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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases, 
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate 
compliance.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of 
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of 
any information or process disclosed in this publication. Neither API nor any of API’s employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices. 
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and 
where these publications should be utilized. The formulation and publication of API publications is not intended in any 
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Users of this Technical Report should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly train and 
equip their employees, and others exposed, concerning health and safety risks and precautions, nor undertaking their 
obligations to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with respect to specific materials and conditions 
should be obtained from the employer, the manufacturer or supplier of that material, or the material safety data sheet.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. 

Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2020 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order 
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and participation 
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the 
content of this publication or comments and questions concerning the procedures under which this publication was 
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of 
the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from 
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Extreme and Survival loading conditions are not in scope of the initial release of this document.

iv

This technical report is the first of several editions to serve as a design guideline for high-pressure high-temperature 
(HPHT) flanges. This first edition is offered in hopes of bringing relevant state-of-the-art practices, needed by the oil 
and gas industry, to address emerging projects while the task group continues to work on specific problems requiring 
additional time to research and resolve issues such as thermal, cyclic loading conditions etc.

This document is not intended to be a standalone specification or standard. Rather it is presented as a technical 
guidance document so that specifications, standards, and recommended practices may reference this document, in 
part or in total, to augment their operating scope greater than 15,000 psi (103.43 MPa) and/or greater than 350°F 
(177°C) wellbore conditions as proffered by API TR 1PER15K-1.

It is necessary that users of this technical report be aware that additional or different requirements which can better 
suit the demands of a particular service environment, the regulations of a jurisdictional authority or other scenarios 
not specifically addressed in this technical report may be applied as required. This document is a technical report and 
it is not intended to replace sound engineering judgment.

In the development of this technical report, certain topics have been difficult to resolve. Many will require additional 
discussion and debate, between governing API and ASME standards and their associated design/manufacturing 
processes.

Rather than wait and hold up the publication of the first edition of this technical report until everything is resolved, the 
task group elected to release the work it has accomplished so far based on the initial charge, and alert the reader to 
the work still to be resolved; highlighting that there could be changes to the technical report in subsequent editions.

Preface
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Introduction

This document is intended to provide design guidance for high-pressure high-temperature (HPHT) API 6BX style 
flanges. The current revision of this document focuses on recommending methods for quantifying flange capabilities 
subjected to combinations of pressure and bending. It intends to expand upon the work documented in API 6AF2 by 
recommending methods using more advanced analysis modeling, such as 3D geometry, non-linear material models, 
and large displacement theory. It also provides guidance on initial sizing of flange geometry based on the work 
presented in Robert Eichenberg’s ASME paper 57-PET-23 “Design Considerations for AWHEM 15,000 psi Flanges” 
of 1957 and his Journal of Engineering for Industry paper of 1964. Eichenberg’s work established the foundations for 
the API 6BX style flange.

It is not the intent of this document to restrict users from performing project or application specific analyses that 
could provide capabilities different to those using the methodology summarized herein. Alternative methods may be 
acceptable if justified by alternative industry accepted design codes. When other industry-approved HPHT design 
methods are employed, the methodology presented here shall not be viewed as an extra requirement nor is it intended 
to supplant other industry-approved HPHT design methodologies.

The intent of this design guideline is to enable the user to generate baseline capability charts similar to those seen in 
API 6AF2, but using non-linear FEA models, methods, and criteria.

The methodology is demonstrated on the API 6BX 5 in. 15K flange in Annex B. Annex C contains capability charts for 
all the 20K API 6BX flanges using a possible interpretation of the method described in the guideline.

At the time of writing, not all methodologies in this document have been validated. Therefore, this document serves 
as an example of the types of calculations and considerations necessary to define capabilities of API 6BX flanges.

Thermal gradients, thermal effects, and tension loadings are intended be added to this document at a later date under 
a future revision.
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High-pressure High-temperature (HPHT) Flange Design Methodology

1	 Scope

The scope of this document is to provide design guidelines for API 6BX style flanges utilized as end and outlet 
connectors in high-pressure, high-temperature (HPHT) surface and subsea applications. For this document, 
HPHT applications are intended to mean Flanges assigned a temperature rating greater than 350°  F or a 
pressure rating greater than 15,000 psi.

The current version of this guideline does not address thermal effects including gradient effects or subsea 
production equipment. Service temperature ratings above 550 °F (288° C) are outside the scope of this technical 
report. The flange designer should address thermal effects when designing flanges rated for high temperatures.

2	 Normative References

The following referenced documents are indispensable for the application of this document. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies.

API Specification 6A, Specification for Wellhead and Tree Equipment

API Standard 6X, Design Calculations for Pressure-containing Equipment

API Technical Report 6AF, Technical Report on Capabilities of API Flanges under Combinations of Load

API Technical Report 6AF1, Technical Report on Temperature Derating on API Flanges under Combination of 
Loading

API Technical Report 6AF2, Technical Report on Capabilities of API Integral Flanges under Combination of 
Loading—Phase II

ASME Boiler and Pressure Vessel Code Section VIII, Division 2—Alternative Rules

ASME Boiler and Pressure Vessel Code Section VIII, Division 3—Alternative Rules for Construction of High 
Pressure Vessels

Robert Eichenberg, “Design Considerations for AWHEM 15,000 psi,” ASME Paper 57-PET-23,  1957 

Robert Eichenberg, “ Design of High-Pressure Integral and Welding Neck Flanges with Pressure-Energized Ring 
Joint Gaskets, Journal of Engineering for Industry,  1964

Joe R. Fowler, “Sealability of API R, RX & BX Ring Gaskets,” PN 90-21, Stress Engineering Services, Inc., 
Report prepared for API, January  1994

3	 Terms, Definitions, Acronyms, Abbreviations, and Symbols

3.1	 Definitions

For the purposes of this document, the following definitions, and those definitions in API 6A, apply.

3.1.1
Stiffness ratio
Stiffness of the bolt divided by the stiffness of the bolt plus the stiffness of the flange body.

NOTE	 Refer to Section B.2.5.
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3.2	 Acronyms, Abbreviations, and Symbols

For the purposes of this document, the following abbreviations apply.

FEA	 finite element analysis	

G	 groove

H	 height

HPHT	 high-pressure high-temperature

ID	 inner diameter

LRFD	 load and resistance factor design

OD	 outer diameter

P	 working pressure

​​σ​ allow​​​ 	 allowable stress

​​σ​ hoop​​​ 	 hoop stress at working pressure

Sm 	 Design Stress

KB 	 Stiffness of Bolt

KJ 	 Stiffness of Flange Body

4	 Summary of Methodology

The methodology is comprised of four distinct phases:

1)	 Select a gasket for the internal pressure requirements

2)	 Calculate the bolting and flange dimensions

3)	 Determine the flange’s capabilities with regards to pressure, bending and tension loading

4)	 Validate the flange design in accordance with an industry accepted specification.

Loading conditions addressed by this guideline are pressure and bending. Loading conditions not addressed by 
this guideline include torsion, transverse shear, thermal gradients, and tension.

Failure modes addressed by this guideline are flange body plastic collapse, flange body excessive deformation, 
and bolt failure under monotonic (as opposed to cyclic) loading conditions.

Failure modes not verified by the guideline include leakage, local strain and fatigue. According to PN 90-21, API 
6BX flanges (or bolting) will likely be overstressed before 6BX gasket leakage. For this reason, this document 
does not assess the 6BX gaskets for leakage. This is based on 6BX gaskets maintaining critical sealing contact 
stress after hub-separation. It assumes that pressure is applied prior to external loading. These findings were 
supported by validation testing on 4  1/16 and 7  1/16 6BX flanges. Application where flanges are subjected to 
external loading prior to pressurization may require additional considerations.

5	 HPHT End Flange Initial Sizing Methodology

5.1	 General

This section provides guidance on how to develop the initial sizing of an API 6BX style flange using traditional 
hand calculations. These calculations should not be considered as a requirement during the verification process. 
Furthermore, use of these calculations do not exempt verification and validation of the final design.
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5.2	 Gasket Selection

Due to the complex behavior of seals, it is not possible to have a universal model, method or criterion for their 
design and verification.

NOTE	 See Annex A for an example of how an API 6BX gasket might be verified for its capability.

5.3	 Calculate Bolting and Flange Dimensions

5.3.1	 Introduction

The method for calculating the bolting and flange dimensions is a five-step process. Each step establishes a 
parameter or dimension as listed below.

—	 Hub Thickness (wall of pipe)

—	 Pressure Loading

—	 Size and number of bolts

—	 Raised face diameter

—	 Flange thickness

NOTE	 See Annex B for an example of the five-step process.

5.3.2	 Hub Thickness (Wall of Pipe)

The wall thickness of the hub may be determined using an appropriate pressure vessel wall calculation.

NOTE	 Eichenberg used Lame’s formula to determine the minimum wall thickness of the hub. The allowable tangential 
stress on the inner fiber at working pressure was limited to 50 % of the specified minimum yield strength of the flange body. 
While this method was acceptable at the time of his work, later advancements in pressure vessel technology have provided 
more robust means for proper wall sizing of a pressure vessel wall. Examples of these can be found in publications such as 
API 6X or API 17TR8.

5.3.3	 Pressure Loading

Calculate the total end load generated by internal pressure acting on the flange and gasket.

5.3.4	 Size and Number of Bolts

5.3.4.1	 Determine the minimum required total stud thread root area by dividing the total end load generated 
by internal pressure (see 5.3.3) at hydrostatic shell test condition by 83 % of the minimum specified bolt yield 
strength

5.3.4.2	 Select the size and number of bolts such that total stud thread root area is not less than the required 
total stud thread root area. The number of bolts should be a multiple of 4.

NOTE	 Calculating the bolt circle requires determining the flange dimensions and establishing practical clearances 
between the bolts, and between the bolts and the hub, to allow tool access. Refer to Taylor Forge’s “Modern Flange Design” 
for nominal dimensions [2].

5.3.5	 Raised Face Outside Diameter

The raised face outside diameter may be calculated using the load generated by the chosen bolting assembled 
to 50 % of bolt yield strength assembly stress based on stress area.
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