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In the complex ecosystem of industrial piping, the integrity of a flanged joint is governed by a delicate balance of
metallurgy, geometry, and material science. At the heart of this assembly lies the gasket—a seemingly simple
component that bears the immense responsibility of preventing leaks under varying pressures and temperatures.
For engineers, procurement specialists, and maintenance technicians, understanding the standards that govern
these components, specifically ASME B16.21 and ASME B16.47, is not merely a matter of compliance but a
fundamental requirement for system safety and operational efficiency.

The Regulatory Framework: Understanding ASME B16.21

The ASME B16.21standard is the definitive authority on non-metallic flat gaskets for pipe flanges. Unlike metallic
or semi-metallic gaskets (which are often governed by ASME B16.20), B16.21 focuses on materials such as
compressed non-asbestos fiber (CNAF), PTFE, rubber, and flexible graphite. This standard ensures that gaskets
produced by different manufacturers remain interchangeable and provide a predictable seal when paired with
standard flanges.

The scope of ASME B16.21 covers dimensions, tolerances, and marking requirements. It is designed to work in
tandem with flange standards like ASME B16.5 (for pipe sizes 1/2" to 24") and ASME B16.47(for large-diameter
flanges 26" to 60"). Without these standardized dimensions, the misalignment of bolt holes or the incorrect outer
diameter (OD) could lead to uneven loading, gasket crushing, or catastrophic blowout.

Core Categorization: IBC vs. Full Face Gaskets

One of the first technical decisions in gasket selection is the choice between an Inside Bolt Circle (IBC) gasket
and a Full Face (FF) gasket. This choice is dictated primarily by the flange face type.

¢ IBC Gaskets (Ring Gaskets): These are designed for Raised Face (RF) flanges. The gasket sits entirely inside
the circle of bolts, resting on the raised portion of the flange face. This concentrates the bolt load on a smaller
surface area, creating a higher seating stress.

¢ Full Face Gaskets: These are used with Flat Face (FF) flanges, typically found in cast iron or plastic piping
systems. The gasket covers the entire flange face and includes pre-punched bolt holes. This design prevents the
flange from bending or cracking when the bolts are tightened, as the load is distributed across a wider area.

ASME B16.47: Navigating Large Diameter Gasket Dimensions

When piping systems exceed the 24-inch mark, they transition from the ASME B16.5 standard to ASME B16.47.
This standard is bifurcated into two distinct series: Series A and Series B. Understanding the difference between
these two is the most common point of confusion in industrial procurement.

Series A (formerly MSS SP-44)

Series A flanges are generally thicker, heavier, and utilize larger bolts than Series B. They are the go-to choice for
new installations and robust industrial applications. Because the flanges are larger, the ASME B16.21 gaskets



designed for Series A have a larger Outside Diameter (OD) and a larger Bolt Circle Diameter (BCD).

Series B (formerly API 605)

Series B flanges were originally designed for compact applications, particularly in the oil and gas industry. They
feature more bolt holes with smaller diameters compared to Series A. This results in a lighter, more compact flange
assembly. Consequently, a Series A gasket will neverfit a Series B flange, and vice versa. Matching the gasket to
the correct series is critical for achieving a seal.

Technical Comparison: Series A vs. Series B (Class 150)

The following table illustrates the dimensional differences for non-metallic gaskets used in large-diameter
applications (NPS 26 to 36) under Class 150 conditions.



NPS (Inches)

26

26

30

30

36

36

Key Observation:

Standard

Series A

Series B

Series A

Series B

Series A

Series B

Gasket ID (mm)

660.4

660.4

762.0

762.0

914.4

914.4

Gasket OD
(mm)

774.7

725.4

882.7

827.0

1047.8

990.6

No. of Bolts

24

36

28

44

32

52

Bolt Hole Dia
(mm)

35.0

22.2

35.0

22.2

41.3

28.6

As seen in the table, the Series Bdesign utilizes a significantly higher number of bolts (e.g., 52 vs 32 for NPS 36)
but at a smaller diameter. This allows for a narrower gasket width, which is why the OD of Series B gaskets is
consistently smaller than their Series A counterparts.

Detailed Dimensions for ASME B16.5 Gaskets (Class 150)

For standard piping (NPS 1/2 to 24), ASME B16.21 provides the dimensions to suit ASME B16.5 flanges. Below is
a detailed technical breakdown for Class 150 IBC (Ring) gaskets.



NPS (Inches) DN (mm) Inside Diameter QOutside Diameter Bolt Circle (PCD)

(mm) (mm) mm
1/2 15 21 48 60.3
3/4 20 27 57 69.8
1 25 33 67 79.4
2 50 60 105 120.6
4 100 114 175 190.5
8 200 219 279 298.4
12 300 324 410 431.8

The Mechanics of Sealing: Engineering Principles

Selecting the right dimensions is only the first step. To understand why these dimensions exist, we must look at the
mechanics of the seal. A gasket creates a seal by flowing into the imperfections of the flange faces. This "flow" is
induced by the compressive load applied by the bolts.

1.The Gasket Stress Formula

The average stress applied to a gasket can be calculated using the formula:
Sg=(n*Fb)/Ag

Where:

Sg = Gasket Stress (psi or MPa)
n = Number of bolts

Fb = Force per bolt (Preload)
Ag = Contact area of the gasket

In Full Face gaskets, the Ag is significantly larger because the gasket covers the entire flange. Consequently, to
achieve the same sealing stress (Sg) as a Ring gasket, much higher bolt forces are required. This is why Full Face
gaskets are generally limited to lower pressure classes or softer materials that require less stress to seal.

2.The Concept of "M" and "Y" Factors

While ASME B16.21 defines dimensions, the ASME Boiler and Pressure Vessel Code (BPVC) Section VI
defines the design factors for gaskets:

Y (Seating Stress): The minimum stress required to crush the gasket material into the flange face at ambient
temperature and zero internal pressure.

M (Maintenance Factor):A multiplier used to ensure the gasket remains under sufficient compression even when
internal pressure tries to force the flanges apart.

Material Selection and Field Performance



The performance of a gasket of correct dimensions is heavily influenced by the material property. Since the phase-
out of asbestos, the industry has turned to several high-performance alternatives.

Compressed Non-Asbestos Fiber (CNAF)

Consisting of fibers (like aramid) bonded with elastomers (like NBR), CNAF gaskets are the workhorses of the
industry. They are excellent for steam, water, and mild chemicals. However, they are susceptible to “"creep
relaxation"—the gradual loss of thickness over time under load, which can necessitate re-torquing.

Polytetrafluoroethylene (PTFE)

PTFE is chemically inert and suitable for almost all corrosive media. However, pure PTFE is prone to "cold
flow" (moving under pressure). For ASME B16.21 applications, Expanded PTFE (ePTFE) or Restructured PTFE
is preferred, as these variations possess a multidirectional fiber structure that resists deformation.

Flexible Graphite

For high-temperature applications, flexible graphite is unmatched. It is often reinforced with a 316SS foil or tanged
core. While the dimensions remain consistent with B16.21, the material's fragility requires careful handling during
installation.

Installation Protocol: Ensuring Dimensional Success

Even a gasket manufactured to perfect ASME B16.47 Series Adimensions will fail if installed incorrectly. Field
technicians must follow a rigorous procedural workflow to ensure the dimensions translate into a functional seal.

1. Inspection and Cleaning

Before installation, the flange faces must be inspected. The surface finishis critical. For non-metallic gaskets, a
phonographic (serrated) finish with a roughness of 125 to 250 micro-inches is typically recommended. This "bite"
helps prevent the gasket from extruding or blowing out.

2. Lubrication

Apply a high-quality anti-seize lubricant to the bolt threads and the nut bearing surfaces. Never lubricate the
gasket itself, as this can lead to slippage and blowout.

3.The Star Pattern (Cross-Torquing) Sequence

To avoid uneven loading, bolts must be tightened in a specific sequence. For a standard 8-bolt flange, the
sequence would be 1-5-3-7-2-6-4-8. This ensures that the gasket is compressed evenly across its entire diameter.

4.The Four-Stage Torque Method

1. Stage 1: Hand tighten all nuts.

Stage 2: Torque to 30% of the target value.

Stage 3: Torque to 60% of the target value.

Stage 4: Torque to 100% of the target value.

Final Pass: Perform a clockwise circular pass at 100% torque to ensure uniformity.
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Troubleshooting and Failure Analysis

In many industrial settings, gasket failure is misdiagnosed as a material defect when it is actually a dimensional or
installation issue. Here are common failure modes and their technical solutions:

Gasket Crushing



Symptoms: The gasket material appears thinned out or pushed into the pipe bore.Cause: Excessive bolt load or
using a gasket with an ID that is too small for the pipe schedule.Solution: Recalculate torque values and verify the
ID dimensions against ASME B16.21 tables for the specific pipe schedule.

Uneven Compression

Symptoms: Leakage occurs on only one side of the flange.Cause: Misalignment of the flanges or improper torque
sequence.Solution: Ensure flanges are parallel within 0.010 inches and use a calibrated torque wrench.

Blowout

Symptoms: Sudden, total failure of the seal, often with the gasket being physically ejected.Cause: Internal
pressure exceeding the frictional holding force of the gasket, often due to low seating stress.Solution:Switch  from
a Full Face gasket to an IBC Ring gasket to increase seating stress, or use a material with a higher "M" factor.

The Digital Future of Gasket Management

As Industry 4.0 matures, the management of gasket dimensions and specifications is moving toward digital twins
and Smart Gaskets. RF-tagged gaskets can now provide maintenance crews with immediate access to ASME
B16.21 dimensions, material certificates, and original installation torque values simply by scanning the
component. This ensures that when a 48-inch Series B gasket needs replacement, the exact dimensional match is
ordered, reducing downtime and eliminating human error in the procurement cycle.

The synergy between ASME B16.21 and ASME B16.47creates a robust framework for industrial safety. Whether
you are dealing with a standard 2-inch Class 150 line or a massive 60-inch Series A header, the adherence to
these dimensional standards is the primary defense against the economic and environmental costs of fugitive
emissions. By combining technical knowledge of dimensions with material science and proper field procedures,
organizations can achieve a "Leak-Free" facility, ensuring longevity for both the piping infrastructure and the
personnel who operate it.
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