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Special Notes

APl publications necessarnly address problems of a general nature, With respect to paricular circumstances, local,
state, and federal laws and regulations should be reviewesd. The use of 8P| publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose o incorporate AP standards by reference and may mandaie
compliance.

Meither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranly or representalion, either express or implied, with respect fo 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, Meither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

APl publications may be used by anyvone desinng to do so. Every effort has been made by the Instifute fo ensure the
accuracy and reliability of the data contained in them; however, the Institule makes no representation, warranty, or
guarantes in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulling from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

APl publications are published to facilitale the broad availability of proven, sound engineering and operating practices.
These publications are not intended 1o obviate the need for applying sound engineening judgment regarding when and
whiere these publications should be used, The formulation and publication of AP 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 AP standard
is solaly responsible for complying with all the applicable requirements of thal standard. AP| does not represent,
warrani, or guaraniee that such producis doin fact conform to the applicable AP standard.

All ights resarvad. Mo part of this work may ba reproduced, ranslated, stored in a mirieval system, or transmitted by any
means, electronic, mechanical, pholocopying, recording. or otherwise, withoul prior wntten permission from the publisher.
Contact the Publsher, APl Pubdshing Servioss, 200 Massachusstts Avenue, W, Sulte 1100, Washingion, DC 200014-5571.
Copyright @ 2024 Amencan Petroleum Instibute
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Foreword

Mothing contained in any APl publication is to be consirued as granting any right, by implication or ctherwise, for the
manufaciure, sale, or use of any method, apparatus, or product covered by lefters patenl Neither should anything
contained in the publication be construed as insuring anyone against lability 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” denaotes a minimum requiremeant to conform to the standard.

Should: As used in a standard, "should” denoles a recommendation or that which is advised but not reguired o
conform to the standard.

May: Az used in a standard, "may” denotes a course of action permizsible within the limits of a standard.
Can: As uzed In a standard, “can” denctes a statement of pozsibility or capability.

This documentwas produced under AP| standardization procedures that ensure appropriate notification and paricipation
in the devalopmental process and |5 designated as an APl standard. Questions conceming the interpretation of the
content of this publication or comments and guestions conceming the procedures under which this publication was
developed should be directed in wriling to the Director of Slandards, American Petroleum Institute, 200 Massachusetls
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, APl standards are reviewed and revised, reaffirmed, or withdrawn at least every five years, A one-time
extansion of up to bwo years may be added fo this review cycle, Slatus of the publicalion can be ascerained from
the AP| Standards Department, telephone (202) 682-8000. A cataleg of API publications and materials is published
annually by API, 200 Mazzachusells Avenue, MW, Suite 1100, Washinglon, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusalls
Avenue, MW, Suite 1100, Washinglon, DC 20001, standards@api.ong.






Contents

Page

1 BRI oy e o g e e g e e e T e e g e s e e B
2 orrmies s FOMPRPRRIEE oo e e e s e s e e e

Terms, Definions, Acronyms, Abbreviations, and Symbals ..ot s cseee e ianneees
1 I g T e e e e e s . |
2 Acronyms, Abbrevialons, and SymBE . i i s i e e e d s e ek e dasa s e s e s eevraakiee T

4 STy ol N e e ey s G s R i b b S B i A

& HPHT End Fi&nge Initial Elzmg Mamndmugy
5.2 Gaskeat E-Erre-l:t!m ........................................................................................................... '
53 Calculale Bolling and Flange Dlman-;uns

s b3 A B

B HPHT Erid Flange Design Vel calom Ay sis oo e eeeeeis e me e s s nsebs samsmmsammmen ot bemnmnns
6.1 DT - e R M B s v i g i e b i o B e A 0 0 0 R R AR R R 0 DA R
6.2 e T o e i . - e e A i e
6.3 FRnge By P IS LGl BRI v iiiiiimsvrminm e s b e i 1s s eV i e e s bbb e e e P R SR e P SRR RV
6.4 I T i e L b e T e s L e b L e vl s e
6.5 R DO M s o i et i e B e e B T e o e s S TS T B s D s
6.6 50  r1 - 1ya  FS EI PR OELT FUPPPE G

FTER <. T S N

T T T -

th

Annex A (informative) Verifying Gasket Suitable for Internal Pressure Requirgments ..o s &
Annex B (informative) AP BBX 5 'ain. 15K Using Described Methodology oo ARTRE EUNUTLIN NP RSN FRTLN 13

Annex C (informative) Examples of APl 6BX Flange Capability Charts Lsing Annex B Methodology ... i

Figures

A Example Element Plot of 68X Gasket—Initial Condition and Lnﬂd-ng ................................... L i
A2 30 Modeal of Flange Assembly ... ™ ey e g s sy (B
A3 Example Stress Plot of 3D Mudel ............ R o i A USRI RO C R AR g
A4 Exarmiple Stress Plot of Axkymimetie Modal ..o i e el e Y e i e
AS 20 and A0 GablEt B e T B BE I TUITE ruuvui i snsesvi suss sbbr [4snisi deansbbbt 1498 Rk bsd fuannr i 1assnkpa) A REERL o4 REE(INNRRRRR] (00 .10
AG Results of Gasket Azssessment for Axlsymmetrc Model........ i s 11
AT Results of Gaskeat Assasameant for 30 Model .. S PSPPSR, 1
B.1 Effective Sealing Diameter and Gaslf.aEWadglng Luaw:l e B P P e AP P 1
B.2 FEA Modal Used to Detarmina Stiffness Ratio ... 1?
B.3 Element Plot of Model... AL B ELAL AR i S v 1 AARAR A e s drvanbd
B.4 5 % in. 15K 6BX Flange EIDks: Eluds ED % Assamh[y 51.1'555 g e e e e e A O
. 1, in. 20K 6BX Flange 80ksi Studs 50 % Assembly Etreas ................... A AN R, A 2l
c.2 2 ’.'m in. 20K 6BX Flange BOksl Studs 50 % Assambly SIesS ... et sennes 21

L



Contents

c.a
C.4
c.5
C.6
c.7
C.8
ca

Tables

B.1
B.2
B.3
B.4
B.5
B.6

2", in, 20K 6BX Flange 80ksi Studs 50 % Assembly Stress........... K s e S A S R S

3 Y in. 20K 6BX Flange 80ksi Studs 50 % Assembly Strass . i

4 ', in, 20K 6BX Flange 80ksi Studs 50 % Assembly SIMess ... e e .
7' in. 20K 6BX Flange 80ksl Studs 50 % AsSembly SNBSS ... i i s
8 in, 20K 68X Flange Blksi Studs 50 % Assembly SIe8S ... s s s g e e
11 in. 20K 6BX Flange B0kal Studs 50 % Assambly SIMBES s s ssssss e sssssss sassss s sssss
13 %4 in, 20K BBX Flange B0ksi Studs 50 % ASsembly SIFBSS . ......rieeevererimsssrissisnse s imasssrrrenssr s sesser srnanses

Calculating ERective Sealing Diameter for Pressure End Load. ... s s s
Calkculation of Gaske! Verlical Reachion LOB .. ..o ireceriimemcmsrs e rers 1 1msmmsrsyasams sy pamss 11 fassamrins i1ammmn sy 1emmnr sisean
Calciate Total Progsune LosE g i i i v s o s 135 k0 bt bk 4 K s i o A M A s
Calculate the Minimum Required Total Rool BrEa ., ..o isscer s sssmorrss msmor s s ssmessssscssses yaesmses rrammersssaas
Calculate Possible Bolt Circles and Flange QDS ... AT PR el R

Vi

Page
21

22

w23
.23
24

24

g e
14
18

15

e



Introduction

This document is intended to provide design guidance for high-pressure high-temperature (HPHT) APl 6BX style
flanges. The current revision of this document focuses on recommending methods for guantifving flange capabilities
subjected o combinations of pressure, bending, tension, and thermal loads, It intends to expand upon the work
documentad in APl Technical Report BAFZ by recommending methods using more advanced analysis modaling,
such as 30 geometry, nonlinear material models, and large displacement theory. It also provides guidance on initial
zizing of flange geometry based on the work presented in Robert Eichenberg's ASME paper ST-PET-23 "Design
Considerations for AWHEM 15,000 psi Flanges™ of 1857 and his Journal of Engineenng for Indusiry papear of 15864
Eichenberg's work established the foundations for the APl 6BX style flange.

It iz not the intent of this document 1o restrict users from performing project or application specific analyses that
could provide capabilities different to those using the methodology summarized hergin. Alternative methods may be
accepiable if justified by altemnative indusiry accepted design codes. When other indusiry-approved HPHT design
methods are employed, the mathodology presented here shall not be viewed as an extra requirernent nor is it infended
1o supplant cther industry-approved HPHT design methodologies,

The intent of this design guideline is to enable the user io generate baseline capabiity charls similar to those seen in
AP Technical Reporl BAFZ2, bul using nonlinear FEA models, methods, and criteria.

The methodology i2 demonsirated on the APHGBX 5 in. 15K flange in Annex B. Annex C containg capability chars for
all the 20K AP 6BX flanges using a possible interpretation of the method described in the guidelineg,

Al the time of wriling, net all methodologies in this document have been validated. Therefors, this document serves
az an example of the types of calculations and considerations necessary o define capabilities of API 6BX flanges.

Fatigue iz intended be added o this document later under a future revision,

Wi






High-pressure High-temperature (HPHT) Flange Design Methodology

1 Scope

The scope of this document iz o provide design guidelines for API BBX stvle flanges used as end and oullet
conneciors in high-pressure, high-temperature (HPHT) surface and subsea applications, For this document,
HPHT applications are intended to mean flanges assigned a lamperalure ralting greater than 350 °F or a pressure
rating greater than 15,000 psi

Senvice lemperature rafings above 550 °F (288 "C) are outside the scope of this document,

2 MNormative References

The following documenis are referred o in the text in such a way thal some or all of thair content constilutes
reguiramenis of this document. For dated references, only the edilion ciled applies. For undated references, the
latest edition of the referenced document (including any addenda) applies

APl Specification BA, Specilication for Welthead and Tree Eguipment

AP Standard 56X, Desigh Calcwiations for Pressure-comntaining Eguipment

APl Technical Report 6AF, Technical Report on Capablitfes of AP Flanges under Combinations of Load

APl Technical Report 6AF1, Technical Report on Temperature Derating on AP! Flanges under Combination of
Loading

APl Technical Report BAFZ2, Technical Reporl on Capabilities of AP integral Flanges under Combinalion of
Loading—FPhasze il

AP Technical Report 17TRE, High-Pressure High-Temperature Design Guidelings
AEME, Bovler and Pressure Vessel Cods Sechion Wl Division 2—Allermalive Rules

ASME, Boier and Pressurs Vessel Code Ssclion VI, Division 3—Alernative Rulss for Construction of High
Pressure Vessels

3 Terms, Definitions, Acronyms, Abbreviations, and Symbols

3.1 Definitions

For the purposes of this document, the following terms and definitions, and those terms and definitions in AP
G4, apply.

£

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

NOTE Refer to B.2.5,
3.2 Acronyms, Abbreviations, and Symbaols
For the purposas of this document, the following acronyms, abbreviations, and symbols apply.

FEA finite element analysis
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G groove

H height

HPHT high-pressure high-temperature
o inner diameter

LREFD load and resistance factor design
oD autar diameter

P wirking pressure

i allowable siress

L. hoop siress at working pressure
ST Design Siress

KB Stiffness of Bolt

K Stiffness of Flange Body

4 Summary of Methodology

The mathodology comprises four distinct phases:

1) Select a gasked for the internal pressure reguirements.

2) Calculate the bolling and flange dimensions.

3] Determine the flange's capabilities with regards to pressure, bending, tension, and thermal loading.
4] Walidate the flange design in accordance with an industry accepled spedcification,

Loading condiions addressed by this guideline are pressure, bending, lension, and thermal effects. Loading
conditions not addressed by this guideline include torsion and fransverse shear

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

Fallure modes not verified by the guideling include leakage, local strain, and fatigue. According to PM 90-21, AP
GBX flanges (or bolting) will likely be overstressed before BEX gaskel leakage, For this reason, this document
does not assess the 6BX gaskets for leakage. This iz bazed on 6BX gaskelz maintaining critical sealing contact
slress alter hub-separation. It assumes thal pressure is applied prior lo axtemal loading. These findings wera
supported by validation testing on 4 % and 7 ', G6BX flanges. Application where flanges are subjected to
extarnal loading prior o pressurization may require additional considerations.

5 HPHT End Flange Initial Sizing Methodology

51 General

This section provides guidance on how o develop the inifial sizing of an API 6BX shvle flange using traditional
hand calculations, These calculations should not be considered as a requiremeant during the verificalion process.
Furthemmore, use of these calculations does not exempt venfication and validation of the final design.

52 (Gasket Selection

Due to the complex behavior of seals, it is not possible o bave a universal model, method or criterion for their
design and verification.
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NOTE See Annex & for an axample of how an AP GBX gasket might ba verified for its capability.
53 Calculate Bolting and Flange Dimensions
531 Introduction

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

— Hub Thickness (wall of pipa)

— Pressure Loading

— Siza and number of balls

— Raised face diameler

— Flange thickness

NOTE aee Annex B Tor an example of the five-slep 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 Elchentsrg used Lame's fosmula to determine the minimum wal theckness of the hub, The allowable tangential
siriss on the inner liber al working pressure was limited to 50 % of the specafied minimum yeeld stranglh of the lange Body,
Whila this method was acceptabla at the time of his work, later advancements in pressure vessal technology have provided

more robust means for proper wall sizing of 8 pressure vessel wall. Examples of these can be found in publications such as
AP Standard 6X or APl Technical Report 17TRE,

5.3.3 Pressure Loading
Calculate the otal pressure end load generated by intermal pressure acting on the flange and gasket.
5.3.4 Size and Number of Bolts

53.4.1 Determine the minimum required total stud thread rool area by dividing the tolal pressure end load
generated by intermal pressure (3ee 5.3.3) at hydrostatic shell test condition by 83 % of the minimum specified
balt yield strength.

5.3.4.2 Selec the size and number of bolls such thatl tolal stud thread root area s nol less than the required
total stud thread root area, The number of bolis should be a multiple of 4,

NOTE Calculabing the bolt circls requires determining the flange dimensions and establishing practical clearances

between the bolts, and batween the bolts and the hub, to allow tood access. Refer to Taylor Forge's “Modemn Flange Design”
e il dirmensions 9,

53.5 Raised Face Qutside Diameter

The raized face outside diameter may be calculated using the load generated by the chosen bolting assembled
o 50 % of boll vield sirength assembly stress based on stress area.

The total bolt preload divided by the annular area defined by the raised face oulside diameter and the outer edge
of the seal groove should be less than 30,000 psi.
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5326 Flange Thickness

The flange’s stiffness ratio may be used o detemming the minimum acceptable flange thickness. Flange stifness
ratio is an indicator of resistance to bolt fatigue failure and loss of preload due lo stress-relaxation, locakized
yiglding, embedment, and other bolting phenomena.

NOTE All standard API BBX flanges were assessed, and thes stiffness ratios were found o range from 050 to 057,
Theretore, & sliffness ralio of 0.50 or less is recommended for AP GEX style langes, Ses fnnes B for an explanalon of how
the stiffness ralio is calculated.

6 HPHT End Flange Design Verification Analysis

6.1 Determine Flange Capabilities

Monlinear analysis methods shall be used lo assess the following failure modes for the loads discussed in
Segtion 4:

— Flange body plastic collapse

— Senvice Criteria as applicable

— Excessive bolt stress

The meathods and criferia usad to assass these failure modes are explained in 6.2, 6.3, and 6.4

6.2 High Temperature Effects

The reduction of material strength shall be included for wellbore temperatures greater than 250 "F up o 350 "F.
For temperatures above 350 °F. a heat transfer analysis shall be performed with the results incorporated into
a structural analysiz where the strength curves are adjusted for temperature and the coefficient of thermal

expansion s included o assess thermal loads.

NOTE AP Technical Repori BMET contains details of matenal strengih reduction at elevated temperatures for many
different materials.

6.3 Flange Body Plastic Collapse

Tha flange body shall have a design margin supported by the applicable APl document as verification that it does
nod fail by plastic collapse.,

The flange body working condifion plasfic collapse criterion should be based on load and resistance factor design
(LRFD),

MOTE 1 If performed, the sleps in 5.5 verily the lange desgn al hydrostatic shell best condition
NOTE 2 Elasbc analysls & acceptable when in conformance with AP| Standarnd GX.
6.4 Service Criteria

Semvice criteria limif the polential for unsatisfactory perdormance, Unsatisfactory perfformance may result dus to
excessive deformation, leakage, loss of preload, or other service criteria, as applicable.

Additional checks may be needed to verify local deformations do not result in an excessive loss of preload that
may impact the functicnality or performance of the design.
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Examples of excessive deformafion include onset of gross plasiic deformation or inferference with surrcunding
components. Refer o AP 68X, ASME BPYC VIII-2, and YIII-3 for additional details regarding service critena.

6.5 Excessive Bolt Stress
6.51 Assessment

Boltz shall be azsessed for their maximum tensile siress. Bolting tensile siress shall be evaluated using the API
6A 83 % yield stress criterion.

6.6 Design Validation
Validation testing shall be performed and documented in accordance with an industry accepled specification.

7 Results

Results shall be in the form of capability chars like those found in AP Technical Report 6AF, API Technical
Raport 6AF1, and API Technical Report GAFZ.

NOTE See Annex C for examples of AP 68X flangs capability charis using the Annex B methodology.



Annex A
(informative)

Verifying Gasket Suitable for Internal Pressure Requirements

A1 Introduction
Thiz annex demonsirates two diferent methods (axisymmetric and 30) for verifying AP GBX gaskels are sultable

for internal pressura requirements, The gaskel material assaessed was 31655, This assessmeant was performed
using reom temperature properties. The methods in this annex have not been validated.

A2 FEA Model

A2A Axisymmetric FEA Model

The seal groove was modelled with rigid lines representing the least material condition, A friction factor of 0.1 was
applied to the contact surfaces (zee Figure A.1). The 6BX gaskel was modelled In the least material condition
with a true stress-true strain material model representing the minimum specified yield sirength of the gasket.
Rigid lines were moved to represent a fully face-to-face flange make-up condition,

NOTE Thae beas| materal condition results in the lowes! interfference condition
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.Y [ STEP 1: SEAT GASKET ] _.J‘
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STEF 1 APPLY PRESSLURE STEP 3: REMOVE PRESSURE ]

5

NOTE G s defined in Table B.2 of Annex B

J

Figure A.1—Example Element Plot of 6BX Gasket—Initial Condition and Loading

A.22 3D FEA Model

Aflange, gasket, and bolt were modeled using the least material condition (See Figure A.2), Afriction factor of 0.1
was applied to the contact surfaces, Elastic-plastic material properdies were applied o the flange BBX flange io
account for local vielding. Bolls were preloaded according to 50 % assembly stress for 35k bolts. True stress-true
slrain material models represeanting the minimum specified yield strength of the gaskel and flange-were applied.
A rigid surface was modeled at the horizontal plane of symmetry and contact was enforced between the rigid
plana and the flange. Intermal pressure and tolal pressure end [oad were applied 1o the flange when pressured.
See Figure A.3 for an example of a Stress plot of 8 30 model,
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Figure A.2—3D Model of Flange Assembly

A3 FEA Methods

The application of pressure loading was the zame for both methods. Incremental pressures were then applied
o thie gasket from the inner diameter to the stard of the outer sealing surface (see Figure A.1). Each incremantal

pressure was removed, and then contact force was recorded, Thizs was repeated for each evaluated pressure,
Ses Figure A 3 and Figure A 4 for a represeniative stress confour plot,
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Figure & 3—Example Stress Plot of 30 Model

e

1€

Figure & 4—Example Stress Plot of Axisymmetric Model
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