-nuclear

applications.

Interchangeability Primary reference for all

qualifications.

If a procedure was qualified for a

P-Number, it covered the

corresponding S-Number.
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Case Study: Welding Monel 400 to Carbon Steel

Consider a real-world scenario involving Monel 400 (a Nickel-Copper alloy) being joined to A106

Grade B (Carbon Steel). This is a common requirement in desalination plants and marine

environments.

Technical Breakdown:

- Base Metal 1: A106 Grade B (P-Number 1).

- Base Metal 2: Monel 400 (P-Number 42).

- Filler Metal Selection: ERNiCu-7 (F-Number 43).

- A-Number: Not applicable for non-ferrous metals, but the chemistry must be tracked via the

filler metal specification (SFA-5.14).

The engineer must ensure the WPS is qualified for joining P1 to P42. According to QW-424, a PQR

conducted by joining P1 to P42 qualifies the procedure for any P1 material to any P42 material.

However, the welder must be specifically qualified for the process (e.g., GTAW) and the F-43 filler

metal to perform the work on-site.

Troubleshooting Common Classification Errors

In the field, errors in P and F number assignment can lead to catastrophic failures or the rejection

of entire fabrication batches during a National Board or API 570 inspection.

1. Incorrect PWHT for P-Number Changes

A common mistake is assuming that all P-Numbers require the same post-weld heat treatment.

While P1 steels rarely require PWHT (depending on thickness), P4 and P5 materials must be

heat-treated to reduce hardness and prevent cracking. Using a P1 procedure on a P4 material will

result in a brittle heat-affected zone.

2. Overlooking Impact Test Requirements

When working with low-temperature service (e.g., ASTM A333 Grade 6), the Group Number

becomes an essential variable. If the PQR was performed on P1 Group 1 but the production

material is P1 Group 2, the procedure may be invalid if impact testing is required, necessitating a

complete re-qualification.

3. Filler Metal Mismatch (A-Number Errors)

For corrosion-resistant applications, the A-Number is vital. If a welder uses a filler metal that results

in a lower Chromium content in the weld deposit than the base metal (e.g., using a 308L filler on
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316L base metal in a high-moly environment), the weld will corrode preferentially, leading to

premature failure of the vessel.

Summary and Strategic Implications

The ASME Section IX classification system-comprising P-Numbers, Group Numbers, F-Numbers,

and A-Numbers-is a sophisticated engineering language designed to balance safety with economic

efficiency. By understanding the metallurgical commonalities that define these groups,

manufacturers can maximize the utility of their existing Procedure Qualification Records while

maintaining the highest standards of structural integrity.

As we move toward Industry 4.0, the digitization of these codes is becoming more prevalent.

Advanced welding management software now integrates the ASME IX database, allowing for

automated verification of WPS ranges based on the P-Numbers and F-Numbers entered. However,

the human element remains irreplaceable. A Senior Technical Writer or Welding Engineer must still

verify that the nuances of specific materials, such as the P91 martensitic steels or the high-nickel

Monel alloys, are addressed through appropriate NDT and thermal controls that the broad

P-Number categories might not fully detail.

Ultimately, mastering these numbers is not just about compliance; it is about engineering

excellence. Whether you are conducting a Phased Array UT on a P91 header or qualifying a

welder for a Monel 400 heat exchanger, these classifications provide the framework for reliability in

the world's most demanding industrial environments.
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