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Introduction to ASME BPVC Section Il Part C

The ASME Boiler and Pressure Vessel Code (BPVC) stands as the international benchmark for the design,
fabrication, and inspection of boilers and pressure vessels. Within this massive regulatory framework, Section ||
(Materials) serves as the foundational pillar, providing the technical requirements for materials used in

construction. Specifically, Section Il Part Cfocuses exclusively on the specifications for welding rods, electrodes,
and filler metals. This section is vital for ensuring the structural integrity of welds, which are often the most critical
points of potential failure in high-pressure systems.

Unlike other parts of Section II, which may deal with ferrous or non-ferrous base metals (Parts A and B), Part C is a
collection of adopted specifications. These specifications are developed by the American Welding Society
(AWS)and are subsequently reviewed and adopted by the ASME Committee for use in Code-compliant fabrication.
This symbiotic relationship ensures that the welding industry’s specialized knowledge is seamlessly integrated into
the broader engineering requirements of the pressure vessel industry.

The Role of Section Il Part C in Global Manufacturing

In the global manufacturing landscape, compliance with ASME Section Il Part C is not merely a legal requirement

in many jurisdictions but also a hallmark of quality and safety. When a manufacturer produces a vessel under the
ASME mark, every component—including the filler metalsused to join the plates—must be traceable and
compliant with the specifications outlined in this volume. The 2023 edition of the code continues to refine these
requirements, incorporating new materials and testing methodologies to keep pace with advancements in
metallurgy and welding technology.

Theoretical Framework: The ASME and AWS Relationship

To understand ASME Section Il Part C, one must first understand its relationship with the American Welding
Society (AWS). Most specifications in Part C are identical to AWS specifications, designated by the SFA prefix
(e.g., SFA-5.1 is the ASME equivalent of AWS A5.1). This adoption process involves a rigorous technical review to
ensure that the material properties, chemical compositions, and testing requirements are compatible with the
design safety factors used in ASME Section VIII (Pressure Vessels) and Section Il (Nuclear Components).

The Adoption Process and SFA Designations

When the ASME Subcommittee on Materials reviews an AWS specification, they may adopt it in its entirety or with
specific modifications. If a specification is adopted without changes, it is typically listed as identical to the AWS
version. However, if modifications are made—such as tighter tolerances on chemical composition or additional
mechanical testing—these differences are clearly noted at the beginning of the specification. The use of the SFA
prefix (Specifications for Filler-metals, ASME) is the primary identifier for materials that have been officially
sanctioned for use in code construction.



Comparison of Material Standards: ASME vs. ASTM vs. AWS

While the terms are often used interchangeably in casual conversation, there are distinct differences between
these standards organizations and how their specifications are applied in engineering.



Feature

Primary Focus

Material Type

Certification

Legal Standing

ASME (BPVC)

Safety and construction of
pressure systems.

Focuses on SFA (Welding)

and SA (Ferrous) materials.

Requires ASME Certificate
of Authorization for
manufacturers.

Mandated by law in most
US states and many
countries.

ASTM International

Standardization of material
properties and testing.

Focuses on base metals (A-
series for ferrous).

Provides standards but
does not certify
manufacturers.

Used as a basis for
commercial contracts.

Technical Breakdown of SFA Specifications

AWS (Welding Society)

Welding processes, filler
metals, and procedures.

Focuses on filler metal
chemistry and usability.

Provides welder
certification and filler metal
specs.

Industry standards for
technical excellence.

Section Il Part C is organized by SFA numbers, each corresponding to a specific type of welding consumable or

process. Understanding these classifications is essential for welding engineers and quality control personnel.

SFA-5.1: Carbon Steel Electrodes for Shielded Metal Arc Welding (SMAW)

This is perhaps the most widely used specification in Part C. It covers the requirements for covered carbon steel

electrodes used in SMAW (stick welding). Key classifications within this specification, such as E7018, define the
minimum tensile strength (70,000 psi), the welding position capability (1 = all positions), and the type of coating and
current (8 = low hydrogen, AC/DC+).

SFA-5.5: Low-Alloy Steel Electrodes for SMAW
For applications involving high temperatures or corrosive environments, low-alloy steels are required. SFA-5.5
specifies requirements for electrodes that contain elements like Chromium (Cr), Molybdenum (Mo), and Nickel (Ni).
These alloys provide enhanced creep resistance and toughness, critical for power plant piping and refinery

reactors.

SFA-5.18 and SFA-5.28: Gas Shielded Arc Welding (GMAW/GTAW)

These specifications cover filler metals for Gas Metal Arc Welding (MIG) and Gas Tungsten Arc Welding (TIG).
SFA-5.18 deals with carbon steel, while SFA-5.28 covers low-alloy steels. The precision offered by these processes

makes them ideal for root passes in high-pressure piping systems.

SFA-5.4 and SFA-5.9: Stainless Steel Welding Consumables

Corrosion resistance is the hallmark of stainless steel. SFA-5.4 (covered electrodes) and SFA-5.9 (bare rods and
wires) ensure that the weld metal matches the chemical and mechanical properties of the base metal, preventing

intergranular corrosion and maintaining the passivity of the material.

Mechanical and Chemical Property Requirements

Every filler metal specification in Section Il Part C dictates strict limits on chemical composition and mechanical

performance. These are not mere suggestions; they are the criteria upon which the safety of the vessel depends.

Chemical Composition Limits



Control of trace elements is critical. For instance, in carbon steel electrodes, levels of Phosphorus (P) and Sulfur
(S) must be kept extremely low to prevent solidification cracking and hot shortness. In low-hydrogen electrodes (like
E7018), the moisture content in the coating is strictly regulated to prevent hydrogen-induced cracking (HIC).

Mechanical Testing Procedures

Before a filler metal can be certified to an SFA specification, it must undergo a battery of tests, often including:

« Tensile Testing: Measures the ultimate tensile strength, yield strength, and percentage of elongation.

e Charpy V-Notch (CVN) Impact Test: Evaluates the toughness of the weld metal at low temperatures, ensuring
it can resist brittle fracture.

« Guided Bend Test: Checks the ductility and soundness of the weld joint.

¢ Radiographic Examination: Ensures the weld metal is free from internal defects like porosity, slag inclusions,
or lack of fusion.

Table: Common Mechanical Property Requirements (Example Data)



AWS/SFA Class Tensile Strength Yield Strength Elongation (%) Charpy V-Notch
(min. psi) (min. psi) (Impact)

E7018 70,000 58,000 22 20 ft-lb @ -20°F

E8018-B2 80,000 67,000 19 Not typically required

E6010 60,000 48,000 22 20 ft-lb @ -20°F

ER70S-6 70,000 58,000 22 20 ft-lb @ -20°F

The Certification Process: MTRs and C of Cs

In an ASME-compliant environment, documentation is as important as the weld itself. Procurement of welding
materials must be accompanied by a Certified Material Test Report (CMTR) or a Certificate of Conformance (C
of C).

Reading a CMTR

A CMTR is a document provided by the manufacturer of the filler metal that provides the actual results of the
chemical analysis and mechanical tests performed on a specific lot or heatof material. For critical applications, the
ASME code requires the manufacturer to verify that the results meet the specific SFA requirements of Section I
Part C.

Lot and Heat Traceability

Traceability is the ability to link a specific weld in a vessel back to the batch of filler metal used. This is achieved
through Lot Numbers. If a failure occurs in the field, engineers can use the lot number to investigate whether the
material itself was defective or if the failure was due to improper welding procedures.

Practical Implementation: Integrating Part C with Section IX

While Section Il Part C defines the *what* (the material), ASME Section IXdefines the *how* (the procedure). A
successful welding operation requires the harmonious integration of both sections.

Weld Procedure Specification (WPS) Development

When developing a WPS, the engineer must select a filler metal from Section Il Part C that is compatible with the
base metal (listed in Section Il Part A or B). The filler metal is assigned an F-Numberin Section IX, which groups
filler metals based on their usability characteristics. This grouping reduces the number of welding procedures that
need to be qualified.

Common F-Number Groupings

e F-No. 1: Heavy rutile coated steel electrodes (e.g., E7024).

¢ F-No. 3: Cellulosic coated steel electrodes (e.g., E6010).

¢ F-No. 4: Low hydrogen coated steel electrodes (e.g., E7018).

« F-No. 6: Bare rods and electrodes for various processes (e.g., ER70S-6).

Technical Analysis: Factors Influencing Filler Metal Selection

Selecting the right material from Section Il Part C involves a complex matrix of engineering considerations. It is not



simply about matching tensile strength.

Dilution and Base Metal Interaction

When welding, a portion of the base metal melts and mixes with the filler metal. This is known as dilution. In
dissimilar metal welding (e.g., carbon steel to stainless steel), the engineer must use the chemical specifications in
Part C and tools like the Schaeffler Diagramto predict the final microstructure of the weld and avoid the formation
of brittle phases.

Heat Input and Cooling Rates

The mechanical properties listed in Section Il Part C are achieved under specific laboratory conditions. In the field,
high heat inputcan degrade these properties, particularly toughness. ASME Section Il Part D provides some
guidance on temperature limits, but the onus is on the engineer to ensure that the welding procedure maintains the
integrity of the SFA-specified properties.

Field Guide: Troubleshooting Welding Material Issues

Even with strict adherence to ASME Section Il Part C, issues can arise during fabrication. Understanding the root
causes of these problems is essential for any senior technical lead.

Issue 1: Porosity in Welds

Root Cause: Often caused by moisture in the electrode coating or contaminated shielding gas. For low-hydrogen
electrodes (SFA-5.1), moisture absorption happens quickly once the vacuum-sealed container is opened.Solution:
Implement strict oven-storage requirements as per the manufacturer's recommendations and ASME Section Il Part
C guidelines. Re-bake electrodes if they have been exposed to the atmosphere beyond the allowable time limit.

Issue 2: Hot Cracking

Root Cause: Excessive Phosphorus or Sulfur in the weld pool, or improper bead shape. Some lower-quality filler
metals may barely meet SFA chemical limits.Solution:Specify materials with "extra-clean" chemistry requirements
beyond the minimum SFA standards for highly restrained joints.

Issue 3: Brittle Fracture at Low Temperatures

Root Cause: Incorrect selection of filler metal for the Minimum Design Metal Temperature (MDMT).Solution:
Ensure the filler metal has undergone Charpy V-notch testing at or below the MDMT as required by Section Il Part
C and the referencing construction code (e.g., Section VIl Div 1).

The 2023 Revision and Future Directions

The 2023 edition of ASME BPVC Section Il Part C introduces several updates aimed at modernizing the code. This
includes the adoption of new AWS specifications for additive manufacturing(3D printing) filler metals and refined
testing requirements for nickel-alloy consumables. As the industry moves toward more automated welding
processes, Part C continues to evolve to provide the necessary guardrails for these technologies.

Guidelines for New Materials

As noted in the search data, the guidelines for the approval of new materials are located in Section Il Part D. If a
manufacturer wishes to use a filler metal not currently listed in Part C, they must submit a formal request to the
ASME Committee. This request must include extensive data on chemical composition, physical properties, and
weldability, ensuring that the new material provides a level of safety equivalent to existing SFA-approved materials.



Summary and Broader Engineering Implications

ASME Section Il Part C is more than just a list of welding wires; it is a comprehensive safety standard that bridges
the gap between metallurgical theory and practical fabrication. By standardizing the requirements for filler metals,
the code ensures that a pressure vessel fabricated in one part of the world will perform reliably under the same
conditions as one fabricated elsewhere. For the technical writer and engineer, mastery of this section is essential
for maintaining compliance and ensuring the long-term safety of industrial infrastructure.

The integration of AWS standards into the ASME framework through the SFA numbering system provides a clear,
unambiguous language for engineers, welders, and inspectors. As materials science continues to advance, Section
Il Part C will remain a living document, adapting to new challenges while maintaining the rigorous standards that
have defined the ASME Boiler and Pressure Vessel Code for over a century. Whether you are conducting a failure
analysis or designing a new high-pressure reactor, the specifications found in Part C are the definitive source for
ensuring that the "glue" holding our industrial world together—the weld—is as strong and reliable as the metal it
joins.
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