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Introduction to High-Pressure Flange Bolting Systems

In the demanding environments of oil and gas extraction, petrochemical processing, and heavy industrial piping,
the integrity of a flanged connection is paramount. Flange bolting is not merely a task of fastening two metal plates;
it is a critical engineering process that ensures pressure containment and environmental safety. This guide provides
a deep dive into API (American Petroleum Institute) and ASME/ANSI (American Society of Mechanical
Engineers) flange bolting standards, focusing on APl 6A specifications for wellhead equipment and ASME B16.5
for pipe flanges.

Understanding the distinction between these standards is vital. While ASME B16.5 flanges are common in refinery
and process piping, APl 6A flanges are designed to withstand significantly higher pressures, often encountered in
wellhead and Christmas tree components. The bolting requirements—including stud size, length, material grade,
and torque specifications—vary drastically between these standards to accommodate different pressure ratings,
ranging from 2,000 psi to 20,000 psi.

Core Concepts: API 6A vs. ASME B16.5 Standards

The primary difference between APl and ASME flanges lies in their application and pressure-temperature ratings.
ASME B16.5 typically covers pressure classes from 150 to 2500, whereas API 6Afocuses on 2000, 3000, 5000,
10,000, 15,000, and 20,000 psi ratings. In some instances, such as the APl 6B 2000 psi flange, the dimensions
may align with ASME Class 600 flanges, but the material requirements and testing protocols remain distinct.

Types of API Flanges

e API Type 6B: These are ring-joint type flanges and are not designed for face-to-face make-up. The connection
load is reacted by the gasket and the bolting. They utilize Type R or Type RX ring gaskets.

¢ API Type 6BX: These are designed with a raised face, allowing the flange faces to meet during assembly. This
design protects the gasket and provides additional stiffness to the connection. These utilize Type BX gaskets and
are typically used for pressures of 10,000 psi and higher.

Technical Analysis of Stud Bolt Dimensions

The selection of stud boltsfor API flanges is governed by the flange size and the required pressure rating. A stud
bolt consists of a threaded rod with two heavy hex nuts. The length of the stud is measured from the first thread to
the first thread, excluding the chamfers. In high-pressure applications, the thread pitch is typically 8-thread series
(8UN) for bolt diameters 1 inch and larger, which provides better mechanical advantage for torque application.

Mathematical Framework for Bolt Length and Preload

Calculating the required length of a stud bolt involves several variables to ensure a secure fit and sufficient thread
protrusion through the nuts. The general formula for Stud Bolt Length (L) is:

L=2(T)+2(N) +G + 2(P)



Where:
T: Flange thickness.N: Heavy hex nut thickness (nominally equal to the bolt diameter).G: Gasket thickness or gap
between flanges (often 3mm for Ring Type Joints).P: Thread protrusion (minimum 2 to 3 threads beyond the nut).

API 6B Flange Bolting Data Matrices

The following tables provide technical specifications for APl 6Bflanges, which are common in mid-range pressure
applications. These values are standardized to ensure interchangeability and safety in the field.

Table 1: API 6B 2000 PSI Flange Bolting Chart



Nominal Size (in)

2-1/16

2-9/16

3-1/8

4-1/16

5-1/8

Ring Gasket (R/RX)

R-23

R-26

R-31

R-37

R-41

Number of Studs

Table 2: API 6B 3000 PSI Flange Bolting Chart

Stud Diameter (in)

5/8

3/4

3/4

7/8

Stud Length (in)

4-1/2

5-1/4

6-3/4



Nominal Size (in)

2-1/16

2-9/16

3-1/8

4-1/16

Table 3: API 6B 5000 PSI Flange Bolting Chart

Ring Gasket (R/RX)

R-24

R-27

R-35

R-39

Number of Studs

Stud Diameter (in)

7/8

7/8

1-1/8

Stud Length (in)

6-1/2

6-1/4

7-1/2



Nominal Size (in) Ring Gasket (R/RX) Number of Studs Stud Diameter (in) Stud Length (in)

1-13/16 R-20 8 7/8 6-1/4
2-1/16 R-24 8 7/8 6-1/2
2-9/16 R-27 8 1 7-1/4
3-1/8 R-35 8 1-1/8 8
13-5/8 BX-160 16 1-5/8 13-3/4

Material Selection and Coating Options

The choice of material for flange bolting is determined by the operating temperature, pressure, and the presence of
corrosive elements (such as H2S or CO2). The most common material used is ASTM A193 Grade B7, which is a
chromium-molybdenum alloy steel heat-treated for high strength.

Common Bolting Materials

« ASTM A193 B7: Standard for high-pressure, high-temperature service.

e ASTM A193 B7M: Similar to B7 but with controlled hardness for resistance to Sulfide Stress Cracking (SSC)
in sour service.

* ASTM A320 L7: Designed for low-temperature service (down to -150°F).

« ASTM A193 B8/B8M: Stainless steel (304/316) for superior corrosion resistance, though with lower tensile
strength than B7.

Protective Coatings

To prevent corrosion and facilitate easier removal during maintenance (break-out), studs are often coated with
specialized materials:

1. Xylan/PTFE: A fluoropolymer coating that provides excellent lubrication and corrosion resistance. It
significantly reduces the Nut Factor (K) during torque application.

2. Zinc Plating: Provides sacrificial protection but may lead to hydrogen embrittlement if not properly processed.

3. Cadmium Plating: Traditionally used for its excellent lubricity and corrosion resistance, though its use is
declining due to environmental concerns.

4. Hot-Dip Galvanizing: Provides a thick layer of zinc for harsh environments but requires over-tapping of nuts
to accommodate the coating thickness.

Torque Mechanics and Controlled Tightening

Achieving the correct clamping force(preload) is the primary goal of bolting. If the preload is too low, the gasket
will not seal; if it is too high, the bolt may yield or the flange may warp. The relationship between torque and preload
is expressed by the formula:

T =K &times; D &times; F

Where:
T: Required torque (ft-Ib).K: Nut factor (friction coefficient). Typical values are 0.07 for PTFE-coated/well-lubricated
bolts and 0.13 to 0.20 for dry or zinc-plated bolts.D: Nominal bolt diameter (in).F:Target preload (Ib), usually 50%



to 70% of the bolt's yield strength.

The Star Pattern Tightening Procedure

To ensure even compression of the ring gasket, a multi-stage cross-bolt (star) pattern must be used:

« Stage 1: Hand tighten all nuts.

e Stage 2: Tighten to 20-30% of target torque using the star pattern.

e Stage 3: Tighten to 50-70% of target torque.

» Stage 4: Tighten to 100% of target torque.

¢ Final Pass: Perform a circular pass at 100% torque to ensure uniformity.

Case Study: Failure Modes in API Flanged Connections

Analysis of field failures often reveals common patterns. In one offshore case study, a 5000 psi API 6B flange
leaked during a pressure test. Root cause analysis identified two primary issues:

1. Incorrect Stud Length: The studs used were 1/2 inch too short, resulting in insufficient thread engagement
within the heavy hex nuts. Engineering standards require at least two full threads to protrude.

2. Galling: Stainless steel studs were used without proper lubrication, leading to thread galling. Galling causes
the threads to seize before the required preload is reached, giving a false torque reading.

Solution:The studs were replaced with ASTM A193 B7M studs with Xylan coating, and a hydraulic torque wrench
was used to ensure precise preload. The connection subsequently passed all integrity tests.

Practical Field Guide: Ring Gasket Selection

The gasket is the sealing element, and its selection is as important as the bolts. API 6A specifies several types of
Ring Type Joint (RTJ) gaskets:

* Type R (Oval/Octagonal): The standard gasket for API 6B flanges. Octagonal versions provide a more reliable
seal.

« Type RX: A pressure-energized version of the Type R. It is interchangeable with Type R but provides better
performance in high-vibration or high-pressure environments.

* Type BX: Used only with API 6BX flanges. These gaskets are pressure-energized and designed for very high
pressures (up to 20,000 psi). They feature a pressure relief hole to equalize pressure across the sealing faces.

Operational Challenges and Troubleshooting

Maintaining flange integrity over time involves managing several environmental and mechanical challenges:

Hydrogen Embrittlement

High-strength steels like B7 are susceptible to hydrogen embrittlement, especially when exposed to cathodic
protection systems or sour gas. Utilizing B7M or L7Mgrades with lower hardness (HRC 22 max) is the industry-
standard mitigation strategy.

Stress Relaxation

In high-temperature applications, the bolt material may undergo creepor stress relaxation, leading to a loss of
preload over time. Periodic "hot torquing" (retightening at temperature) may be necessary, although this carries
risks and must be performed under strict engineering supervision.

Nut "Across Flats" (AF) Dimensions



A common field error is bringing the wrong size wrench for a specific bolt. For API flanges, heavy hex nuts are
used. The Across Flatsdimension is typically 1.5 times the bolt diameter plus 1/8 inch. For example, a 1-inch bolt
requires a 1-5/8 inch wrench.

Summary of Best Practices for Flange Integrity

Ensuring the long-term reliability of APl and ANSI flanges requires a holistic approach that integrates material
science, mechanical engineering, and rigorous field procedures. It begins with the correct identification of the
flange standard—distinguishing between the moderate-pressure ASME B16.5 and the high-pressure APl 6A.
Selection of the appropriate stud bolt grade, such as ASTM A193 B7 or B7M, must be coupled with a consideration
for environmental conditions that might necessitate specialized coatings like PTFE for corrosion resistance and
consistent torque application.

The use of standardized charts for stud dimensions and ring gasket numbers remains the most effective way to
prevent assembly errors. However, the technical execution of the tightening process—utilizing the star pattern and
accounting for the nut factor (K) in torque calculations—is what ultimately determines the success of the seal. As
industry standards evolve toward more automated and monitored bolting solutions, the foundational knowledge of
bolt-to-flange compatibility remains the critical barrier against leaks, equipment failure, and environmental
catastrophes in the global energy sector.
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