Tom Wallace
Pikotek Inc.

P O Box 260818
Lakewood CO 80226

Dear Tom:

Mechanical Engineering Consulting Services and Software

ON-LINE

RESOURCES

October 25, 1996

The results of the analysis of the ASME/ANSI flanges with your gaskets is summarized below. All of the flanges
met the requirements for the increased working pressures you had proposed.

Some of the flanges also had high stresses when initially seating the gasket. These would have to be preloaded to
slightly lower initial bolt loads if the user wishes to avoid stresses in excess of the ASME Section VIiI Division 1
allowable stresses. However, it should be noted that these allowable stresses are considerably more conservative
than some other codes pemmit, notably API Specification 6A and ASME Section VIII Division 2.

Size Class Class Class Class Class
300 600 800 1500 2500
12 1000 2000 3000 5000 10000
3/4 1000 2000 3000 5000 10000
1 1000 2000 3000 5000 10000
1-1/4 1000 2000 3000 5000 10000
1-172 1000 2000 3000 5000 10000
2 1000 2000 3000 5000 10000
2-1/2 1000 2000 3000 5000 10000
3 1000 2000 3000 5000 10000
312 1000 2000
4 1000 2000 3000 5000 10000
5 1000 2000 3000 5000 10000
6 1000 2000 3000 5000 10000
8 1000 2000 3000 5000 10000
10 1000 2000 3000 5000 10000
12 1000 2000 3000 5000 10000
14 1000 2000 3000 5000
16 1000 2000 3000 5000
18 1000 2000 3000 5000
20 1000 2000 3000 5000
24 1000 2000 3000 5000
Sincerely,

o P Hpurte, PE

John H. Fowler, P. E.

P.O. BOX 925393 « HOUSTON, TEXAS 77292 « PHONE (713) 688-0767 ® FAX (713) 688-7610



On-Line Resources
P O Box 925393
Houston, TX 77292

Fax Transmittal

DATE: April 7, 1997 TIME: 12:30 pm
TO: Tom Wallace PHONE: 303-988-1242.
Pikotek FAX: 303-988-1922
FROM: John H. Fowler, P. E. PHONE:  713-688-0767
FAX: 713-688-7610

RE: Code Conformance of Pikotek Flanges

Number of pages including cover sheet: 5

Message
Tom - I have put together the following on B31.3, B31.4, and B31.8 conformance of the Pikotek designs.

A Conformance to ASME B31.3:
1, Standard Equipment: Paragraph 308.1.2 is the controlling paragraph. Paragraph 308.1.2 states:

Unlisted Components. Unlisted flanges, blanks, and gaskets may be used only in accordance with
paragraph 302.2.3,

In turn, 302.2.3 says:
Unlisted Components:

(a) Components not listed in Table 326.1, but which conform to a published specification or
standard, may be used within the following limitations:

(1) The designer shall be satisfied that composition, mechanical properties, method of manufacture,
and quality control are comparable to the corresponding characteristics of listed components.

(2) Pressure design shall be verified in accordance with para. 304.

Our flanges meet all of these requirements, since the flanges themselves are actually listed components
with different ratings, and they fully conform to the ASME Boiler and Pressure Vessel Code. Section
304.5, Pressure Design of Flanges and Blanks, is the applicable section of Paragraph 304.

Paragraph 304.5.1(b) states:

A flange may be designed in accordance with the BPV Code, Section VIII, Division 1, Appendix 2,
using the allowable stresses and temperature limits of this code. Nomenclature shall be as defined in

Appendix 2 except as follows:
P = design gage pressure
Sa = bolt design stress at atmospheric temperature

Sb = bolt design stress at design temperature
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Sf = product SE (of the stress value S and the appropriate quality factor E from Table A-14 or A-1B)
Jor flange or pipe material. See para. 302.3.2(e).

This method is the method we used on the high pressure VCS flanges, except that we used the ASME
BPV allowable stresses which are lower than the ASME B31.3 allowables. See Table 1 below.

Paragraph 302.3.2(e) states:

(e) Application Limits. Application of stress values determined in accordance with (d)(3) above is not
recommended for flanged joints and other components in which slight deformation can cause leakage
or malfunction...

The referenced paragraph (d)(3) refers to austenitic stainless steels and nickel alloys where the allowable
stress is sometimes determined by 90% of the vield strength since these alloys have a very gradual yield
starting far below their tensile strength. This is not applicable to our flanges.

Therefore we can determine the limiting temperature by comparing the ASME B31.3 allowable stresses to
the 17,500 psi value we uscd in our analysis for the flange. The bolt allowable stresses in the BPV and

B31.3 are identical.

Temperature limits for the following forged carbon steels were determined based on ASME B31.3 Table
A-1. and assuming a quality factor of 1.0:

Table 1 - B31.3 Temperature Limits

Flange Material Temperature Limit, F
A350 LF-1 or A181 Cl. 60 340
A420 WPL-6 or A234-WPB 585
A350 LF-2 635
Al05 or A181 ClL. 70 635
A234-WPC 715
2 High Pressure Equipment, B31.3 Chapter IX: Paragraph K304.5.1(b) is the controlling

paragraph. This paragraph states:
A flange may be designed in accordance with rules, allowable stresses, and temperature limits of the
BPV Code, Section VIII, Division 2, Appendix 3 (or Appendices 4, 5 and 6).

Our analyses were done in accordance with that Appendix, which has design equations and allowable
stresses identical to Section VIII Division 1 Appendix 2. Therefore our temperature limits for common
forged materials in this case would be as shown below. Temperature limits for the following forged carbon
steels were determined based on ASME BPV Section II Part D, Table 1A:
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Table 2 - B31.3 Chapter IX, B31.4, and B31.8 Temperature

Limits
Blange Material Temperature Limit, F 7
A350 LF-1 or A181 CL. 60 Not permitted
A420 WPL-6 or A234-WPB Not permitted
A350 LF2 650
Al05 or A181 Cl1. 70 650
A234-WPC 650

B. Conformance with ASME B31.4
The key paragraph in this specification is Paragraph 408.1
408.1 Flanges
408.1.1 General
(@) Flanged connections shall conform to the requirements of paras. 408.1, 408.3, 408.4, and 408.5.
(b) (Permits the use of B16.5 or SP-44 fanges)
(¢) (Prohibits the use of cast iron Slanges except those integral with proprietary products)

(d) Flanges Exceeding Scope of Standard Sizes. Flanges exceeding the scope of standard sizes or
otherwise departing from the dimensions listed in ANSI B16.5 or MSS SP-44 may be used provided
they are designed in accordance with para. 404.5.1.

Paragraphs 408.3, 408 .4, and 408.5 relate to flange facings, gaskets, and bolting respectively. The
Pikotek design meets these requirements. The applicable section of 404.5.1 is:

404.5.1(c) Where conditions require the use of flanges other than those covered in para. 408.1, the
JManges shall be designed in accordance with Appendix 2 of Section VIII, Division 1, of the ASME
Boiler and Pressure Vessel Code.

This requirement differs from that of standard B31 3 designs in that the lower ASME BPV Section VIII
design stresses are required. The allowable temperatures for B31.4 would be the same as for Chapter IX

of B31.3 (Table 2 above).

C. Conformance with ASME B31.8

The key paragraph in B31.8 is paragraph 831.2.
831.2 Flanges
831.21 Flange Types and Facings

(@) The dimensions and drilling Jor all line or end flanges shall conform to one of the following
standards:

ANSI Bl6 Series listed in Appendix A (for Iron and Steel)
MSS SP-44 Steel Pipe Line Flanges

Appendix I Light Weight Steel Flanges

ANSIB16.24  Brass or Bronze Flanges and Flanged Fittings
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The Pikotek Flanges meet the above requirements since their drilling and dimensions are in accordance
with ASME B16.5.

Paragraph 831.22(b) specifically permits ASTM A193 bolting.

Paragraph 831.23 requires gaskets to withstand the pressure and to maintain their physical and chemical
properties at temperatures to which they will be exposed.

Paragraph A842.28 requires flanges in offshore service to “be such that smooth transfer of loads is made
without high localized stresses or excessive deformation of the attached pipe. Connectors and flanges shall
have a level of safety against failure by yielding and failure by fatigue which is comparable to that of the
attached pipeline or riser.” No quantitative guidance is given for these requirements, so one would have
to assume that ASME Code design requirements are sufficiently conservative.

ASME B31.8 does not require any particular method for the design or stress limits on flanges. Therefore
the limits of the ASME Code should be used, which again limits the temperature to the values of Table 2.

D. Applicable Pressure Ratings

1. ASME Flanges

The following pressure ratings were verified for the Pikotek HP VCS flanges, with calculations based on
ASTM A105 flange material and ASTM A193 grade B7 or B7M studs (ASTM A194 nuts are acceptable
for this situation). These ratings are applicable for ASME B31.3, B31.4, and B31.8 services.

Table 3. Rated Working Pressures

ASME B16.5 RF Flange Class Rated pressure with VCS Gasket, psig
300 1,000
600 2,000
900 3,000
1500 5,000
2500 10,000
2. API Type 6B Flanges

These same working pressures are applicable for API 6A service for the following flanges, providing the
flange is constructed of materials mecting API 6A requirements (45,000 psi yield strength for weld neck
and 60,000 psi yield strength for integral flanges).

The following table shows the nominal sizes on which the ASME flanges correspond to API 6A Type 6B
flanges. The term “Type 6B” refers to a now obsolete APT Standard 6B that previously defined these
flanges. API Type 6B flanges are dimensionally interchangeable with ASME B16.5 flanges, but have a
different system of nominal sizes which relate to standard wellhead equipment bores.

API 6A equipment can be purchased to eight different temperature ratings and combinations of these
ratings. These are shown in API Specification 6A Table 4.2. The three low-temperature ratings K, L,
and P are -75 to 180, -50 to 180, and -20 to 180 F. Ratings S. T, and U are 0 to 150, 0 to 180, and 0 to
250 F respectively. There is a special R rating (“Room Temperature™), and a V rating from 35 to 250 F.
Temperature ratings of API 6A flanges are stamped on the outside diameter of the flange.

The VCS Gasket can be used up to 350 degrees F.
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Visual Flange - Flange Analysis Report

Flange Name: 12“-96_0# Carbon Steel Flange . | Company Shell

Methods and Asswﬁptions:

This analysis system is based on the methods of the ASME Code, Section VIIl. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VI Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: i_lnte;g:rial Hw

Flange Body Data: Bolting Data:
Flange Bore Diameter _ W ?@ in Bolt Circle Diameter ; _@J‘ in
Flange Outside Diameter L_@ in Bolt Size r;_0_87E in
Flange Thickness LiT@ in Number of Bolts L___B
Raised Face Diameter L ng @01 in Bolt Material: |_771Aj§i7 '
Flange Material: 7;7—_ j;\@ Thread Root Area \Oi1_93_‘ in2

Total Actual Bolt Area: E3_5E in2

Hub Data: Gasket Data:
Hub Length ‘____4_20' in Gasket Type: l ] jﬂko@('
Hub Major Diameter | 4130 n Seal O.D. | 2506 in
Minor Hub Diameter 2380 in Gasket O.D. | 5.500]in
Hub Material: |j 7@&5 Gasket Material: \7 j[@}z 3(_3aw
Hub thickness G0: : | P@ in [ _Z_Eé in
Hub thickness G1: . 1.0315 in Calculated b dimension: | 0.265/jn

Performance Requirements: Code Requirements:
Temperature: {—___ éO? F ‘jﬁ} C Code: {@31 i __,
Working Pressure: |__2_.2_2_6 psi l;j_gj MPa  Preload Requirement: ‘LA_SMTfiii |
Test Pressure: —ll psi (7_2_0_ MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

__psi  MPa _psi_ MPa  psi_ _MPa_

Flange (23300 | 1606 | [ (34950 2410 | [ 21600 | 1469
Hub 23,3094 160.6 1 | 34,950 ! 2410 | | 21,600 | 148.9
Hub Shear 13980 | 964 | 20970 | 1446 | 12,960 894
Bolting | 25000 | 1724 | [ 37500 | 2686 | [ 25000 | 1724

Forces on Flange: Ibf kN Ibf kN
Separation Force H: | 10,950 | 487 HT=H-HD: ' 3,500 | 15.6
Pressure End Load HD: |—@ r@| Gasket Ret. Force HP L,i j L___i%

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, ps:' MPa Makeup Torque,
Operating Load Wml: '_ 1,@50" 48 7 3 3 264 [ 22. 2 5 OK fr-lbf N-m
Gasket Seating Load Wm2 | 15 65—0 I sgfg 4,666 ‘\ 322 0K
Required Bolt Load: 156 650| 696/ | 4666] 322 0K | 25| 34
Bolt Load at Hydro Test: ;_ﬁ L ;77700‘ L: ;0; 0_0‘ OK -
Design Bolt Preload W: | 4_9_7§| 2213 ‘_14,833 71@ OK :?E B 1)?7

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 1700 [ | 4 3 2
Operating/Test Condition | 1.701 [ 432/ 2107 | 535 —1_ é97 507
Geometry Factors
B sub 1: 'i 77—3075& Factor F: | ) 70—37:": Factor U: l_7 Eé3l
Factor d: i 3_7—2 Factor ho: ”; 0 5€_9J Factor V: _ N 7707096]‘
Factore: | _9._6251' FactorK: | 4 12 Factor ¥Y: | iﬁ:ﬁ
Factor f: _T_OC_)(_J Factor L: :; ZTOE Factor Z: :7:17172_@
Factor T: | ; 0-9@
Flange Moments
Gasket Seating: _77754 585 J in-lbf 77777:9.55787_-21 N-m
Hydrostatic Test: Lﬁ - 7 ‘ in-1bf e 7_0-7(:.5 N-m
Operating: | 20044 in-1tf | 22650 Nem
Flange and Hub Stresses in psi
Gasket Seatmg Hydro Test Operating
Longitudinal Hub Stress SH, psi: | %OK ' - EOK uirﬁ - 2,094 ‘i'OK
Radial Flange Stress SR, psi: 144540k | “olok | 3425 425 oK
Tangential Flange Stress ST,psi: | 9440 0K | 0|0k 22370k
Combination (SH+SR)/2,psi: | 11,646 0K 00K | 27600k
Combination (SH+ST)/2,psi: | 91380k | ook | 2 165 lok
Hub Shear Stress (Swivel Flgs): | 7QJOK 0 J‘OK ] 0ok

Analyzed by Date Checked Date

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: 12--_900# Stainless Steel Flange 7} Company ;Shell_

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section ViII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: Ilitejglfal Hub 7 _ |

Flange Body Data: Bolting Data:
Flange Bore Diameter f 77&5 in Bolt Circle Diameter 1526\ in
Flange Outside Diameter |7778§0j0j' in Bolt Size FE@ in
Flange Thickness F LOE) in Number of Bolts L 77@
Raised Face Diameter [_ ] EEOJ in Bolt Material: .__ SA_?§3-B-7j
Flange Material: [ i g@ﬁg 1@ Thread Root Area ‘OE?;I in2

Total Actual Bolt Area: }__353574‘ in2

Hub Data: Gasket Data:
Hub Length thﬁ@' in Gasket Type: g.__ Wﬁj?‘?kdél_(j
Hub Major Diameter Lﬂr ﬁd in Seal O.D. {737595! in
Minor Hub Diameter y :772 3@} in Gasket O.D. E_?goio‘ in
Hub Material: _j_ SA1 82—1:73_1 g Gasket Material: i i Pi&qié_k_§09f|
Hub thickness G0: r707565 in . 2.506 in
Hub thickness GI: iiglﬁ _5} in Calculated b dimension: I—ioﬁ in

Performance Requirements: Code Requirements:
Temperature: |: 2_56J F @ & Code: EME_Bﬂ |
Working Pressure: @ psi |71 il MPa  Preload Requirement: {Asﬂj___ B
Test Pressure: % 0 psi [_j@ MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

psi MPa psi MPa psi MPa

Flange | 20000 | 1379 | [ 30000 | 2068 [ 20,000 | 1379 |
Hub | 20000 137.9 | | 30,000 2068 | 20,000 = 1379 |
Hub Shear 12000 | 827 | [ 18000 | 1241 | | 12000 | 827 |
Bolting | 25000 | 1724 | | 37500 | 2586 | | 25000 | 1724 |

Forces on Flange: I kKN _Wf kKN
Separation Force H: | 10950 l‘_4_tj3.7[ HT=H - HD: 3500 186
Pressure End Load HD: | 7,449 | | 33.1 Gasket Ret. Force HP | 0 I | 0.0

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi MP{: Makeup Torque,
Operating Load Wml: f__m 950 | 487 | 3264| 2250k fr-1bf N-m
Gasket Seating Load WmZ _15 6_5Q 7 ,,—635 \L 4 666 32 2 0K
Required Bolt Load: B @_5_@ - 69_a Li ‘iﬁé I‘ 32 2 0K _77@ ‘_7&4_
Bolt Load atHydroTest: | 0/ 00/ o] o 0 0K
Design Bolt Prefoad W: | 49,755| 2213 | 14,833 102.3 0K . 8ol 108

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition ;7177001 {__ ngj
Operating/Test Condition | 7170—1| L ?&2‘ ' _Elﬂ 777 53 § ;_ ‘LQE)ZI '_; 56,3
Geometry Factors
B sub I: 77—3 Q@I Factor F: L B 0 _?JZ§ Factor U: | 7777—15@
Factor d: 777 _3_.735*‘ Factor ho: g,, 0.569 Factor V: 77:7970_0(5
Factor e: :7 0_§5§ Factor K: |7; _4_175 Factor Y: 71717‘}111,
Factor f: ,7 1 _(_399 Factor L: Cf B 2_9§_§ Factor Z: ;7;ij§6j
Factor T: |T77Q®§
Flange Moments
Gasket Seating: . W§4'5_8_5 | in-1bf B i 558.2 N-m
Hydrostatic Test: 0 | in-lbf 00 Atm
Operating: ___7'7726 044 | in-Ibf B 722£(_)‘ N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Ogemtmg
Longitudinal Hub Stress SH, psi: B 8 8?7 0K * __jL;OK - 2,094 094 | OK
Radial Flange Stress SR, psi: | 144540k | 00K | ~ 3,425|ok
Tangential Flange Stress ST, psi: ;__9 _440—|0K L -~ olox szﬁ 537 0K
Combination (SH+SR)/2,psi: | 11646/0K | 0lokK | 2,760 0K
Combination (SH+ST)/2,psi: | 91380k | Olok | 2,165 ok
Hub Shear Stress (Swivel Flgs): R - OWOK l_i 77@01( ; jOK

Analyzed by Date Checked Date

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: ~ 4'-900# Carbon Steel Flange

Wi Company \'ShETl '

Methods and Assumpiions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: lntegral Hub -
Flange Body Data: Bolting Data:
Flange Bore Diameter | 4_02_6‘ in Bolt Circle Diameter _92501 in
Flange Outside Diameter i 1‘150EJI in Bolt Size 1125 jn
. — a7en =
Flange Thickness 77115(] in Number of Bolts B L ?_-
Raised Face Diameter | - ggg in Bolt Material: ' SA193-B7]
Flange Material: B - 7 SA1 05| Thread Root Area 0 7277 \ in2
Total Actual Bolt Area: '7 5.822] in2
Hub Data: Gasket Data:
Hub Length L _4_ _5_09 in Gasket Type: | ) ?Eiel_(.
Hub Major Diameter 6250 in Seal O.D. . 4.943 in
Minor Hub Diameter 4500 in Gasket O.D. | 8.000 in
Hub Material: | ] a ___j§A105j Gasket Material: | Fﬁate_k 390::|
Hub thickness G0: [ 0.237| in L 1943J in
Hub thickness G1: ‘ 1;1'12} in Calculated b dimension: |7072?9 in
Performance Requirements: Code Requirements:
Temperafurg_- |ﬁ E 2_570 F |_ 121 C Code: ‘ASME 831 _3__|
Working Pressure: [ 2,220] psi _____13 \MPa  Preload Requirement: A%E ]
Test Pressure: B ,,ﬂ psi | 90 MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi_ MPa ps: MPa ) psi MPa ‘
Flange | 23300 | 1606 | | 34950 | 2410 | [ 21600 | 1489 |
Hub | 23,300 | 160.6 34950 | 2410 | | 21600 | 148.9
Hub.Shear | 13,980 196.4 4 20970 | 1446 12,960 ‘ 89.4
Bolting ‘ 25000 @ 1724 |_37,500 i __258.6 I 25,000 1724 n
Forces on Flange: Ibf kN o I - kN W
Separation Force H: 42 601 |  189. 5 HT=H-HD: | 14340 638
— | |
Pressure End Load HD: | 28 261 \ 125 7| Gasket Ret. Force HP . 0| 00
Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf KN Stress, psi MPa Makeup Torque,
Operating Load Wml: | 42,601 ﬁ’a’g 5| __7_ BW. - 50.5 0K ft-1bf N-m
Gasket Seating Load Wm?2 i 32 514_ Il 144 6‘ i 5 585 | ﬁ_& OK
Required Bolt Load: [ 22 601)| 1805 7,318 505 OK s8] 119
Bolt Load at Hydro Test: f— 0 | 00 - 0 I o 0.0 0K
Design Bolt Prefoad W: | 94071) 4184 | 1 é,wg 1114 oK 194l 262]

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition Fi io@ IL, I1(:.‘_0;
Operating/Test Condition | 2056 | 522 | 2383 [ 605 | 2154 | 547
Geometry Factors
B sub I: ﬁi_Eé' Factor F: 7_7_794748 Factor U: i - 554J
Factor d: rif; 7812—25 Factor ho: |__ _707977?? Factor V: | 7—021_;”
Factore: | C)f_£5§I Factor K: _727§E| Factor Y: |r7 1 qsg
Factor f: f} 17 006| Factor L: __ - 27@ Factor Z: iﬁ . 1 2_7_9:
Factor T: —___ ﬁﬁ
Flange Moments
Gasket Seating: |_ 170 190 in-1bf ; 19,231.5 Nem
Hydrostatic Test: j B 0 ‘ in-Ibf ' __;W\ N-m
Operating: | 92 274] in-lbf 7_7_ 10, ,435)1 N-m
Flange and Hub Stresses in psi
Gasket Seating H}gdro Test Operating
Longitudinal Hub Stress SH, psi: | 12,730 |0k __jOK | 6,902 0K
Radial Flange Stress SR, psi: | 13,562 0K (____ 0ok | 73530k
Tangential Flange Stress ST, psi: | 9 702 |OK _ ) 00K L S,QEOK
Combination (SH+SR)/2,psi: | 13146l0k | 0ok | 71280k
Combination (SH+ST)/2, psi: | 11216/0K | ook | 60810k
Hub Shear Stress (Swivel Flgs): | 00K | 0ok | _(ﬂOK

Analyzed by Date Checked Date

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: ~|4"-900# Stainless Steel Flange Company ‘éheu

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIl Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: Integral Hub

Flange Body Data:
Flange Bore Diameter _7_4@ in
Flange Outside Diameter a 7771 1 50_6| in
Flange Thickness | 1750 in
Raised Face Diameter {W_al in
Flange Material: _ri 77§ﬂ §2:1€3j?

Hub Data:
Hub Length ’j)_OJO in
Hub Major Diameter j ié% in
Minor Hub Diameter  4.500]in
Hub Material: iiism 82_—@3}
Hub thickness GO: | 0237in
Hub thickness G1: \_—11? in

Performance Requirements:

Bolting Data:

Code Requirements:

Bolt Circle Diameter 9250 in
Bolt Size | 1.125 in
Number of Bolts L,_—_S_i
Bolt Material: o SA‘FS——B_?\
Thread Root Area @ in2
Total Actual Bolt Area: | 5.822 in2
Gasket Data:
Gasket Type: o F’ikotiifj
Seal O.D. _4_§‘L3 in
Gasket O.D. ‘—8005‘ in
Gasket Material: ~ Pikotek 300+
4%43in
Calculated b dimension: | 0279, in

Temperature: [ 25077!‘ F :121w C Code: ASME 8313 ]
Working Pressure: .[L72,220! psi %777“1_5‘71 MPa  Preload Requirement: ASME ‘
Test Pressure: i__ 0 psi L_ OQI MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

__pu Mba = psi  MPa psi___MPa

Flange 20000 | 1379 | | 30000 2068 | | 20000 | 137.9 |
Hub | 20,000 i 137.9 1 30,000 | 206.8 20,00077 137.9 }
Hub Shear 12,000 | 827 | 18,000 | 124.1 | 12,000 | 827
Bolting | 25000 | 1724 | | 37,500 @ 2586 | | 25000 @ 1724 |

Forces on Flange: I kKN I kN
Separation Force H: | 42,601 | 1895 HT=H- HD: i 14340 63.8
Pressure End Load HD: 28,261 1257 Gasket Ret. Force HP | 0| L _O.Q_‘

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads:
Operating Load Wml:

Gasket Seating Load Wm2 j2;514 |___ 1446: i
| 42601/ 1895/ | 7.318| 505 oK

Required Bolt Load:

Force, Ibf

kN Stress, psi MPa

—

_ 42601 1835 7.318] 505 0K
5585 385 QK

Makeup Torque,
ft-1bf N-m

|88 119

Bolt Load at Hydro Test: T - _Fjl_ B '-0.0l T _? F_Eiﬁ\ OK
Design Bolt Preload W: | 94071 4184 | 16,159] 1114 0k | 194 262
Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition ~1.809 l 46 0'
Operating/Test Condiion | 2058 | 522233 6082154 847
Geometry Factors
Bsub I: ii@ Fuactor F: Ti_ﬂ%! Factor U: j B 2715‘ﬂ
Factor d: _ 7_787£5q Factor ho: | —(E_ﬁ‘ Factor V: | f@gﬂ
Factore: | 0.459 Factor K: __2_8_56_I Factor Y: ”179670‘
Factor f: 1 @‘ Factor L: L ﬁ“ Tj% Factor Z: ___:1727!9
Factor T: _@ﬂ

Flange Moments

Gasket Seating:
Hydrostatic Test:
Operating:

Flange and Hub Stresses in psi

Longitudinal Hub Stress SH, psi:

Radial Flange Stress SR, psi:

Tangential Flange Stress ST, psi:

Combination (SH+SR)/2, psi:
Combination (SH+ST)/2, psi:
Hub Shear Stress (Swivel Flgs):

Analyzed by

170,190 | in-Ibf

- A& I

19,2315 Nem

Sequence No.: 25

Visual Flange v1.01 - On-Line Resources, Houston, TX - 1/6/2010 10:35:3

Ol inpf L 00 Nem

%224 inay 104270 Nom

Gasket Seating Hydro Test Operating
127300k | 0ok | 6902|0K
. 138620k | olok | 73530k
. 9702l0k | 00K | 5260 0K
. 131460k | 0ok | 71280k
| 11216lok | o0lok | 6081 0K
.~ Olok [ ook ~ Olok
Date Checked Date
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Visual Flange - Flange Analysis Report

Flange Name: ~8'-900# Carbon Steel Flange ] Company Shell
| |

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIIl. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VI Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: m H_Ub_:_i_ri___ i
Flange Body Data: Bolting Data:
Flange Bore Diameter _ 7581‘ in Bolt Circle Diameter \r?@! in
Flange Outside Diameter :_ _@ 500 in Bolt Size :7777;3775} in
Flange Thickness '_ _2 5_00 in Number of Bolts B 1:27.
Raised Face Diameter 10 6301 in Bolt Material: j______ ﬂ% B7|
Flange Material: ;____ SA 1_Q§j| Thread Root Area |@ in2
Total Actual Bolt Area: 1 3.8 858 in2
Hub Data: Gasket Data:
Hub Length rﬁ?jfﬂl in Gasket Type: e W 7F§0teki
Hub Major Diameter | 11750 in Seal O.D. 9012 in
Minor Hub Diameter | 8630 in Gasket O.D. | 14.000 in
Hub Material: :_ §5@ Gasket Material: I - Pikbt.el:(fI_BC_)_O_ﬂ
Hub thickness GO | 0.3245 in " 9.012/in
Hub thickness GI: 18845 in Calculated b dimension: | 0318 in
Performance Requirements: Code Requirements:
Temperature: ﬁ%cﬂ @ C Code: ASME B31.3 |
Working Pressure: | 2,220 | psi B ET\ MPa  Preload Requirement: ‘AﬂﬂEi ]
Test Pressure: | 0 | psi 7 799 MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa psi MPa psi  MPa
Flange | 23300 | 1606 | | 34950 | 2410 | | 21600 | 1489 |
Hub 23300 | 1606 | | 34950 2410 | | 21600 | 1489
Hub Shear | 13980 | 964 | 20,970 | 1446 & | 12,960 @ 894
Bolting | 25000 | 1724 | [ 37500 | 2586 | | 26000 | 1724 |
Forces on Flange: Ibf kN Ibf kN
Separation Force H: | 141,607 ; | 6299 HT=H-HD: | 30,547|| 1359
Pressure End Load HD: | 111,060 | | 4940 Gasket Ret. ForceHP | 0| 0.0
Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi  MPa Makeup Torque,
Operating Load Wml: | 141607 | 6299 | 10219] 705 oK frlbf — N-m
Gasket Seating Load Wm2 | 67 51257 L ﬂqq 4, 873 73| 336 OK
Required Bolt Load: 141607 628 9 | 10219]] !.—_19-5} OK 233]] 317]
Bolt Load at Hydro Test: 1_ B OJ 0. 0| 0 \'F__ 06 OK -
Design Bolt Preload W: | 244,024 10854/ | 17,609| 121.4 oK 402|541

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition |—_ 2753 I_ 699
Operating/Test Condition | ;ZWQ L : jl.él 77_502% \7 8@ ‘_ 3 2-’T4| \r_____é_iil
Geometry Factors
Bsubl: | 9_8?3' Factor F: | ;:70-41_4 Factor U: ‘_7_7 ,25?_6;
Factor d: L,_“EE:" Factor ho: ii 1_53_9I Factor V: :_ OjQOiQJ
Factor e: ‘; “9__257' Facror K: | i, 2@ Factor Y: '_; 2 £§
Factor f: | T8 i ] 000‘ Factor L: | ;77 14_9§‘ Factor Z: ;ﬁﬁ“fl
Factor T: ri 1@
Flange Moments
Gasket Seating: 671,797 | in-Ibf | 759131 Nem
Hydrostatic Test: T 7 7 7_? in-lbf L _77 O-E N-m
Operating: | 419,852 in-Ibf | 47,4433 Nem
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: '___‘1._'2 822 ‘OK |_;j 0 ‘OK 1'_-"_ _8 _013 'OK
Radial Flange Stress SR, psi: 7 _1_6_7_*|0K j :___ 0 OK :10,4£[OK
Tangential Flange Stress ST,psi: | 86850k | 00K |  5428/0K
Combination (SH+SR)/2, psi: | 14766/0k | 0lok | 9,228lok
Combination (SH+ST)/2, psi: | 10, 1544'01{ 0ok [ 87210k
Hub Shear Stress (Swivel Figs): | 0 0K . ook | ook
Analyzed by Date Checked Date
Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: 8'-900# Stainless Steel Flange

Methods and Assumptions:

l Company Shell ‘

This analysis system is based on the methods of the ASME Code, Section ViIl. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: ‘]nmb 7” N
Flange Body Data: Bolting Data:
Flange Bore Diameter _77 ?@ in Bolt Circle Diameter |_ _EE% in
Flange Outside Diameter i 7@03 in Bolt Size | @ in
Flange Thickness '77@ in Number of Bolts _:LQ\
Raised Face Diameter | 7756530 in Bolt Material: L_—_SEB-@ :}j
Flange Material: '7— S_A_18_72ti?31 6 Thread Root Area ‘?1517_ J in2
Total Actual Bolt Area: |1—3_§5_8 in2
Hub Data: Gasket Data:
Hub Length ;776.\?;_8_ﬁO| in Gasket Type: I | F;ﬁdteh
Hub Major Diameter |: 11:-7_""5@ in Seal 0.D. L?’El% in
Minor Hub Diameter ;77863__0 in Gasket O.D. [:14@ in
Hub Material: . SA 17872--F3 16/ Gasket Material: i“_ _PIKOF_ek_?EJO‘tI
Hub thickness G0: ﬁ3245: in ‘__Ew bt
Hub thickness GI: | 1.8848| in Calculated b dimension: | 0.318]in
Performance Requirements: Code Requirements:
Temperature: [E@I F :1721J C Code: r‘{SﬁE B31 3777
Working Pressure: 2,220 psi ;71_57| MPa  Preload Requirement: 'AEME ) 1
Test Pressure: I—j psi ﬁ ﬂ MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa psi MPa - psi MPa
Flange | 20,000 | 137.9 | 30,000 | 2068 = [ 20,000 1379 |
Hub i 20,000 \ 137.9 ‘_30@0 | 2068 ‘ 1 20,000 | 1379 |
Hub Shear 12000 | 827 | 18000 | 1241 | | 12,000 [ 827
Bolting | 25000 | 1724 | | 37,500 | 2586 | | 25000 | 1724 |
Forces on Flange: Ibf kN Ibf kN
Separation Force H: !_14:16_077] W‘ETQI HT=H-HD: | 30,547 ‘ L _ 135.9
Pressure End Load HD: | 111,060 | 494.0 Gasket Ret. Force HP | i 0/| 00
Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi MPa Makeup Torque,
Operating Load Wml: 141607 629.9 | 10219 705 0K FHEf  Nem
Gasket Seating Load Wm2 *6752?| i_ _30-0-.31 | 4873 !I : 733-éi OK
Requied Bot owt: | 1416076299 | 10219 70305 | 23] a7
Bolt Load at Hydro Test: Li | a\ U-OIE ‘ 7' 7(1 ‘7707@ OK o
Design Bolt Preload W: _ 244,0@! 1,085.4 ;?TW 'jziil OK } 7470% ‘_"._5_41:-'

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition | 2753 l;_ 169.9
Operating/Test Condition _*351 7| _7 7ﬂ}3| ‘77 375_05 ,jﬁ_g' |_ 37@ L ”5%'
Geometry Factors
Bsub 1: Ff‘ @E Factor F: 041 4 Factor U: | _T}—ng
Factor d: ' 7 _ _49—091 Factor ho: } _—1ﬁ§| Factor V: i;ii :QBCTQJ
Factor e: 0 2__5__{'| Factor K: | : _23—1§ Factor Y: 7 jﬁg 745_:_3‘
Factor f: B E _ag_q Factor L: |771 4£} Factor Z: [77 7 L45—7!
Factor T: Li -771 396
Flange Moments
Gasket Seating: |_—E 1_@ in-1bf f_ —75T_QE_1' N-m
Hydrostatic Test: '_";' ' E in-1bf ; B 0-_0j N-m
Operating: ‘7@%@% in-Ibf :17_f¢fi3§ N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: | 12,8220k | 0lok |  8013|ok
Radial Flange Stress SR, psi: ~ 18710lok | olok | 104430k
Tangential Flange Stress ST, psi: L é@OK _____ _ - 0 ‘OK i “_5,@03'
Combination (SH+SR)/2,psi: | 14766 0K |  0j0oK |  9,228|0K
Combination (SH+ST)/2, psi: | 10754jok |  Olok | 67210k
Hub Shear Stress (Swivel Flgs): | 0ok ook | ook

Analyzed by Date Checked Date

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: ~ 12'-900# Carbon Steel Flange | Company |Shell
I |
| | :

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIIl. The equations used
are from Appendix 2 of Section VIl Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: ’Lntegrél Hub

Flange Body Data: Bolting Data:
Flange Bore Diameter [__1?@! in Bolt Circle Diameter F@ in
Flange Outside Diameter [ __2:@ in Bolt Size LT3_L5: in
Flange Thickness i___§1@i in Number of Bolts T;,,—Z_OJ
Raised Face Diameter ‘_—_15_ @‘ in Bolt Material: i_ SA1 9'3-T7J
Flange Material: i 7 ;— __S/_‘\EJE Thread Root Area H_TE;E in2

Total Actual Bolt Area: B@Eﬁil in2

Hub Data: Gasket Data:
Hub Length 7880 in Gasket Type: _ PikoteK
Hub Major Diameter ijiﬁiﬂ_gi in Seal O.D. Eﬁiéﬁ—Zi in
Minor Hub Diameter l_?@‘ in Gasket O.D. CTQ E@ in
Hub Material: L;_ _7351651 Gasket Material: 7 7:7—PIK_J§§0702‘
Hub thickness GO: |_ ____ @J in L—@! in
Hub thickness G1: ‘— :’2 25‘ in Calculated b dimension: ’—Pj.’a?j in

Performance Requirements: Code Requirements:
Temperature: @ F '__31_\ C Code: ‘LASME B31 .3__];
Working Pressure: [£.220"i psi ‘__I)‘ MPa  Preload Requirement: ASME - ]
Test Pressure: i @ psi [___(_)91 MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

psi MPa psi MPa psi MPa

Flange 23300 | 1606 | | 34,950 | 241.0 | | 21,600 | 1489
Hub ‘”‘23.300 1606 l | 34950 | 2410 | 21600  148.9 |
Hub Shear ‘ 13,9530 | 96.4__ 3 | 20.9701' 1446 | | j?,QSO | 894
Bolting | 25000 | 1724 | 37,500 | 2586 | | 25000 | 1724 |

Forces on Flange: Ibf kN Ibf kN
Separation Force H: | 306,663| | 1,364.0 HT=H-HD: | 5587|2472

Pressure End Load HD: ‘7 2571{175[ |717.?|75§‘ Gasket Ret. Force HP 0

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi MP(: Makeup Torque,
Operating Load Wml: | 306,663| 13640 | 13278] 915 og jeyf Nem
Gasket Seating Load Wm?2 | 102 988\ - 458 1 4, 459 In 30 7 OK
Required Bolt Load: 'L 306,663 '. 1,364, o' 13278] 9158 ok 303|411
Bolt Load at Hydro Test: | _0_‘ 11’ 00 ol 000K
Design Bolt Preload W: | 442,031 1966.2 | 19,139][ 132.0 oK | 437 588

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 3.330| . 846
Operating/Test Condition __?3 §751 | __8577 . [7_4_15;‘5 L_T@E\ 773_@ :g——sé
Geometry Factors
Bsubl: | 14250 FactorF: | 0413  FuctorU: | 3256
Factor d: 7_ ) 1_097316‘ Factor ho: 7777 ?gﬂ Factor V: | _T)jgog
Factor e: ‘, _-___Q.1975| Factor K: !77; 2__0_@ Factor ¥: __ 7??79935
Factor f: T_TOEO\ Factor L: \ 7; 1_&@ Factor Z: _;71@71\
Factor T: | 1:527!
Flange Moments
Gasket Seating: |__1747771778_0_ in-lbf | _16_6 311 1 N-m
Hydrostatic Test: ___7 ,,,,i in-1bf '7 ) 0 0 N-m
Operating: | 1,079,984 in-lbf - 122,038.1) Nemn
Flange and Hub Stresses in psi
Gasket Seatmg Hydro Test Operating
Longitudinal Hub Stress SH, psi: | 15130l0k | 0lox | 11,102/ok
Radial Flange Stress SR, psi: I-_—_‘i-ﬁiiﬁg OK ,:_E_‘OK [ | 12, 3;-?5_"01(
Tangential Flange Stress ST, psi: i; _9 089 | OK 1_77 ‘_7__6]01( ;_____6 669 | JOK
Combination (SH+SR)/2,psi: | 15967 OK | ook | - 11,716 joK
Combination (SH+ST)/2, psi: :_1_2""1 10jok | olok | 88860k
Hub Shear Stress (Swivel Flgs): | 00K | 0ok | 0lok

Analyzed by Date Checked Date

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: :12"—900# Stainless Steel Fiénge 7; Company }"Sheli -

S S — —_

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: @Tgral@ ]

Flange Body Data: Bolting Data:
Flange Bore Diameter __ ?@ in Bolt Circle Diameter ‘2—1_00121 in
Flange Outside Diameter _ é@. in Bolt Size L_,,Tﬁ in
Flange Thickness __ 371:37@ in Number of Bolts Li—LO!
Raised Face Diameter __mp in Bolt Material: __ 77 3@93-3_—7‘
Flange Material: ' 7 7777_5;;‘:15_32-_{336} Thread Root Area ‘17@' in2

Total Actual Bolt Area: ’72961 in2

Hub Data: Gasket Data:
Hub Length ‘{7 7 7 ;7:73780.| in Gasket Type: : 7777§k§|fei<J
Hub Major Diameter Liijiﬁpd in Seal O.D. L 13 %% in
Minor Hub Diameter 7:12750| in Gasket O.D. : 1 é_s_@ in
Hub Material: i- ____:A; @-F 31 éj Gasket Material: ;_773“@@5_*
Hub thickness GO | 0375n | 13.262)in
Hub thickness GI: :Z’TQ in Calculated b dimension: L j@' in

Performance Requirements: Code Requirements:
Temperature: L—Zi F Fii Cc Code: If\§ME 75.31-3@ _
Working Pressure: |:2.2_2j psi i, j 5; 1 MPa  Preload Requirement: _A_SE—_'
Test Pressure: D‘ psi taq MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

psi MPa psi MPa psi MPa

Flange 20000 | 137.8 | [ 30000 | 2068 | [ 20000 [ 1379 |
Hub | 20000 | 1379 | | 30,000 | 2068 || 20000 137.9wj
Hub Shear 12000 | 827 | [ 18000 1241 | | 12000 | 827 B
Bolting | 25000 | 1724 | | 37500 | 2586 | | 25000 [ 1724

Forces on Flange: Ibf kN Ibf kN
Separation Force H: i_é,o—a;‘ééﬁ] \7‘1 364.00 HT=H - HD: \— _55;5@ TW
Pressure End Load HD: | 251 076 | | 1.1 16._8“1 Gasket Ret. Force HP | 0| l‘ ﬂ

Sequence No.: 25
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Visual Flange - Flange Analysis Report

Total Bolt Loads: F orce, Ibf kN Stress, psi MPa Makeup Torque,
Operating Load Wml: L 306,663/ 1,364. 0 13278| 915 ok ft-1bf N-m
Gasket Seating Load Wm2 | 10279788 4581 44 4 459\ 307 0K
Required Bolt Load: 306663 1, 1,364.0 1 1, 2'78 |'"'91 1.5 OK [ 303][ a1
Bolt Load at Hydro Test: L B _9) 00 [ o0 jl - 000K
Design Bolt Preload W: | 442,031 1,96 966 2; 19 139' 179?_7.0} OK \ 43? J"ﬁ 588|

Moment Arms: hD hT hG
in mim in mm in mm
Gasket Seating Condition 3330 s 6'
Operating/Test Condition 3_ 9?5 B 85 7‘ 4. 184:' ‘__ 106. 37 B - _3_86§ 1983
Geometry Factors
Bsubl: | _1T42§§ Factor F: 5_7_707413‘ Factor U: :7 7i256‘
Factor d: 'f 1@319 Factor ho: Tﬂ 2_1_| FactorvV: 0. 009I
Factore: | @?75} Factor K: |_j£)66 Factor Y: I_i 2 963
Factor f+ | 7179370: Factor L: ‘_ £4_8_| Factor Z: ;iiﬁﬁ?
Factor T: LTLQTW
Flange Moments
Gasket Seating: | 1AT1.780 ) in-lhy | 166,311.1) N
Hydrostatic Test: [ i‘ in-1bf o 0 N-m
Operating: |'"ﬁ7'9 984 in-Ipf I 122 038.1 Nem
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: "_-_ 15, 130 OK l; __ EJJ*OK {__ 11 102 OK
Radial Flange Stress SR, psi: | 16,803)0Kk | 00k | 12,330 ok
Tangential Flange Stress ST, psi: L_ o 970897 ‘&OK |_ 7_@05’ g 6, 669 ‘OK
Combination (SH+SR)/2, psi: | 15,967 Q@OK . olok T‘l_ﬂﬁOK
Combination (SH+ST)/2, psi: | 12110lok | 0lok __8,886]01{
Hub Shear Stress (Swivel Flgs): | 0lok | olox | olok
Analyzed by Date Checked Date
Sequence No.: 25
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Visual Flange - Flange Analysis Report

Flange Name: ;’2—0_'_'-.9-(.)0# Carbon S'teei Campany ‘Shé“_____ |
| | [

| S & = —

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: Integral Hub |

Flange Body Data: Bolting Data:
Flange Bore Diameter [j%56| in Bolt Circle Diameter |__29?f)§ in
Flange Outside Diameter ‘;37377? in Bolt Size \__ E @ in
Flange Thickness | iﬁ ﬂ?d in Number of Bolts TE
Raised Face Diameter ﬁf:?C'LOQU in Bolt Material: :” 77 f\1—93_'77|
Flange Material: I ;__7 7SA71 03 Thread Root Area ‘@51 :‘ in2

Total Actual Bolf Area: | 63.042 in2

Hub Data: Gasket Data:
Hub Length | 9.750 in Gasket Type: . Pikotek
Hub Major Diameter | 24500 in Seal O.D. | 21.373)in
Minor Hub Diameter ~20.000] in Gasket O.D. | 27.375 in
Hub Material: . 7{3{{ 1E Gasket Material: |77I5|kc&e @@:I
Hub thickness GO: | 0375 in | 21.373]in
Hub thickness GI: . 2625in Calculated b dimension:  0319in

Performance Requirements: Code Requirements:
Temperature: f _—2@ F [_@ c Code: 1’1‘%5% I
Working Pressure: [zQZ—()J psi \___E MPa  Preload Requirement: r@__—__j
Test Pressure: ‘_—0‘ psi L— —00' MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

psi MPa psi MPa psi MPa

Flange 23300 | 1606 | [ 34950 | 2410 | | 21600 148.9 |
Hub 23300 | 1606 | 34950 | 2410 .| 21600 | 1489
Hub Shear 13980 | 964 | | 20970 | 1446 & | 12960 @ 894 |
Bolting | 25000 | 1724 | | 37,500 | 2586 | | 25000 @ 1724 |

Forces on Flange: Ibf kN _Ibf kN
Separation Force H: | 796,478 :‘"’3','574_2@ HT = H - HD: | 150,371 L 668.9
Pressure End Load HD: | 6*}5107J i 2,873.9 Gasket Ret. Force HP 0/ 0.0

Sequence No.: 24
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force Ibf kN Stress, psi  MPa Makeup Torque,
Operating Load Wml: | 796,478 3 __3_@512 7| 15 016 || 1' 03.5| oK fr-1bf N-m
Gasket Seating Load Wim2 160 587 | || 714, 3 | B 028 20 9 OK
Required Bolt Load: f 796 478 || 3 542. 7 F15 016' 103 5 OK - 1,112 1,508]
Bolt Load at Hydro Test: }_ g‘ 0. 0 0 | 000K S
Design Bolt Preload W: 1,061,264 ][ 4,720.5 5' 20 008 " 138.0 oK 1,482 1,994 |

Moment Arms: hD LT hG
in mm in mm in mm
Gasket Seating Condition |_ 3_565J i WJG
Operating/Test Condition | 3813 | 96.8/| 4504 | 1167 4063 | 1032
Geometry Factors
B sub I: 7 21 §?5,| Factor F: | _: 0 39_'3_,' Factor U: 7E?OJ
Factor d: ?336%\ Factor ho: | 2687 FactorV: | 0.008
Factor e: 0146 Factor K: | 1753 FactorY: | 3.630
Factor f: B 1 000 Factor L: i 134—0 FactorZ: 1t96__i:
Factor T: 7i@3\
Flange Moments
Gasket Seating: |7 3j§7 529 in-1bf ‘ 7742_7556"8 N-m
Hydrostatic Test: - OJ‘ in-1bf I 0 0 N-m
Operating: | ﬂ 54,125 in-Ibf | 356,416, ﬂ Nem
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: ‘_77715,:!'56 jOK I_j___ . _QﬁOK |77 1‘_5,6T0 OK
Radial Flange Stress SR, psi: 148490k | 00K | 12,366 0K
Tangential Flange Stress ST,psi: | 10377 0K |  0/0ok |  8642|0K
Combination (SH+SR)/2,psi: | 16803lok |  olok | 13,993 ok
Combination (SH+ST)/2, psi: | 14,567 0K . oloxk | 121310k
Hub Shear Stress (Swivel Flgs): | 0lok | 00k | 00K
Analyzed by Date Checked Date
Sequence No.: 24
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Visual Flange - Flange Analysis Report

Flange Name: i20"—900#_8tainress Steel ] Company iShell . ;

|

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: ‘Iritegrar‘ Hub .
Flange Body Data: Bolting Data:
Flange Bore Diameter __717?7 25761 in Bolt Circle Diameter 32_@ in
Flange Outside Diameter [__ 73@0 in Bolt Size EE@ in
Flange Thickness Iijéj”q in Number of Bolts :?@
Raised Face Diameter . 23.000 in Bolt Material: L SA7193-B;/’
Flange Material: —; EK @-E 3_175 Thread Root Area 'EE EZT in2
Total Actual Bolt Area: @(ﬁ in2
Hub Data: Gasket Data:
Hub Length _ _§_7_50‘ in Gasket Type: 777_?k£@
Hub Major Diameter r /_5_5(_)9, in Seal 0.D. L?—EE in
Minor Hub Diameter ;2? @ in Gasket O.D. 5'27_3_7_5| in
Hub Material: Ci SAJ 52_-% Gasket Material: | _ PikOt_ék 300+
Hub thickness G0: |j37_57 in IZ@B in
Hub thickness GI: 7_26_2_5‘ in Calculated b dimension: ‘770731_9 in
Performance Requirements: Code Requirements:
Temperature: ‘—256 ‘ e [EJ C Code: f\S—NF_B?ﬁ E] i

Working Pressure: ,‘__2,22@ psi 15 MPa  Preload Requirement: b_‘\SME
Test Pressure: 0l psi | 0.0 MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa _ psi MPa psi  MPa
Flange | 20000 | 137.9 | [ 30000 | 2068 | | 20,000 | 137.9 |
Hub 120000 | 1379 | | 30,000 | 2068 | | 20,000 1379
—_— ] 35 —F }. — : . —s — e
Hub Shear | 12000 | 827 | | 18000 | 1241 | 12000 | 827 |
Bolting | 25000 1724 | 37,500 = 2586 | | 25000 | 1724 |
Forces on Flange: Ibf kN Ibf kN
Separation Force H: | 796,478 | 3,542.7 HT=H - HD: | 150371] | 6689
Pressure End Load HD: | 646,107 || 28739 Gasket Ret. ForceHP | 0| 00
Sequence No.: 24
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force Ibf kN Stress, psi MPa Makeup Torque,
Operating Load Wml: [ 796478 3 54’2’? | 7175 016 M1E§- OK fe-1bf N-m
Gasket Seating Load Wm2 | 7 1670 587 _714 3| L 3,028 | J - 20.9 20.9 OK
Required Bolt Load: _Efj 478|| 35427 | Eﬁ?é ' 7103 5 OK . 1.112][ 1,508
Bolt Load at Hydro Test: ;__i‘ ‘_” 00 o0 f' 0. 0 OK -
Design Bolt Preload W: | 1,061,264 4,720.8 20,008| 138.0 OK 1482/ 1,994]

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 77 3__Sj 57;790@!
Operating/Test Condition | 3813|968 | 4504 [ 1167 4063 1032
Geometry Factors
Bsub 1: Tf,zj 87—5@ Factor F: j N Oiggfi Factor U: __73@3
Factord: | 233 6951 Factor ho: 7 B ;2}5%_71 Factor V: ________076@]
Factor e: 7 0__1 ‘_1(:3 Factor K: |7 :’[1@51 Factor Y: ____-_ i 659:
Factor f: ,;7 1.000 Factor L: | 771346 Factor Z: '___ 1_??{
Factor T: Eijﬁba
Flange Moments
Gasket Seating: | 3.787,529| in-lpf | 427.990.8 N
Hydrostatic Test: . 0linuy [ __T;OJ' N-m
Operating: | 3,154,125 in-lbf | 3564161 Nom
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Ogerating
Longitudinal Hub Stress SH, psi: | 18756/0K | Olok | 15620 oK
Radial Flange Stress SR, psi: 'i __‘Ii,_8_45_3_J0K j— a QOK ‘ 7- 12 366701(
Tangential Flange Stress ST, psi: [ __HE)"C’;'ITTJ1 OK I;, ____EOK . 8,6_4—_2_|0K
Combination (SH+SR)/2, psi | 16, 803 0K . olok | 139930k
Combination (SH+ST)/2, psi: | 14 5@01( 00Kk | 121310k
Hub Shear Stress (Swivel Flgs): | Olok [ Olok | ook

Analyzed by Date Checked Date

Sequence No.: 24
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Visual Flange - Flange Analysis Report

Flange Name: |5-1/8" 10K

L S S

Methods and Assumptions:

| Company Petrofac
' I

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIl Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: ~ Integralbub |
Flange Body Data: Bolting Data:
Flange Bore Diameter | 72@;5] mm Bolt Circle Diameter @ﬁjﬁ mm
Flange Outside Diameter 75577;;24] mm Bolt Size E?Eg‘ mm
Flange Thickness igg§5a mm Number of Bolts I_ij‘
Raised Face Diameter ' 72772@26 mm Bolt Material: | /—___T3§7—|
Flange Material: - _E@QE?@ Thread Root Area :@éj mm
Total Actual Bolt Area: ,@ﬁf)l mm
Hub Data: Gasket Data:
Hub Length _51_02é\ mm Gasket Type: o 7?;1:"@9_-5
Hub Major Diameter __2__23l ?_7% mm Seal 0.D. ‘EQ_ZU‘ mm
Minor Hub Diameter 'L 132_‘27&} mm Gasket O.D. 5679_3__2_:” mm
Hub Material: 77 :569:1—1:65 Gasket Material: 7— Fjl@?i}@\
Hub thickness GO: |! j{TEE@ mm IU_@?@ mm
Hub thickness GI: ii_ig_33§§\ mm Calculated b dimension: Fﬂ?ﬂ'} mm
Performance Requirements: Code Requirements:
Temperature: | _ gﬁ | F Ifj:o,'; C Code: &Sp—?g@j
Working Pressure: ‘ _?_512_ psi 776,6. MPa  Preload Requirement: iﬁl o __ﬁ
Test Pressure: i i?hT psi |7 787& MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa psi MPa psi MPa
Flange | 43300 | 2985 | [ 53950 | 3720 | 43300 | 2985 |
Hub 43300 | 2085 | | 3950 | 3720 | 43300 | 2985
Hub Shear 25980 1791 | 32370 | 2232 | 25980 1791 |
Bolting | 99000 | 6826 | [ 164340 [ 11331 | | 99,000 | 6826 |
Forces on Flange: Ibf kN Ibf kN
Separation Force H: 727_2635_3_& [ TO@I HT=H - HD: L 44_321‘ ' i 71@+
Pressure End Load HD: | 182,359 || 8111 Gasket Ret. Force HP | 0] 00
Sequence No.: 28
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kKN Stress, psi  MPa Makeup Torque,
Operating Load Wml: | 226,682 ‘71 008.3 | 25959 179.0 oK fr-1bf N-m
Gasket Seating Load Wm2| 57,851  257. 3 | 6625 457 0K
Required Bolt Load: 226.682_J .___1_ 008.3 | 25959 179.0 OK [ 312 423
Bolt Load at Hydro Test: [ 569 271 | 717197 7 | | 30 8361( 21-273_ OK
Design Bolt Preload W: | 864,508 3,845 gl | 99,000 6826 0K 1,191 1,603

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 2007 510
Operating/Test Condition | 2471 628 | 3301 [ 838 | 3160 803
Geometry Factors
Bsubl: |  6.867 Factor F: | 0744 Factor U: | 2-15§i
Factor d: 35@ Factor ho: Lj 12.362 Factor V: iio_]_ag
Factore: 0.3_1_5: Factor K: r__ ~ 2.855 Factor Y: : ;ﬁ 1 _QEﬂ
Factor f: ir B 1666 FactorL: | 2.083 Factor Z: 7:;717 28—0J
Factor T: | 3?741
Flange Moments
Gasket Seating: | 1.735,191] in-lbf _ 196,076.6) Nom
Hydrostatic Test: 7 7@_1_2_5‘_ in-1bf 8_01_30_% N-m
Operating: | 596,966 in-Ibf _-___:__-5—2_37_4_5_7 2 Nem
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: | 32,148lok | 13,1380k | 11,060 ok
Radial Flange Stress SR, psi: W High L_‘l 9,666 OK @OK
Tangential Flange Stress ST, psi: | 29,7750k | 12,168/0k 10,244 oK
Combination (SH+SR)/2, psi: jf 40,135 |0K | 164020k | 13,808 BJOK
Combination (SH+ST)/2, psi: | 30,9610k | 12653 0k | 10652/0K
Hub Shear Stress (Swivel Figs): | 00K | 0|0k j

Analyzed by Date Checked Date

Sequence No.: 28
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Visual Flange - Flange Analysis Report

Flange Name: 9" 10K - | Company |Petrofac |

| ]

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: \]nrtegra‘l Hub o 777
Flange Body Data: Bolting Data:
Flange Bore Diameter B 2031033. mm Bolt Circle Diameter ﬂ@ mm
Flange Outside Diameter | 7535450 mm  Bolt Size 2170‘ mm
Flange Thickness il 7171727752,1 mm  Number of Bolts \__ﬁ
Raised Face Diameter 773@‘ mm Bolt Material: :7 ”_ _ Eﬁ_?:j
Flange Material: ?‘___-_______ _7:/-@@765‘ Thread Root Area %Si mm
Total Actual Bolt Area: L§95—1§61| mm
Hub Data: Gasket Data:
Hub Length ;- _ §3_7_§5‘ mm Gasket Type: [ _ _________P_i@eﬂ
Hub Major Diameter ‘ _ _3?:1T5_0_: mm Seal O.D. @6@ el
Minor Hub Diameter i 527_7—5_2 mm Gasket O.D. i 4_3363% mm
Hub Material: ! B jﬁ4F—65 Gasket Material: ; __F_’IKOt_e@Q‘F
Hub thickness G0: ;7672_657| mm @1@ mm
Hub thickness GI: ~ 85.776 mm Calculated b dimension: | 13.699 mm
Performance Requirements: Code Requirements:
Temperature: '_ _2§6| F [ﬂ C Code: !AF'J?SPEC- 6A .
Working Pressure: \_9_5?_2_j psi jﬁiﬂ MPa  Preload Requirement: iiA‘PI.u, B
Test Pressure: r1_1_2‘5 W‘ psi ﬁg MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa ~psi MPa psi MPa
Flange 43300 2985 | [ 53950 | 3720 | 43300 | 2985 |
Hub 43,300 | 29'8_._5_) - 53,950 _‘ 3720 | | 43,300 | 2985
Hub Shear | 25980 | 1791 | | 32370 | 2232 | 25980 | 1791
Bolting | 99000 6826 | | 164340 | 11331 | 99,000 6626 |
Forces on Flange: by kN _If kN
Separation Force H: 673,669 | 2,996.5__{ HT=H - HD: Ll%?&i . _555@
Pressure End Load HD: = 480,683 | 2,138.1 Gasket Ret. Force HP | 0 0.0

Sequence No.: 29
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Visual Flange - Flange Analysis Report

Visual Flange v1.01 - On-Line Resources, Houston, TX - 2/17/2010 9:28:2

Total Bolt Loads: Force, Ibf kN Stress, psi MPa Makeup Torque,
Operating Load Wml: | 673669 29965 | 29963 | 2066 OK plby N
Gasket Seating Load Wm2 | 120,290 5351/ [ 5350| 36.9 oK
Required Bolt Load: i 673,669 || 2. 996.5 | 29,963 | 20"6_6' OK [ s01][ 1,222]
Bolt Load at Hydro Test: | 791050 r3 518.6/ | 35,184/ 2426 oK
Design Bolt Preload W: 2 225, 837 | 9797905 | 7§9_0@)— _@ OK 2,978 “ 4_,__(3_}09_|

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition [: B 727354! !? E
Operating/Test Condition | 3689 | 937 5010 | 1272 4642 | 1179
Geometry Factors
Bsub I: - 1_5_:{533 Factor F: giq E@ Factor U: l_' 52@
Factord: | 19_5 OE@ Factor ho: _j‘ig Factor V: 70_306\
Factore: _ETE_WI Factor K: [77 j: @9 Factor ¥: _TO_S%
Factor f: 1909 Factor L: ﬁjj}f)j Factor Z: __ﬁ‘l_g
Factor T: j7 71@
Flange Moments
Gasket Seating: | 6353271 in-lbf | 7179196 N-m
Hydrostatic Test: _2111_4_{' in-Ibf 573&3755? 7\ N-m
Operating: \ 2,739,764 | | in-lbf _329@ N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: L . ZGWOK _?_3?01( i_TB_BL!OK
Radial Flange Stress SR, psi: B _mfhgh L_ é% OK WOK
Tangential Flange Stress ST, psi: | %QH, '777172 1}3@ OK | 10,380 Ok
Combination (SH+SR)/2, psi: | 365140k = 18490 0K | j§ ,746 |OK
Combination (SH+ST)/2, psi: '77’25 238 OK | 12,780 0K 10,883 |0k
Hub Shear Stress (Swivel Flgs): &OK L, - 7jj01( 0ok
Analyzed by Date Checked Date
Sequence No.: 29
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Visual Flange - Flange Analysis Report

| Company |Petrofac

|
| S -

Flange Name: 5-1/8" 10K

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions,

Flange Type: |Inteq|:il Hub -_ ]
Flange Body Data: Bolting Data:
Flange Bore Diameter .__1_55 0§§ mm Bolt Circle Diameter Eéi?ﬁ mm
Flange Outside Diameter __357?4; mm  Bolt Size |727357—5I mm
Flange Thickness |___7_9; 53775 mm  Number of Bolts jjj_i_
Raised Face Diameter Dﬂ ?2§ mm  Bolt Material: :: B _ B}')‘E
Flange Material: ! Abﬁ6@¢4 1"356 Thread Root Area f_’r@ mm
Total Actual Bolt Area: [6:5@ mm
Hub Data: Gasket Data:
Hub Length B §E26‘ mm Gasket Type: ____ _ﬂ@
Hub Major Diameter 7 ;gi3774l mm Seal O.D. {173551:7'1‘ mm
Minor Hub Diameter Q §2626‘ mm Gasket O.D. \E@Eﬂ mm
Hub Material: '_ ] gP@@Gﬁ 1 CﬁO‘ Gasket Material: | ___Plk_(ai@fl%
Hub thickness G0: 787765:5] mm l %@E mm
Hub thickness GI: FTE{SS_QS‘ mm Calculated b dimension: @7@ mm
Performance Requirements: Code Requirements:
Temperature: _l@_ F .7779'-5 C Code: API 356357\____'
Working Pressure: | f@, psi 76& MPa  Preload Requirement: ‘API B |
Test Pressure: ES,OW' psi i@ MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa psi MPa ~ psi MPa
Flange | 40000 | 2758 | [ 49800 | 3434 | [ 40000 | 2758 |
Hub \ 40,000 1.7727‘5.8 | 49,800 | 3434 | | 40,000 = 2758
Hub Shear | 24000 | 1655 | | 286D | 2060 | | 24000 | 1665 |
Bolting (78000 | 574 | [ 124500 | 8584 | | 75000 | 7.1
Forces on Flange: Ibf kN W kN
Separation Force H: 236,806 | 1,0537.?{i HT=H - HD: I 46,303 | | 206.0;
Pressure End Load HD: | 190,503 | 847.4) Gasket Ret. Force HP 0/ 00

Sequence No.: 28
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi  MPa Makeup Torque,
Operating Load Wml: | 236806] 10533 | 27,118| 187.0 0  fHibf  Nem
Gasket Seating Load Wm?2 li:if_iigL L?'I'E‘ L—S._625ﬁ\ @ OK
Required Bolt Load: | 236806| 10533/ | 27,118][ 1870 ok | 326][ 442
Bolt Load at Hydro Test: | 355209 | 15800 | 40677 | 2805 OK
Design Bolt Preload W: | 654930| 29131 75000] 6171 ok | 902]| 1214

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 2007 | 510
Operating/Test Condition 24N 62_& _ ?5@ }7 ) _83_8' i;i3715—6: E@!
Geometry Factors
Bsub I: _T 7 ~ 6.867, Factor F: Lj?ji‘i Factor U: :7__255!
Factor d: B gi@ Factor ho: ‘____IZ_TG% Factor V: '\ﬁi 7T8_2i
Factor e: l__ @;?ﬂgl Factor K: | lgﬁ Factor Y: 1719—6_1|
Factor f: A 'LOC@ Factor L: —_2&_479| Factor Z: fiiﬁl‘
Factor T: L—1 24_?
Flange Moments
Gasket Seating: \ W1_4 §§9ﬁ in-Ibf E ES 545_3 N-m
Hydrostatic Test: !935j4_0—| in-Ibf : 0@7\ N-m
Operating: L6_2_3_6_2_7_ ‘ in-Ibf 7 ?ﬁﬁ%& N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: | 20713|0K 14,740 0K | 9,827 0K
Radial Flange Stress SR, psi: ' J 725_ 7?33_01( r 7 TWOK \771@01(
Tangential Flange Stress ST, psi: [_720 ,Vﬁé_Tj—:OK L; _71476:!'_8_01( LTS? . OK
Combination (SH+SR)/2, psi: | 23,238/0k | 165370k | 11,024]0K
Combination (SH+ST)/2, psi: 20670 0k | 147090k | 9,806 0K
Hub Shear Stress (Swivel Figs): | Olok | 0olok | o0lok

Analyzed by Date Checked Date

Sequence No.: 28
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Visual Flange - Flange Analysis Report

Flange Name: ‘9" 10K

Methods and Assumptions:

] Company *'ﬁgtrofac

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Bolting Data:

Bolt Circle Diameter @TSE —_—

Bolt Size ‘{7378 ﬁ mm
Number of Bolts 7:7 16_
Bolt Material: ___ | _7é637—
Thread Root Area @SBJ mm
Total Actual Bolt Area: L@S@' mm
Gasket Data:
Gasket Type: - 77?@@?
Seal O.D. 240.436 mm
Gasket O.D. @%Oﬂ mm
Gasket Material: ~ Pikotek 300+
1240.436 mm
Calculated b dimension: LEGQ?! mm
Code Requirements:
Code: 1Aﬁispe:eﬁA _J

Preload Requirement: API

Flange Type: Integral Hub
Flange Body Data:
Flange Bore Diameter I,_ @i mm
Flange Outside Diameter ;_ ﬁ_@ mm
Flange Thickness i 1?9_52] mm
Raised Face Diameter | __%?S_Zﬁ mm
Flange Material: B API @m&i
Hub Data:
Hub Length | 93.726 mm
Hub Major Diameter B 321_65_9]} mm
Minor Hub Diameter L__5§T5% mm
Hub Material: AP |60ﬁGj—13?d
Hub thickness G0: | 7752. 027 mm
Hub thickness G1: 7E77_77@ mm
Performance Requirements:
Temperature: | 200] F igﬂ C
Working Pressure: @_@0 psi ?@ MPa
Test Pressure: @ psi @ MPa
Maximum Stresses: Gasket Seating
_ psi_ MPa
Flange | 40.000 | 2758 |
Hub 40,000 | 2758
Hub Shear 24000 1655 | |
Bolting 75,000 817 !
Forces on Flange: ﬁ,i,% . ,,____’ff_\f_
Separation Force H: 703,755 | 3,1303
Pressure End Load HD: | 502,150 | | H2,27337.6_‘

Sequence No.: 29
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Hydro Test Operating Cond'’s
psi MPa psi MPa
| 49,800 | 3434 | | 40000 | 2758 |
49,800 | 3434 | 40,000 | 2758 |
| 29,880 | 2060 | | 24000 1655 |
124500 8584 | | 75000 | 517.1 |
Ibf kN
HT=H - HD: | 201605 8967
Gasket Ret. Force HP | o | 00
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi  MPa Makeup Torque,
Operating Load Wml: 2_7037_5—5 1\ \L_fﬂﬁ |WO‘T ' 215.8 0K f-Ibf N-m
Gasket Seating Load Wm2 ’__‘IZ% B _:53?.7 1|[ 5350] 73‘6_9 OK
Required Bolt Load: | 703755) 3,130.3 { 31,301 215.8 oK 942l 1.277]
Bolt Load at Hydro Test: | 1,055632 | 4,6955/ | 46,952 || ' 323.7 0K
Design Bolt Preload W: r1 686,240 | 7,500.4 75,000 | 517 1 OK 2,256 3,037]

Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition | 2 354‘ ‘ 725
Operating/Test Condition 5?6785 | ﬁi Z| L 775 010‘ - 127.2| \ 4 642 | ?Q
Geometry Factors
Bsubl: 1 EE Factor F: —_@ Factor U: | 226_5
Factor d: Iri jégjlﬁg Factor ho: 47‘_”5: Factor V: L_i_TO_GJ
Factor e: o fl 18l Factor K: !777 %@ Factor Y: L,;i@
Factor f: ‘FW 1 7@3 Factor L: *7@%‘ Factor Z: L,,iggl
Factor T: Li j??:?;
Flange Moments
Gasket Seating: l 4, 813 084 - in-lbf ' 543, 878, 5 N-m
Hydrostatic Test: 4 1,293,184 | jp- Ibf ‘_zﬁ@ N-m
Operating: i 5562’ 123] in-lbf | 323,419.9 N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: L_ 17,7270k 158120k | 10,5410k
Radial Flange Stress SR, psi: | 26,115/0K | 23,8300k | 15,886 0K
Tangential Flange Stress ST, psi: \ 16,971 0K |'7:7§'138 OK | 10,092 0K
Combination (SH+SR)/2,psi: | 22221 0K | 19,821 0K 13,214 0K
Combination (SH+ST)/2, psi: | 17 349701( _ 15475l0k | 10,317 3?01(
Hub Shear Stress (Swivel Flgs): | 0lok | QOK 0ok

Analyzed by Date Checked Date

Sequence No.: 29
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Visual Flange - Flange Analysis Report

Flange Name: 9" 10K o Company Petrofac

Methods and Assumpnans

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: ‘Integral Hub

Flange Body Data: Bolting Data:
Flange Bore Diameter 7 : 2(13799? mm  Bolt Circle Diameter 4}7762 50 mm
Flange Outside Diameter 7 552.450 mm Bolt Size 38 100 mm
Flange Thickness B J 1. 252 mm  Number of Bolts 7¥J
Raised Face Diameter rL 358 6215; mm Bolt Material: | 77E§7
Flange Material: ~ ABY4FeE F65 Thread Root Area 90675£ 7| mm

Total Actual Bolt Area: éﬁg 5671] mm

Hub Data: Gasket Data:
Hub Length rm__é_jé._'f'ié! mm Gasket Type: I5iko_treiTg
Hub Major Diameter ““5% mm Seal O.D. 240.436| mm
Minor Hub Diameter 32715 152\ nim Gasket O.D. '436 702 mm
Hub Material: '7__ 76@ Gasket Material: i 7 B P|k0t€‘_k_ 300*‘
Hub thickness G0: | 76@! mm 5240_£6_| mm
Hub thickness G1: L___§é 7_35 mm Calculated b dimension: !Tﬁ‘?ﬁ: mm

Performance Requirements: Code Requirements:
Temperature: | | 2097 F 7 9§ ‘ ¢ Code: AP' SDGCEA ]
Working Pressure: 9 5_?_'_2I psi N Vg MPa  Preload Requirement: APl |
Test Pressure: Eﬂ” psi | 7L5 MPa

Maximum Stresses: Gasket Seating Hydro Test Operating Cond's

psi  MPa - psi MPa  psi MPa

Flange 43300 | 2085 | | 563950 | 3720 | | 43300 | 2985
Hub 43,300 | 2985 I | _52950 . _372.0 } ‘_7‘_43,300 | 298.5 ‘
Hub Shear | 25, 980 | 179.1 l 32,370 | 2232 i 25,9810_7 179.1
Bolting | 86,300 5950 | | 143258 | 987. 7 | | 86300 | 5950 |

Forces on Flange: _fﬁf_ B kN _Wf kN
Separation Force H: i 673,669 | f 12,9965 HT=H-HD: | 192,086 8584
Pressure End Load HD: | j§0,6837 | 21 38.11 Gasket Ret. Force HP | 0| ‘ o 0_0]

Sequence No.: 29
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Visual Flange - Flange Analysis Report

Total Bolt Loads: Force, Ibf kN Stress, psi MPa Makeup Torque,
Operating Load Wml: 673,669 2996.5 39 7963 2066 OK fr-1bf N-m
Gasket Seating Load Wm2 | 12W90_ 5351 5350 369 0K
Required Bolt Load: @ 673869 | 2,996 E‘ ; 29,963 "'édﬁ OK 901 1,222]
Bolt Load at Hydro Test: 2?10_59 3775”1?6’] 35, 184 2426 OK -
Design Bolt Preload W: | 1,940,300 | 8,630.5 | 86,300 59%'.6'5 OK 2596 3495

Moment Arms: hD LT hG
in mm in mm in mm
Gasket Seating Condition 72 ??‘ﬁ ‘ a 72 5
Operating/Test Condition 3689 | 937 ___§_O10 127.2) 4. 6{172 = 117.?_
Geometry Factors
Bsub I: o j‘! 373 Factor F: | i 078276 Factor U: 2.262|
Factor d: 7 1 95.00?1 Factor ho: iﬁiz‘ij 9 Factor V: 0306
Factor e: 0187’, Factor K: | 7i2iz?9' Factor Y: N __2—(f5a
Factor f: ) 1i0-0(-3f FactorL: | 1855 Factor Z: _: __1;3_13|
Factor T: = 1277 o
Flange Moments
Gasket Seating: | 5538255 in-lbf | 625,822.9 Nom
Hydrostatic Test: 737_2_1?!'35_7 in-Ibf _ _3_63_5_3zz N-m
Operating: 7 57737977947. in-Ibf | 309,593.4 N-m
Flange and Hub Stresses in psi
Gasket Seatmg Hydro Test Operating
Longitudinal Hub Stress SH, psi: _f 23 01 7 OK g ) 7%1731 531'1* OK ' ;W@OK
Radial Flange Stress SR, psi: 40642 0K | 23609 OK |  20,105|0K
Tangential Flange Stress ST, psi: | - 2—0 983 oK '__ R 15 1 89“|OK Lj__ﬁd VIOK
Combination (SH+SR)/2, psi: *_"___ 31,8290k | 18,490/0Kk | 15746 0K
Combination (SH+ST)/2, psi: | 22, 0'06_ oK | 12780 0k | 10883|0K
Hub Shear Stress (Swivel Flgs): - 0 0K .F - o 0 OK _7;;_7; 0_!01(
Analyzed by Date Checked Date
Sequence No.: 29
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Visual Flange - Flange Analysis Report

Flange Name: (36" 1500# | Company iArar}ico
| |
| |

Methods and Assumptions:

This analysis system is based on the methods of the ASME Code, Section VIII. The equations used
are from Appendix 2 of Section VIII Division 1 (also Appendix 3 of Section VIII Division 2). Gasket
loads are calculated based on the actual gasket diameter for swivel flanges, instead of the lap joint
pitch diameter. However, flange ring moments and stresses are based on the actual ring dimensions.

Flange Type: _?"Integral Hub - |
Flange Body Data: Bolting Data:
Flange Bore Diameter —i_590| in Bolt Circle Diameter 775676570‘ in
Flange Outside Diameter —Ei iﬁ in Bolt Size SE in
Flange Thickness _jﬂ{ in Number of Bolts _ :iiil
Raised Face Diameter :_—:1_3 E{ETO! in Bolt Material: :7 —SZ\1§3TE
Flange Material: | 7 ﬂ 6_})K/—G4 1352 Thread Root Area \T _0_71_397 in2
Total Actual Bolt Area: I@_‘l?ﬁ‘ in2
Hub Data: Gasket Data:
Hub Length W@@ in Gasket Type: ______ ] ﬂqte—h
Hub Major Diameter _ 7é1778171‘ in Seal O.D. EE 634| in
Minor Hub Diameter }@| in Gasket O.D. m@"_—ﬂ in
Hub Material: __f P@@MB@ Gasket Material: I_ __ Pﬁiméoa:
Hub thickness GO: . 1.25n | 38.084| in
Hub thickness G1: ‘k_747 1@ in Calculated b dimension: i 7075ﬁ82\ in
Performance Requirements: Code Requirements:
Temperature: JU | IF Qﬁi C Code: ASME Vil _]l
Working Pressure: Lf%i psi iji MPa  Preload Requirement: |ME—:
Test Pressure: [755575 psi i §8_‘j MPa
Maximum Stresses: Gasket Seating Hydro Test Operating Cond's
psi MPa psi MPa psi MPa
Flange | 24285 | 1674 | 54000 | 3723 | [ 24285 | 1674 |
Hub 24285 | 1674 | | 54000 3723 | | 24285 1674
Hub Shear 14571 | 1005 | | 32400 | 2234 | 14571 | 1005 |
Bolting | 25000 | 1724 | 37,500 | 2586 | | 25000 | 1724 |
Forces on Flange: Ibf kN f kN
Separation Force H: 4,220,548 [18,773.0 HT=H - HD: 954,913] | 42475
Pressure End Load HD: {3_2?5{533| m7525€| Gasket Ret. ForceHP | 0 ‘ r 0.0

Sequence No.: 37
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Visual Flange - Flange Analysis Report

Total Bolt Loads:
Operating Load Wml:

Force, Ibf
‘4 220,548 | \18 7739

kN Stress, psi
20,876 |

Gasket Seating Load Wm2 | 522,066 23222 | 25582|| 17.8 oK

MPa
14ﬁ 9 0K

Makeup Torque,
fi-1bf N-m

Required Bolt Load: 14,220,548 (18,7730 | 2(_) 876 | 143.9 oK | 10,702][ 14,511]
Bolt Load at Hydro Test: | 6,350,757 | 28248.2 | 31412] 2166 OK
Design Bolt Preload W: | 4,637,474 éb 57_5 | 22,938 1582 oK | 11,759 15,827
Moment Arms: hD hT hG
in mm in mm in mm
Gasket Seating Condition 4 147_J l 105.3|
Operating/Test Condition | 6487 | 1648/ 7419 | 1884 | 6273 1593
Geometry Factors
B sub I: | _gfﬁgﬁl Factor F: __:77._67? Factor U: | _4@
Factord: | 592659  Factorho: | 6471  Factorv: | 0070
Factor e: ___. - 071705] Factor K: _:£2§ Factor Y: |7 :?2_‘
Factor f: [_ 1_066l Factor L: . Z_EI Factor Z: 77 _ m
Factor T: ___Tﬁi‘l_‘i
Elange Moments
Gasket Seating: 119,230, {}67 in-Ibf {_2_173_0_4_2_81 N-m
Hydrostatic Test: . ?_1?.?377;;3357 in-1bf 4,806,725 § N-m
Operating: £8§é§g§ in-Ibf 3_ 1_ 9@ 8 N-m
Flange and Hub Stresses in psi
Gasket Seating Hydro Test Operating
Longitudinal Hub Stress SH, psi: - __-_1_4__569 oK _32‘,72_2§ JOK [ 21 416 OK
Radial Flange Stress SR, psi: ‘; _9—2_1_7_‘01( [ B ;?WWOK i?ﬁMQOK
Tangential Flange Stress ST, psi: | 14,316|0K | 316670k | Fﬁ&sﬁox
Combination (SH+SR)/2, psi: | 11,893|0K 1 26,3070k | 17,483 0K
Combination (SH+ST)/2, psi: fijz {_fl}_ ok | 31 946 0K | 21,231 0K
Hub Shear Stress (Swivel Flgs): 0ok | 0ok | 0ok
Analyzed by Date Checked Date
Sequence No.: 37
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