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The ASME Boiler and Pressure Vessel Code (BPVC) represents one of the most critical frameworks in the 

history of mechanical engineering and industrial safety. Established by the American Society of Mechanical 

Engineers, this code provides the necessary rules for the design, fabrication, and inspection of boilers and 

pressure vessels. The 2010 Edition of the ASME BPVCmarked a significant milestone in the evolution of these

standards, introducing comprehensive revisions across eleven of its twelve sections. For engineers, manufacturers,

and inspectors, understanding the nuances of the 2010 edition—and its subsequent 2011 addenda—is essential

for maintaining structural integrity and regulatory compliance in high-pressure environments.

The Fundamental Scope of the 2010 ASME BPVC

The 2010 Edition was released on July 1, 2010, succeeding the 2007 edition. Its primary objective remained the

protection of life and property by providing a standardized set of requirements that ensure the safe operation of

pressure-retaining equipment. This edition was notable for its integration of new material specifications and refined

safety factors that reflected the advancing metallurgical science of the early 21st century. The code serves as a

legally binding document in many jurisdictions, incorporated by reference into the laws of various states, provinces,

and countries.

Structural Organization of the Code

The 2010 BPVC is organized into several key sections, each addressing a specific niche of pressure technology.

Understanding this hierarchy is the first step in technical mastery:

•  Section I: Rules for Construction of Power Boilers - Covers high-pressure boilers used in stationary service.

•  Section II: Materials - Divided into four parts (A, B, C, and D) covering ferrous and non-ferrous specifications, 

welding rods, and material properties.

•  Section IV: Rules for Construction of Heating Boilers - Specifically for low-pressure applications.

•  Section VIII: Rules for Construction of Pressure Vessels - The most widely used section, covering Divisions 1, 

2, and 3.

•  Section IX: Welding, Brazing, and Fusing Qualifications - The global standard for qualifying procedures and 

personnel.

Section II: Detailed Analysis of Material Specifications

The 2010 edition introduced critical updates to Section II, particularly regarding the properties of materials used in

high-temperature and high-pressure service. This section is the backbone of the code, as it dictates what can and

cannot be used in construction.

Part C: Specifications for Welding Rods and Electrodes

In the 2010 update, Part C underwent rigorous refinement. It includes specifications for filler metals, including 

electrodes for shielded metal arc welding (SMAW) and gas tungsten arc welding (GTAW). The 2010 edition 



emphasized the chemical composition and mechanical property requirements of these consumables to ensure they 

match the base metals they are intended to join. Engineers must verify that the SFA specificationslisted in

Section II Part C are strictly followed to prevent hydrogen-induced cracking or insufficient tensile strength in the

weld zone.

Part D: Properties and Stress Values

Section II Part D provides the allowable stress values, tensile strength, and yield strength for all approved 

materials. The 2010 edition revised several of these values based on new longitudinal data regarding creep-rupture 

strength. This is vital for the design of vessels operating in the creep range, where time-dependent deformation can 

lead to catastrophic failure. Designers utilize the tables in Part D to determine the Maximum Allowable Working 

Pressure (MAWP) using various thickness formulas.

Section IX: Technical Breakdown of Welding and Brazing Qualifications

Perhaps no section is as universally applied as Section IX. It focuses on the qualification of welders, brazers, and 

the procedures they use. The 2010 edition, supplemented by the 2011 addenda, refined the definitions of 

Essential, Non-essential, and Supplemental Essential Variables.

The PQR and WPS Workflow

To achieve compliance under Section IX, a manufacturer must follow a strict three-step technical workflow:

1.  Procedure Qualification Record (PQR): A record of the welding variables used to produce a test coupon and 

the results of the destructive tests (tensile, bend, etc.) performed on that coupon.

2.  Welding Procedure Specification (WPS): A written document that provides direction to the welder for making 

production welds. It must stay within the ranges qualified by the PQR.

3.  Welder Performance Qualification (WPQ): A record of a test performed to demonstrate a welder's ability to 

deposit sound weld metal.

Comparison of Variable Types in Section IX

The following table illustrates the distinctions between the variables defined in the 2010 ASME Section IX:



Variable Type Definition Impact on Re-Qualification

Essential Variables A change that affects the mechanical 
properties of the weldment.

Requires a new PQR and WPS.

Non-Essential Variables A change in the welding condition that 
does not affect properties.

Requires an amendment to the WPS 
only.

Supplemental Essential Variables required specifically for 
notch-toughness applications.

Requires a new PQR if impact testing 
is required.

Section VIII: Pressure Vessel Design and Engineering

The 2010 ASME Section VIII provides the rules for the design of pressure vessels. The code distinguishes between

different levels of design complexity and pressure ranges through its three divisions.

Division 1 vs. Division 2: A Technical Comparison

In the 2010 edition, the distinction between Division 1 (Design by Formula) and Division 2 (Alternative Rules/

Design by Analysis) became even more pronounced. Division 2 allows for higher allowable stress values but 

requires more rigorous analysis, including Finite Element Analysis (FEA) for complex geometries.



Feature Section VIII, Division 1 Section VIII, Division 2

Design Philosophy Design-by-formula (simplified). Design-by-analysis (FEA focused).

Safety Factor Generally 3.5 on ultimate tensile 
strength.

Generally 3.0 (leading to thinner 
walls).

Materials Wide range of materials allowed. Restricted to higher quality materials.

Complexity Low to moderate. High; requires professional engineer 
certification.

Thickness Calculation Principles

A core mechanic of the 2010 code is the calculation of the minimum required thickness for a cylindrical shell under

internal pressure. The fundamental formula used is derived from the Barlow formula, adjusted for joint efficiency

and corrosion allowance:

t = (P * R) / (S * E - 0.6 * P) + C

Where: t = Minimum thickness P = Internal design pressure R = Inside radius of the shell S = Maximum allowable 

stress from Section II Part D E = Joint efficiency (based on NDE coverage) C = Corrosion allowance

The Role of Code Cases and Addenda

One of the unique aspects of the ASME BPVC is its status as a "living document." The 2010 Code Caseswere

issued to provide alternative rules or clarify existing requirements for specific urgent situations or new technologies

not yet integrated into the main body of the code. Code Cases are often used to permit the use of new materials or

advanced non-destructive examination (NDE) techniques.

The 2011 Addendum Impact

Released a year after the 2010 edition, the 2011 Addendum addressed minor errors and provided crucial updates 

to Section IX and Section I. It introduced refined rules for PE (Professional Engineer)requirements in certain

design reports, emphasizing the need for high-level oversight in the construction of complex vessels. These

addenda are critical because, in many regulatory environments, the latest addenda must be adopted within six

months of its publication.

Practical Implementation and Inspection Guidelines

Implementation of the 2010 ASME BPVC requires a robust Quality Control (QC) System. For a facility to hold an

ASME "Stamp" (such as the 'U' stamp for pressure vessels or 'S' stamp for power boilers), it must undergo a

rigorous audit of its procedures and documentation.

Step-by-Step Quality Control Workflow

1.  Material Receipt: Verify all materials against Mill Test Reports (MTRs) and ensure they comply with Section II.

2.  Design Review: Calculate shell and head thicknesses, flange ratings, and nozzle reinforcements based on 

Section VIII rules.

3.  Welding Control: Assign qualified welders (WPQ) to tasks using approved procedures (WPS). Ensure filler 

metals match the WPS requirements.

4.  In-Process Inspection: Perform visual inspections and NDE (Radiography, Ultrasonic, or Dye Penetrant) as 



required by the design's joint efficiency.

5.  Hydrostatic Testing: Subject the vessel to a pressure test (typically 1.3 to 1.5 times the MAWP) to verify 

structural integrity.

6.  Final Documentation: Complete the Manufacturer’s Data Report (Form U-1 or U-1A) and apply the ASME 

stamp.

Case Studies: Failure Modes and Troubleshooting

Despite the rigors of the 2010 code, failures can occur if the rules are misapplied. Analyzing these modes provides

a clear roadmap for troubleshooting.

Failure Mode 1: Brittle Fracture

Cause: Use of materials below their Minimum Design Metal Temperature (MDMT)  without proper impact testing 

(Charpy V-Notch).Solution:Consult Section VIII Division 1, Part UCS-66, which provides curves for determining if

impact testing is required based on material thickness and temperature. In the 2010 edition, these curves were

updated to include more modern steel grades.

Failure Mode 2: Improper Joint Efficiency

Cause: A designer assumes a joint efficiency (E) of 1.0 (100%) but fails to perform the full radiography (RT-1) 

required by the code.Solution:Section VIII requires specific levels of NDE to justify the E value used in thickness

formulas. If only spot radiography (RT-3) is performed, the E value must be reduced (often to 0.85), which would

necessitate a thicker shell to maintain safety factors.

Executive Summary and Broader Implications

The 2010 ASME Boiler and Pressure Vessel Code serves as more than just a set of instructions; it is a global

consensus on safety and engineering excellence. By standardizing the requirements for materials, design, and

welding, it facilitates international trade in industrial equipment while ensuring that high-pressure systems do not

pose a risk to the public. The shift toward more analytical methods, as seen in the Division 2 updates, and the

meticulous attention to metallurgical properties in Section II, reflect a code that is both conservative in its safety

goals and progressive in its technical depth.

As the industry moves toward even more advanced editions, the 2010 code remains a foundational reference point

for thousands of active vessels currently in service worldwide. Maintaining a deep technical understanding of these

standards allows engineers to effectively manage the lifecycle of pressure equipment, from initial design through

decades of operation, inspection, and repair. The legacy of the 2010 edition is found in the continued reliability of

power plants, refineries, and chemical facilities that rely on these rules to contain the immense forces of high-

pressure steam and volatile chemicals.
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