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In the world of mechanical and piping engineering, the American Society of Mechanical Engineers (ASME) 

provides the definitive framework for the design, construction, and maintenance of pressure piping systems. Among 

the various codes under the B31 umbrella, ASME B31.1 (Power Piping) and ASME B31.3 (Process Piping)are

the two most frequently utilized standards. While they share a common lineage and overlapping methodologies,

their applications, safety factors, and material requirements differ significantly. Understanding these nuances is

critical for ensuring operational safety, regulatory compliance, and cost-efficiency in large-scale industrial projects.

The Historical Context and Evolution of Piping Codes

The development of piping codes was born out of necessity. In the mid-19th century, industrialization led to a surge 

in boiler usage, which unfortunately coincided with frequent and catastrophic boiler explosions—occurring at a rate 

of approximately one every four days. These tragedies prompted the engineering community to establish 

standardized safety protocols. The ASME B31 Code for Pressure Pipingemerged to address these concerns,

eventually branching into specific codes tailored to distinct industrial environments.

Today, ASME B31.1 remains the standard for piping systems typically found in electric power generating stations, 

industrial and institutional plants, and central and district heating plants. In contrast, ASME B31.3governs process

piping found in petroleum refineries, chemical, pharmaceutical, textile, paper, semiconductor, and cryogenic plants.

The distinction is not merely academic; it dictates the fundamental engineering approach and the margin of safety

built into the system.

Core Theoretical Frameworks: Scopes and Jurisdictions

To differentiate between B31.1 and B31.3, one must first understand their jurisdictional boundaries. ASME B31.1 

Power Pipingfocuses on systems where high-pressure steam and high-energy fluids are the primary concern. It

covers boiler external piping (BEP) and non-boiler external piping (NBEP). The safety philosophy here is

conservative, prioritizing the prevention of failures that could lead to widespread utility outages or significant loss of

life in high-occupancy power plants.

On the other hand, ASME B31.3 Process Pipingis designed for the high-complexity environment of chemical

processing. This code must account for a vast array of fluids—ranging from harmless water to lethal, corrosive, and

toxic chemicals. Consequently, B31.3 provides a more flexible, category-based approach to design, allowing

engineers to tailor the design rigor to the specific hazards posed by the fluid being transported.

Fluid Service Categories in ASME B31.3

Unlike B31.1, which assumes a relatively consistent risk profile (steam/water), B31.3 classifies fluid services to

determine the required level of design and inspection:

•  Category D Fluid Service: Non-flammable, non-toxic, and non-damaging to human tissue, with pressures 

below 150 psi and temperatures between -20&deg;F and 366&deg;F.



•  Category M Fluid Service: Highly toxic fluids where a single exposure to a small amount can cause 

irreversible harm.

•  High Pressure Fluid Service: Systems where the design pressure exceeds that allowed by the ASME B16.5 

Class 2500 rating.

•  Normal Fluid Service: The default category for fluids not falling into the other specific classifications.

Technical Comparison: Design Philosophies and Safety Factors

The most significant technical divergence between the two codes lies in the Factor of Safety (FS)applied to the

allowable stress of materials. This factor determines the thickness of the pipe walls and the overall robustness of

the system.

Allowable Stress and Safety Factors

In ASME B31.1, the allowable stress is generally calculated as the lower of 1/4th (or more recently 1/3.5) of the

minimum specified tensile strength of the material at room temperature. This creates a more conservative design

with thicker pipe walls.

In ASME B31.3, the allowable stress is typically 1/3rd of the minimum specified tensile strength. Because B31.3

allows for a higher percentage of the material's strength to be utilized, the resulting pipe walls can be thinner than

those designed under B31.1 for the same pressure and temperature. This reflects a shift in responsibility from the

code itself to the design engineer, who must perform more detailed analysis in a process plant environment.

Pressure Design Formulas

Both codes utilize variations of the Barlow formula for calculating the required wall thickness (t), but the coefficients

differ slightly. The general formula used is:

t = (P * D) / (2 * (S * E + P * Y))

•  P: Internal Design Pressure.

•  D: Outside Diameter of the pipe.

•  S: Allowable Stress value.

•  E: Quality Factor (Joint Efficiency).

•  Y: Wall thickness coefficient (varies by material and temperature).

In B31.1, the value of Y is strictly defined for different temperatures and materials to ensure maximum safety. B31.3 

also uses a Y factor but provides additional considerations for specific fluid services and high-pressure conditions.

Comparative Matrix: ASME B31.1 vs. ASME B31.3

The following table provides a side-by-side technical evaluation of the key differences between the two standards.



Feature / Requirement ASME B31.1 (Power Piping) ASME B31.3 (Process Piping)

Primary Application Power plants, high-pressure steam, 
district heating.

Refineries, chemical plants, 
pharmaceutical, food processing.

Safety Factor (Tensile) Typically 3.5 (More conservative). Typically 3.0 (Less conservative, more 
engineering-dependent).

Fluid Classification Not explicitly categorized by fluid 
toxicity.

Highly categorized (Category D, M, 
High Pressure, Normal).

Inspection (NDE) Focuses on weld quality and high-
pressure integrity.

Extensive requirements, specifically 
for Category M (Lethal).

Materials Strictly listed; fewer options for exotic 
materials.

Wider range of materials allowed 
(plastics, composites, etc.).

Hydrostatic Testing 1.5 times the Design Pressure. 1.5 times the Design Pressure (with 
temperature correction).

Owner Responsibility Shared responsibility between 
designer and code.

Higher burden of responsibility on the 
Owner/Engineer.

Materials and Quality Factors

Material selection is another area where B31.3 offers more breadth than B31.1. Because process plants often 

handle corrosive media, ASME B31.3 includes provisions for non-metallic piping (such as PVC, CPVC, and FRP) 

and lined piping. ASME B31.1is largely focused on metallic piping suitable for high-temperature and high-pressure

water/steam cycles.

The Casting Quality Factor (Ec) and Joint Quality Factor (Ej)are also applied differently. B31.1 tends to have

higher default values for established materials in power cycles, whereas B31.3 requires the engineer to verify these

factors based on the specific manufacturing and examination processes used for the piping components.

Non-Destructive Examination (NDE) and Inspection Requirements

Inspection criteria differ based on the perceived risk of the piping system. Under ASME B31.1, visual examination

is the primary requirement for many systems, with mandatory radiography (RT) or ultrasonic testing (UT) required

only for high-pressure/high-temperature systems above specific pipe sizes and wall thicknesses.

ASME B31.3 mandates a minimum of 5% random radiography for "Normal Fluid Service" piping. However, for 

Category M Fluid Service(lethal fluids), the requirements are significantly more stringent, often requiring 100%

radiography for all butt welds. This reflects the philosophy that while the design factors may be less conservative,

the verification of fabrication quality must be higher to mitigate the risks associated with hazardous chemicals.

Pressure Testing and Commissioning

Before a piping system is placed into service, it must undergo a pressure test. Both codes prefer Hydrostatic 

Testing, typically at 1.5 times the design pressure.

•  B31.1 Hydrotest: Must be maintained for at least 10 minutes, and the pressure must be held while all joints 



and connections are visually inspected.

•  B31.3 Hydrotest: Includes a temperature correction factor. If the test temperature is lower than the design 

temperature, the test pressure must be increased to account for the material's strength at the higher temperature 

(S_test / S_design).

Pneumatic Testing (using air or gas) is permitted by both codes but is generally discouraged due to the high

stored energy and potential for explosive decompression. Both codes require strict safety protocols and pressure-

relief devices during pneumatic tests.

Practical Implementation: A Field Guide for Engineers

When initiating a piping project, the selection of the correct code is the most critical first step. Choosing the wrong

code can lead to over-engineering (unnecessary costs) or under-engineering (safety risks and regulatory fines).

Step-by-Step Code Selection Workflow

1.  Identify the Industry: Is this a power generation facility or a chemical processing plant? If power generation, 

B31.1 is the likely choice.

2.  Determine the Fluid: If the fluid is steam or water intended for a power cycle, use B31.1. If the fluid is a 

chemical reactant, fuel, or process byproduct, use B31.3.

3.  Assess the Jurisdiction: Local laws often dictate which code must be followed. In many regions, the local 

Boiler and Pressure Vessel inspector will mandate B31.1 for any piping connected to a steam boiler.

4.  Categorize Fluid Service (B31.3 only): If B31.3 is selected, immediately determine if the fluid is Category D, 

Category M, or High Pressure to set the design and NDE baseline.

5.  Calculate Allowable Stress: Utilize the material property tables in Appendix A of the respective code to find 

the allowable stress (S) for the design temperature.

Case Study: Failure Modes and Operational Challenges

In a real-world scenario, an industrial facility attempted to use B31.3 design standards for a high-pressure steam

line intended for power generation. While B31.3 is theoretically robust, the local regulator rejected the installation

because it did not meet the conservative safety factors of B31.1. The result was a costly retrofit requiring thicker-

walled piping and different support structures.

Common Troubleshooting Points

•  Thermal Expansion: B31.1 has very specific rules for piping flexibility and expansion loops, as power piping 

often undergoes massive thermal cycles. Engineers must ensure the Flexibility Analysis accounts for the higher 

conservative stress limits of B31.1.

•  Vibration and Fatigue: Process piping (B31.3) often handles reciprocating pumps and compressors that 

induce vibration. Fatigue analysis in B31.3 is more frequent due to the variety of mechanical loads in process 

environments.

•  Corrosion Allowance: In B31.3, the corrosion allowance must be carefully calculated based on the fluid's 

chemistry. In B31.1, corrosion is often handled through standardized water treatment, but wall thinning (Flow 

Accelerated Corrosion) remains a major concern for steam systems.

The Synthesis of Standards

Choosing between ASME B31.1 and ASME B31.3 is a decision that impacts every stage of a project—from the

initial procurement of materials to the final pressure test and long-term maintenance. ASME B31.1 provides a rigid,

conservative framework designed to protect the integrity of power generation infrastructure where failure is not an



option. ASME B31.3 offers a versatile, engineering-centric approach that allows for optimized design across the

massive spectrum of the chemical and petroleum industries.

As engineering technology advances, both codes continue to evolve, incorporating new materials like high-strength

alloys and advanced composites, as well as digital twins and real-time monitoring. However, the core principles of

pressure design, material integrity, and rigorous inspection remain the bedrock of both standards. For the technical

professional, mastery of these codes is not just about following rules; it is about applying engineering judgment to

build a safer, more efficient industrial world. By adhering to the appropriate ASME standard, organizations ensure

that their infrastructure remains resilient against the extreme pressures and temperatures of modern industrial

processes, continuing the legacy of safety that began over a century ago.
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