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F。rew。rd

N。th’吨 contain时阳anyAPI pu剧目”。n ;5 to 桐∞附帆，ed 蹄granti咱 any 吨h~ by ;mpU，回归nor 。therwise, for e、e
manufacture. sal• . or use of a何 method, ap间由tus. 。＇ product cove呻d by oette由 palenL Neith•r should ao叭剧。9
。回

The verbal forms used t。 express the provisions in lhis document are as fol!Qws. 

Shall: As used in a standard， ·由aw denotes a minimum requirement to conform to the standard. 

Sh。uld: As used m a standard，“shot』Id" denotes a re。由nm回dation or that wt由h is adv告sed but not 陪quired lo 
C阳、form t。 the standard 

May: As used In a 幽ndard，”may" d刷刷国aooυ隅。faction pe酣睡Ible within the tlmlts of a slandard. 

Can· As used In a standard， ·臼旷denotes a statement时间坦lbllltyor ca阳blfity

丁hisdocument was阳。du回dunderAPlstanda耐甜”。npr·。由dures1haten制reappr<》priate闹闹剧lion and阳低，即刷刷
In the de咽l。pmental pro曲臼and Is des幅nated 幽幽A向standard. Questions con<:eml吨 l阳 inlerpteta阳nor lhe 
C刷1ent of 1his pυbli，由悔。。， c。mments a叫 questi回s c。阔前m吨 the ptOCedur回unde，闹市h this publi回归。was

developod shOUld be directed拍wriUng lo the由rectorof Standards, Am制can Pet"'leum lnshtute. 200 Massa曲us剧性
Avenue, NW, Suite I IOO, Wash’吨t。例， 口C 20001 . Requests for permission to reprc到duce回回nslale all or any part of 
lhe mater制publ剧创闹剧nsh制d also be ad伯国scd to the d irector. 

Gene阳lly, API s1andards arc reviewed and 闹市时， reaffirmed , or 时lhdrawn at least eve叩 five years A刷刷lmc

extension of up to tw。 years m剖 be added to this review cyde. Status of theρubl四lion 回n 国 ascertain回 fn田n
the API Standards De阳风me时， telephone (202) 682-8000 A catal吨。r API publl曲时。附and mate由Is Is publ胁ed
annually by API. 200 Massachusetts Avenue, WN. Suite 1100, W嗣hington, DC 20001 . 

Suggested revisions are lnviled and sl回uld be sub削It.ad IO Ille Standards Department. API. 200 Massa出usetts

Avenue, WN, Su~e 1100. W臼hi吨，。n, DC 2000’ , s1andar由＠•队目g.
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lntr。ducti。n

Tn始 docume时，s mtende<I to pro悦de design guidan。e for h国h-pr回sure high·temperature (HPHT) API 6BX style 
h吨的 The current 陪咄Ion of 11\0S doC<Jmont focuses o:n 惜时捎回m制d吨melhods fOt quantifying fla咱e capabohUes 
sυbjected to comt阳ations of pressυ晤， bending, 1ension, and thermal loads. II intends to e叩and u阳n the •~k 
doC<Jment。d in API Techrucal Report 6AF2 峙，曲创M晴ndong methOds usi吨 more advanced analysis modelrng, 
“由 as 30 geometry, n<>nhnear materiat m。dels, and la咱e displa国ment lheory. It a恒。阳。·Vides guid回国。n阳iti副
剑出g of 阳吨e ge。metry based on 仙＠咐，k pr.盹制te<I In R·。bert Elchenberg's ASME paρer 57·PET· 23 ”Design 
Conside<alions for AV嗣EM 15,000 psi Flanges· of 1957 and his Journal of Engineering for Indus！叩 paper of t崎4
日ch回bergs w时k establish回the founda归附forth•API 6BX styk> fla吨e

It Is not the Intent of this document to resUlct u盹rs fr·臼n performing project or appl阳胁n s阳cific analy•随s that 
e剧Mρrovide capab恤，es diffe<ent 1。 those using the methodology St』mmarized herein Alternative math。ds maybe 
aα;epta刨e if justified by attemo笛ve 1时间町回回pted de吨n codes. When 。ther 1叫υstry·approved HPHT design 
melhOdsare 郎”ployed, the methOdology preS<>nt创阳帽shall not be v\ewed as an exlta requirement nor is it Int阳nded
t。即pplant 。lher indυstry approved HPHT de啕n meth<>d伽gies.

丁he intent of I his design gυid酬ne is lo enable the user to generate baseline ca阳脯’W由酬s simaar t。those seen in 
API T。Ch阳cal Report 6AF2, but usong n臼唱的ear FEAmod创s. melh。ds, and criteria. 

The methodol咱ylsdem。nstrated on the API 6BX 5 In. I SK阳吨e In Annex.a. Anoel(.C con抽Ins 四pabalty charts 阳
all Iha 20K API 6BX Oa吨回using a possible interpreta l田n of the method describ回 in the guideline. 

J>J. lhe time of 帽，ting , not all methodologies in this document have been validaled Therefore, this docum凹3胡同es
as an examρle of the types of国lculations and conslderatlo附n盹essaty to de阳eca阳billtles of API 6BX Ha吨es.

Fatigue Is Intended be added to this document later under a future rev国。n.

、，而





High -pressure High-temper a tu r e ( HPHT) F lange D e s ign M etho d ology 

1 Sc。pe

The so。pa of this d出umonl 融s to 阳ovldo do啕n guideUnes t。rAPJ 6BX style 阳呻盹ω国d as end and outlet 
connectors in highψ咱自ure, high tempe阳tu陪 （HPffηsurtace and subsea 叩plicat阳咽。 F。r 自is document, 
HPHT a阳“四lions a咱俐tended tome削na咱盹a臼lgned a terr'qlerature由ung greater than 350 •F or a p用剖...
rating greater 1han ’丘000 psi. 

Se<Vi帽 temperatu陪陪”ngs above 550 •F (288 •q are outside the scope of th咆。。cument.

2 Normative References 

The follow•吨 6。cuments are relerrod 抽 in tho 阳则阳扭曲 away that some or all of their content constitut盹
用QUlfOments of this d。cument For由ted 阳ference筝， 。nly the editi町、 cit回 applies. For undated refeoen回s, the 
tat回t edl由n of the 咱fcrenced document (In由ding any addenda) ap川les

APl Speclflca胁。帆， Specificaf/or> for 帆fc/lho<KI and Troe Eqv！ρmenf 

APl Standard 6X. Design Cafcu/afions for Pressure-comalnlng Equl.ρment 

APl Te由nl国l Report 6AF, Tcchnf，臼！ Re，ρort on Capal>阳Jesof AP/ Flanges under Ca.呻In甜onsof Lo<KI 

APl Technical Re阳’t 6AF1, Tee阳ical R印刷刷 Temperatu呻De呻ling 剧，~Pl Flanges under Combination of 
ιooding 

APl Techmc剑 R叩Ort 6AF2, 7画曲＂＇国I Report on Ca.ρabllifies of API Integral F阳咱es under Combination of 
Loading-Phase II 

APl Teel、n，因l R印。” ’7TR6,High P用白uro High-Temperatu.用 Des崎nGuidelines 

ASME, Bo#er and Pressure Ve.冉dCode Section Viii, Divis.or> 2-Allerr回Ii呻Rules

ASME, Boiler and Pressure Vessel C-Ode $e<;tion VIII， 口附抽n ~AlternaUve Rules tor Co时troclion ot High 
Pressure ν·esse/s 

3 Terms, Definit i。ns, Acronyms, Abbreviati。ns, and Symb。Is

3.1 Definitrons 

For lhe 阳r阳明s otlhia d。aimenl, the followong terms and defi阴雨ons, and those terms and definr巾。ns in APl 
6A. apply. 

3.1.’ 
Stiffness rat，。
Sti而ness ot阶eb础divid时 by the stiffness ot the boll pl国 the sti何明白。f the flange body. 

NOTE Refe<10 B.2.S. 

3.2 Ac，。nyms, Abbreviations, and Symbols 

F。＇ the purposes or th捻document, the followi吨aetonym" abbroviallons and symbOls app协

FEA nnile otomont analysts 



主 AAAtoo.，时＂＂＇S楠，吨’＂＇晶＂＇＇

G groove 

H heigh I 

HP川Y high-pro坦.uro h用h-lomporaluro

ID 阳ner diameter 

LRFD klad ond 『回国en面 facl0< design 

OD outer dlamote『

p w0<king ptessure 

a，伽．， allOwable sltess 

抖，‘肉’ hoop sir回selw田king pressure 

Sm OesignSltess 

KB Stiffness o f Boll 

KJ SU何nossofR削ge B创y

4 Summary of Method。l。gy

The melh。dol。gy comprises four dJSlincl phases: 

1) Select age曲el for lhe internal pressu，，用qui陌menls

2) Calctda抽 tho b创ti吨 andfta咱e d•m•的制的

3) Determine tho Rang白白pabilr lioswith rogards lo p用ssure, bendr吨。 tension, and thermal loading 

4) y ,”’dale tho Ra吨。design In 缸cordancowith an lndust町a出池’＂时叩edficallon.

L。ad1ng c。的dillons add呻ssed by this guideline aro 阳ossure, bondtng, 10时’on, and thermal effects. Loading 
cond丽。ns n。taddressed by thrs guide前ne include lorsHin and transve陌e shear. 

阳，luremodes addressed by lhis guideline ere flenge body pl回lie coUe1>四 ”a吨e body excess，咽曲阳mel ion, 
and bolt failure under monolonlc (as 。pp。sed t。町clic) loadl吨 condltl。惜

Failure modes n。t verifi时间阶egukleH闹 Include leakage. local甜aln, and fallgue Aα:ordl吨 10 PN 90· 21. API 
6BX flanges (or bolltng）制II likely be overslres国d belore 6BX gasket leakage. For lhrs me四”， 怡、is documenl 
d。es not a回＠臼lhe SBX gaskets f臼 leakage This Is bas.ed on 6BX gas相tsmalntaln l咱自iti倒S闺H咱∞。iact
st 'GSS after hub seρatall。n II assumes that pressure is '9pplied prl。r toe对emal Joadrng These findl吨SWQfQ 
sυ阳。由d by 咽lidalion lesli，咱。n 4 'I,. a叫 7 ’1,. 66X flanges. A阳rocation where 阳吨es a陪 subjected lo 
extern剑load川gp曲， 10 p呻ssurlzatron may require additional co耐汹eraI始ns

5 HPHT End Flange Initial Sizing Meth。dol。gy

5.1 General 

This sec划。n provides gui由时e 。n he附 to devel。p the initial siz日吨。f a.n A同 66X st向阳吨eυsing tradrtional 
hand caleulallons. Those calculallOns sh剧创 ，、01 bo cons，由呻das a requl<omenl d山ing lh• verlfica•。np，。cess.
Fu巾enrn。re, u扭。f lhese calcx归llOOS d国s nol ex町npl verific甜回and vaHda阳”。f lhe final deso叼肌

5.2 Gasket Selection 

Due lo lhe complex behavior ol seels, ii >S nol po白’ble lo have a unive晤时m。del , method 。e crilerion for llleir 
de啕n and ve耐饵”。n



”。”＂I:＇＂－＂~闲时’刷刷刷明仙”而阳”。＂＇＂倡“民阳宵”坦白V ' 
N。τE See 6nnfu.A !0< an examp悔。e how回API 6BX gasket m;ghl be ""'med !0< 陆目，，..副ty.

5.3 Cafe‘date B。ltlng and Flange Dlmcnsl。ns

S.31 lntroductl。n

The met阳d '°' calculating tile oom啕 and 阳nge dime阳Ions 1s a 相ve怜step pro曲辑 Ea由 step es国以i由cs a 
阳山响eter or dim制sk>n as l isted below. 

- Hub T咀ckn幽s (wall or pl阳｝

-P陪ssure Loadong 

- Soza and number or bol!S 

－阳，回d伯cod凶metet 

- Flange tlllckne路

N。τE Scclln阻d'°'an 咽。mple Cl '"" fl啤盹喻院。oe盹

S.3.2 Hub Thickn••• (Wall o f Pipe) 

The wall thi鸭ness or the hub may be detem阳ed using an appropriate pr回SU陪vessel vrall calculati。n.

NOTE 目chenberg 崎•• Lame s fOlmula 怡。etermlne 1阳刚刚＂＂mw晴W回ckness of ""' hub. ”、e all阳抽梅langential
$1'0$$相 lhe lnne• ro胁，..咐’“吨。，制制，ewa•llmlted IO目%0!阳崎.Oficd m1n;m阴阳，.....呻胁。1阳”•"9• bOdy 
While,... m胁。dw斟ecceplable al the Omo of his wort<. la阳时旧ncom制ts in pres剖，ev眉目l teclv>ol咱y have p酬，ded
more robuSI means for pr·。pe< vrell sizi吨。fa pressure v回selwatlεxsmpl目。t lhese can be lo四、d凯阳bll由l~nssuch as 
A问扭曲曲，四GX or API Technical Repo饨’7TR8,

5.3.3 Pressure Loading 

Calculate the tol剖严回SU用 end load 9eneraled by intern剧P用ssure acting on the flan♀e and9askel 

5.3 4 Size and Numbe，。！ Bolts

5.3 4. 1 Determine tile minimum requored iota』 stud lhread root area by d1vidmg 响。 to国I pre .. uro end load 
gene咱led by i ntern例，陌$制re (see 皇A」） at hydros！剧C由ell I回i co叫陪咱们 by 63 % of the min阳、um spe<:，而ed

bOll y制d stronglh 

5.3 4.2 Soled tile size and number of bolls such that 阳tat stud lhread ro。t area Is not 始ss Ulan ti回陪qui陪d

total s阳d lhr嗣d ro。t areaφThe number of bolts曲。υId be a multiple of 4. 

N。τE Ca阳lating 阳 boll 曲曲’四川崎g detem加Ing the ft，画ge dime剧。咱 and esl串lishlng prac耻副 cl回ranees

be柑四”＂＂＇ l>OI凰 andbetwee<、the bOllS a时队ehub, IO 翩。wt。aac曲目 ’~efer IO Taytor FOfge s”Modem Fl酬。eDesign" 
for耐mnol d;mcns闲时确．

5.3.5 Raised Face 。utside Diameter 

T情 raised f顶帽。utside diameter m町惘刷刷刷ed usl吨 the load ge闹rated by the ch。四n bolting a目embled

to 50 % of boll yield slJength a .. embly slJess based on slJess area. 

The t时剑boll pre!。ad d ivided by tile annular area defined by the 由lsed laceou凶Ide dlam副•rand tile 。uteredge

of tile seal gr田ve should be less Ulan 30，因O ps’· 



• AA Atoo.,.,t'llltO阳c-nccMF3

5.3.6 Flonge Thickne .. 

The flange's st疗fness ratio m剖悄悄回归detennine the minimυm acceptable fla吨e thickness. Fla吨e stiffne扭
曲”。 is an ondlcat时时，割地恤nce to bolt rat地υe failure and 10挡。1ρreload due to S!Jess.,elaxation，岛。由bzed

yielding, emb回me『it, and othe< boll，咱phenomena

NOTE All sian由rd A问6BX ’街哈.. wεre as辑幅ed, and the省 酬伪、e目，a如s were foot、d io ra吨e~om o 50 to 0.37 
”、erelO~.• 刷.....崎llO 。10 剧。，协$$1$ 『ecommcnded f()( Al'l 66X $1y除阳呻cs. Seo ＆！耻丘且.., ....阳闻llOn 。f hOw 
e晦甜把nossrati。，s calculated. 

6 HPHT End Flange Design Verification Analysis 

6.1 Oetermme Flange Capabolltles 

Nonlinear analysis methOds sh刨出 used to as抽ss th.• follow如g faBure mOdes for the k抽ds dosrussed in 
革国革皿且：

- Flange bOdy plastic collapse 

-s肝v，饵 Criteria as a仰自由ble

- Excessive b。Ii stress 

The methods and 白，teria used to as回国 these failu陪modes are e扳回由ned in 且呈，且且， and阜韭

6.2 ”咱h Temperature E仔ects

The reduc阳n of mat回at sts凹9th shall be in础，ded '°' wellbore tern阳’8阳res greater than 250 •F up to 350 "F. 

For temperatures above 350 ' F. a heat transfer analysia. shall be m而rmed woth the results incorporated into 
a structural analysis where the streng伽 curves arc adjusted for temperature and the coe俯cient of them剧
。xpansion Is induded to assess thermal loads. 

N。τE AP! Technical Ropon 6MET contains 曲tails of mat倒>al 甜on拟h re由ction af elevat回 tempe<al1'ros for many 
dlfforenf mate ials 

6 3 Flange Body Plasloc c。IIapse 

The阳呻• body shall ha呻adeSlgn marg讪 supported by the appl阳bteAPtd。cumentas v航ificalJon that ti d国S
附I fail by plastic co阳。酶，

The flange body 姚、陈如gcondi’”。nplastic collapse回teri恒、 shooldbe b盹ed。n load and re•i•t•町e factor d屑，gn
(LRFD). 

NOTE 1 If阳rto,mcd , lhc «崎sin且.a ,,..iry Ille non伊曲啕彻athyd响始向抽cu te<t oondmon 

NOTE 2 Elasoc anaJysl• ls a刷刷刷＠呐刷怕剧、f0tn>an国叫ti、AP f S1andard 6X庐

6.4 Se阿tee Cnteria 

Service critena limil the 阳tenliel for unsa!osfect。ry pe『forman。e Unsal<sfact目y pe斤ormance may 崎阳tt duet。

剧cesslve deformation, I回J<age, loss of prelo甜，。rot闸， setv’ceCfltcna, asap酬臼剧e

Addiilonal d咄咄smaybe 闹剧ed to 峙，lfy阳刻deformations o。闸忖盹ult In an exc盹sl咽始碍。f pr脚ad that 
may Impact the functio伺ahty由间，formance or the de~啕n
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E朋mples 。fex回ss.ve deform剧。n include 。nset of gr回s plastic deformation or interference with s阴阳nd叫
comρone1、ts Refer抽API 6X. ASME BPVC Vlll-2 , and Vlll-3 f0t additional de!alls 崎gard嗣g se向Ice criteria 

6.5 Excessive Bolt s”’SS 

6.5’ Assossmcn‘ 
B创ts sh创l be a回esse<I for th创rmaximum tensile SUO$S. Bolting tensll-0 stress sh创l be evaluate<I usif咀 theAPI

6A63 % yi刨d stress criteri。n.

6 6 Design Validali。n

Validation testmg shall be perfonned and documented in accordance with an industry ac回回回specific曲回

7 Results 

Results 曲捕 be In the lonn or ca阳bi!Jty 由ans “ke those foond Tn AP』 Technical Report 6AF. API Te由川剧
Rep田t 6AF1 , and APIτechnical Rep。，t6AF2

N。τE Seee.rum」二fore只剧咱pies of API 68X 伺ange回国bilitychans咀！咱阳曲阳刻cBmeth晤。1咱V



Annex A 

( informative) 

Verifying Gasket Suitable for I nternal Pressure Requirements 

A .1 lntr。duction

This annex demonsvates two dlffere时 methods （副！symmetric and 30) for verl厅ylngAPI 6BX gaske<s are sul田ble

for intern时阳essure requirements. The geskel material assessed was 31655. This 皑白ssment was pe斤。rmed
us，吨 room temperature pr。间而es. The me阶。由，n tl>is annex have not been validated. 

A.2 FEA M。del

A 21 Axlsymmetrlc FEA M。del

The seal groove was model!回w陆rigid fines representing the least matenal oo闹剧。n. A friction factor of 0 1 was 
appli国阳脚。ontact surlac盹（S回 日血且11.1) The 6BX gasl<et W时 mode”ed In tile I回st material condition 
m伽 8 肌Je stre臼 true strain material model representmg the minimum sp町’仍ed yield s柿ength of the gasket. 
R国kl Un盹were moved t。阳台，盹剧t a lully f部e to·face nange make-up oondltlon 

N。τE n、e协aSI mat0rlat oondillon resυ＇＂＇ in the 』owest lntcrte•cnee oonditio内．

• 
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I STtP " REMOVE ..酬.. , 
G－协..肝nod In Tobie B.2 e”’＇＂＇蝇. .

Figure A 1-Example Element Plot of 6.BX Gasket-Initial c。ndiUon and Loading 

，啦。τE

30 FEA M。del

A ffange, g甜ket, and bolt were modeled u sing the lea剖 mate由I condl1lon (Sec Figure A 2) A friction ractororo 1 
wasap例，ed to the c。n国ct surfaces. 日astic－回astic material properties were 即回回 to the flange 6BX flange to 
ace。untror lo回l yleldlng Bolts were pr创oaded aα:ordlng t。切%as随mblySV回s for 95l< bolts True stress Vue 
st晴Inn回t&nal mOdets represenU吨theminimum specl加d yleld svength or the gaSket and 伺ango-wero applied. 
A句id surface was model时时 the hor泣。ntal plane or町mmet叩a叫 con切时was enforced be~vee们 the rigid 
例ane and the nange. lnterna』阳ossure and total p陪ssuro end load wo陪appUod IO the ffango when 归。ssu陪d
See F创gureA .3 for an example of a Stress plot of a 3D model. 

A.2.2 
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Figure A.2- JD ”。del of Flange Assembly 

A.3 FEA Meth。ds

节、e a阳ll曰“。n of pressure load•吨was lhe same f。r both melhods Inc陪men饱I pressures were then appll时
lo lhe gask副 from lhe inner diameter lo lhe 脚”。f lheouter 目，lingsu归国（see Ei且阜阜1) Ea曲 incremenl<ll
阳essure w菌，emoved, and lhen con阳Cl force was recorded This w前，epeated f0< each evaluated pre吕ure.

S四旦阻旦,8d and fi且应＆呈阳，a repr回enlative sire自由”阳Uf plot. 
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Figure A.3--lOxomple Streu Pl。‘。f30 M。del

Figure A.4-εxample Stress Plot of Axisymmetr阳”。del
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