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In the high-stakes world of industrial engineering, the integrity of a pressure vessel or boiler is only as strong as its
weakest weld. This technical reality necessitates a rigorous standardization of materials, a role fulfilled by the
ASME Boiler and Pressure Vessel Code (BPVC). Within this massive regulatory framework, Section Il Part C
stands as the definitive authority on welding rods, electrodes, and filler metals. This article provides an exhaustive
analysis of Section Il Part C, its relationship with other sections like Part A and Part D, and its practical application
in modern engineering projects.

The Strategic Role of ASME BPVC Section Il in Global Engineering

The ASME BPVC is an international standard that provides rules for the design, fabrication, and inspection of
boilers and pressure vessels. Section Il, specifically dedicated to Materials, is divided into four distinct parts, each
serving a critical function in the procurement and application of engineering materials:

e Part A (Ferrous Materials): Detailed specifications for steel, stainless steel, and iron.

e Part B (Nonferrous Materials): Specifications for aluminum, copper, nickel, and other non-iron-based alloys.

e Part C (Welding Consumables): Specifications for welding rods, electrodes, and filler metals.

e Part D (Properties): A massive data repository of allowable stresses, yield strengths, and physical properties
in both Customary and Metric units.

Section Il Part C is unique because it does not originate entirely within ASME. Instead, it is largely derived from the
American Welding Society (AWS) specifications. ASME adopts these standards and designates them with the
SFAprefix (e.g., SFA-5.1), signifying their approval for use in pressure-retaining components manufactured under
the ASME Code.

Understanding the SFA Classification System

The core of Section Il Part C is the SFA Specification. These specifications ensure that every electrode or filler
metal used in an ASME-stamped vessel meets strict chemical and mechanical requirements. The derivation from
AWS allows for a unified language across the welding industry while maintaining the high safety margins required
for pressure equipment.

The Anatomy of an SFA Specification

An SFA specification like SFA-5.1 (Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding)
defines several parameters:

1. Chemical Composition: Limits on elements such as Carbon, Manganese, Silicon, Phosphorus, and Sulfur to
ensure weldability and corrosion resistance.

2. Mechanical Properties: Minimum requirements for tensile strength, yield strength, and elongation.

3. Usability Characteristics: The type of welding current (AC/DC), polarity, and position (flat, vertical, overhead)
the electrode is designed for.



4. Testing Requirements: Mandatory tests such as the Charpy V-Notch (CVN) impact test for low-temperature
applications.

Comparison of Key Section Il Components
To understand how Part C integrates with the broader code, consider the following comparison table highlighting
the differences between the sub-parts of Section II:



Feature Section Il Part A Section Il Part C Section Il Part D

Focus Base Metals (Ferrous) Welding Consumables Material Properties

Origin ASTM Standards AWS Standards ASME Internal Research

Identification SA Numbers (e.g., SA-516) SFA Numbers (e.g., Tables (e.g., Table 1A)
SFA-5.1)

Key Metric Chemistry & Strength Deposit Chemistry & Arc Allowable Stress vs.
Stability Temperature

Application Shells, Heads, Nozzles Welded Joints Design Calculations

Technical Analysis: The Integration of Part C and Part D

Engineers often face the challenge of matching the filler metal (Part C) with the base metal (Part A/B) while
ensuring the design stresses (Part D) are not compromised. This is particularly vital in high-temperature
applications where creep and graphitization are concerns.

The Relationship with Allowable Stresses

While Section Il Part D provides the maximum allowable stress for base materials, it assumes that the weld metal
provided via Part C specifications is at least as strong as the base metal (matching or over-matching). For instance,
if using SA-516 Grade 70 (a common carbon steel for pressure vessels), the engineer must select a filler metal
from Part C, such as SFA-5.1 E7018, which provides a minimum tensile strength of 70,000 psi, ensuring the joint
efficiency remains high.

Metric vs. Customary Units

Since the 2015 edition mentioned in the data, ASME has provided Part D Properties (Metric)alongside the
customary version. This allows global manufacturers to perform calculations using Sl units without the risk of
conversion errors, which is critical when determining the thermal expansion or thermal conductivity of welding
consumables in cryogenic or high-heat environments.

Deep Dive into SFA Specifications for Common Processes

Section Il Part C covers a vast array of welding processes. Below is a technical breakdown of the most frequently
utilized specifications in the industry:

1. SMAW (Shielded Metal Arc Welding) - SFA-5.1 & SFA-5.5

SMAW, or stick welding, remains a staple in field construction. SFA-5.1 covers carbon steel, while SFA-5.5 covers
low-alloy steel. A common designation is E7018-H4R:

e E: Electrode.
70: 70,000 psi minimum tensile strength.

e 1: All-position welding.

e 8: Low-hydrogen iron powder coating.

¢ H4: Maximum 4ml of diffusible hydrogen per 100g of weld metal (critical for preventing hydrogen-induced
cracking).



¢ R: Moisture-resistant coating.

2. GMAW/GTAW (Gas Metal/Tungsten Arc Welding) - SFA-5.18 & SFA-5.28

These processes use solid wires. SFA-5.18 (Carbon Steel) and SFA-5.28 (Low-Alloy Steel) are the primary
specifications. For example, ER70S-6is widely used for its high levels of deoxidizers (Manganese and Silicon),
which allow for quality welds even on slightly oxidized base metals.

3. FCAW (Flux-Cored Arc Welding) - SFA-5.20 & SFA-5.29

FCAW is preferred for high-deposition rate shop fabrication. SFA-5.20 covers carbon steel flux-cored wires like
E71T-1M, which provides excellent mechanical properties when used with CO2 or Argon/CO2 shielding gas blends.

Field Guide: Implementing Section Il Part C in Production

Successful implementation of ASME Section Il Part C requires more than just buying the right electrode. It involves
a systematic approach to quality control and documentation.

Step 1: Material Receipt and MTR Verification

Every batch of welding consumables must be accompanied by a Material Test Report (MTR)or a Certificate of
Conformance. The quality control inspector must verify that the heat number or lot humber on the packaging
matches the MTR and that the chemical composition and mechanical properties fall within the limits defined by the
SFA specification in Section Il Part C.

Step 2: Storage and Conditioning

Section Il Part C materials, especially low-hydrogen electrodes (e.g., E7018), are highly sensitive to moisture. The
code-compliant shop must maintain electrode drying ovensset to specific temperatures (typically 250°F to
350°F) to prevent moisture pickup, which could lead to porosity or delayed hydrogen cracking in the weldment.

Step 3: Relationship with Section IX (Welding Qualifications)

One cannot discuss Section Il Part C without mentioning Section IX. Section IX uses the F-Numbersystem to
group filler metals based on their usability characteristics. This grouping reduces the number of welding procedure
qualifications (PQR/WPS) required. For example, all SFA-5.1 electrodes typically fall under F-Number 4. If a welder
qualifies with one F-4 electrode, they are generally qualified to weld with all other F-4 electrodes, subject to certain
limitations.

Case Studies and Troubleshooting Failure Modes

Case Study 1: Brittle Fracture in Low-Temperature Service

A pressure vessel designed for -50°F service experienced a catastrophic failure during a hydrotest. The root cause
analysis revealed that while the base metal (SA-333 Grade 6) was rated for low temperatures, the welding filler
metal used was a standard SFA-5.1 E7018 without the "-1" suffix. The "-1" designation indicates supplemental
impact testing at lower temperatures. Solution:Engineers must ensure that Section |l Part C materials are
selected not just for strength, but for toughness metrics defined in the specification's supplemental requirements.

Case Study 2: Stress Corrosion Cracking (SCC) in Stainless Steel

A 316L stainless steel vessel showed cracking in the heat-affected zone (HAZ) after six months of service. The
investigation found that the filler metal used was SFA-5.4 E316, but without the "L" (Low Carbon) designation. The
higher carbon content led to chromium carbide precipitation (sensitization). Solution:Strict adherence to Section Il
Part C's "L" grades (e.g., E316L) is mandatory for preventing sensitization in corrosive environments.



The Bi-Annual Publishing Cycle and the 2023 Edition

As noted in the provided data, ASME followed a bi-annual publishing cycle starting in 2015. The transition from the
2015 edition to the 2023 edition reflects ongoing advancements in metallurgy and welding technology. Key updates
in recent editions include:

e Expanded SFA Specifications: Inclusion of new nickel-alloy and titanium filler metals to support the aerospace
and renewable energy sectors.

« Enhanced Digital Integration: Improved alignment between the electronic versions of Part C and Part D to
facilitate automated engineering software calculations.

« Stricter Traceability: New mandates for the documentation of filler metal lot testing to enhance safety in
nuclear and lethal service applications.

The role of Section Il Part C is foundational to the safety and reliability of modern infrastructure. By providing a
rigorous, standardized framework for welding consumables, it ensures that the welds holding together our boilers,
nuclear reactors, and chemical plants are capable of withstanding extreme pressures and temperatures. For the
technical writer, engineer, or inspector, a deep mastery of these SFA specifications is not just a regulatory
requirement—it is a prerequisite for engineering excellence. As we look toward future editions, the continued
harmonization of AWS standards into the ASME framework will remain a cornerstone of global industrial safety.
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