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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither 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.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given
situation. Users of this technical report should consult with the appropriate authorities having jurisdiction.

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

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

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

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

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any means, electronic,
mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the Publisher, API
Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2008 American Petroleum Institute
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Foreword

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

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, D.C. 20005, standards@api.org.
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Technical Report on Capabilities of API Flanges Under Combinations of Load

1 Scope

This technical report presents the results of analysis work done in PRAC 86-21 to establish the load capacity of all
flanges given in the April 1986 Editions of API 6A and API 6AB. A total of 69 different geometries were analyzed
initially. The various loads considered were:

— bolt makeup (preload),
— internal pressure,

— tension, and

— bending moment.

All 69 flanges were analyzed with an axisymmetric finite element model for each of the four load cases. A post-
processor program was written to calculate the maximum moment capacity for various levels of pressure and tension,
based on linear superposition of results. Three different criteria were used to establish the maximum moment, as
follows.

a) ASME Section VI, Division 2 allowable stress categories for the flange with the basic membrane stress allowable
established by API.

b) Allowable bolt stresses as established by API.

c) Loss of preload on the ring joint. The results of this post-processing are presented in plots of pressure vs. allowable
moment for various tension levels in Section 4.

There are several limitations to this work which should be understood. First, the effects of transverse shear or torsion
were not considered in the analysis. Second, the results are for static loading only. No dynamic, fatigue, or fretting
phenomena were considered in these results. Third, no thermal stresses or elevated temperature effects were
considered for this technical report. Finally, these charts are not intended to replace a critical evaluation of any
particular connection in an application where the charts show the flange to be marginal. The charts are intended to be
used only as general guidelines for design.

Subsequent to the completion of this work, the 5 1/8 in. 15,000 psi flange was added to API 6A.This new flange was
analyzed with the ABAQUS general-purpose finite-element system, using a half-symmetry three-dimensional model
in order to find the same data as shown for the other flanges in this technical report.

Details of the analysis of the 5 1/8 in. 15,000 psi flange can be found in the report, “Finite Element Analysis of 5 1/g in. ksi

API 6BX Flange”, which was prepared for API by Stress Engineering Services. The report, SES Report Number
PN114809, is dated February 2006.

2 References
This technical report references the following documents.

“Capabilities of APl Flanges Under Combination of Loading PRAC 86-21,” by K.C. Walker and Joe R. Fowler, Stress
Engineering Services, Inc., report prepared for API, October 1987

API Specification 6A, Specification for Wellhead and Christmas Tree Equipment, Fifteenth Edition, April 1, 1986
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2 API TECHNICAL REPORT 6AF

As a convenience for reference, Table 1 of this technical report presents requirements for body, bonnet, and flange
physical properties and material types from API 6A, Fifteenth Edition.

3 Instructions for Using Rating Charts
3.1 Description of Rating Charts

The plotted results for the combined load capacity of each flange analyzed in this project are given in Section 4. The
results are arranged in the same order as found in APl 6A. The Type 6B flanges are first, followed by Type 6BX
flanges. For each flange style the results are given in order of increasing diameter within each working pressure rating
(thus, the 21 /4 in. 2,000 psi Type 6B flange is before the 2 1/16 in. 3,000 psi Type 6B flange; and the 11 in. 5,000 psi
Type 6B flange is before the 26 3/4 in. 2,000 psi Type 6BX flange). Combined load ratings were determined for each
flange with two different bolt makeup stresses. The first rating was determined for bolts made up to 52.5 ksi, and the
second was done for a makeup stress of 40 ksi. The two plots are given on the same page to help evaluate the effect
of a reduced preload on a flange’s bending capacity.

The combined load rating for all flanges was plotted even if the stress criteria were exceeded for makeup and/or
hydrostatic test pressure load cases. There were only four flanges that did not meet these criteria (see Table 2).
These flanges all failed to meet the criterion for an extreme fiber (membrane plus bending) stress at a section in the
hub immediately behind the back of the flange for a bolt makeup of 52.5 ksi. Until these overstressed flanges are
modified, it is recommended that the user consider derating the flanges to an appropriate level.

3.2 Use of Rating Charts

An explanation of the proper use of the plotted results in Section 4 is given below. Also, a procedure to use in
evaluating a flange for a particular combination of loads is outlined to aid those who will be using these results.
Figure 1 is reproduced for the 3 /16 in. 10,000 psi Type 6BX flange for reference in the discussion below.

The plotted results given in Section 4 show limiting load combinations of makeup, pressure, tension, and moment.
The results are based on the stress criterion or leak criterion that controls at each load combination. As a result, some
curves have a “knee” in them when the controlling criterion changes from a stress limitation to a leak limitation. This
can be seen in Figure 1.

3.2.1 Use of Curves for Flange Evaluation

The steps outlined below are provided to simplify the use of the curves to evaluate a particular flange.

Establish magnitude of each load condition:

a) bolt makeup stress (52.5 ksi or 40 ksi),

b) pressure (psi),

¢) tension (Ib), and

d) moment (ft-Ib).

NOTE Remember, the pressure load condition includes the tension due to the pressure end load, so if no other tensile loads are
present, the tension = 0 Ib curve should be used.
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TECHNICAL REPORT ON CAPABILITIES OF APl FLANGES UNDER COMBINATIONS OF LOAD 3

3.21.1 Determine Flange Load Capacity

a) pick the appropriate rating chart based on makeup desired,
b) enter the rating chart from left side with pressure,

¢) move to right to find required moment,

d) intersection is point that defines maximum tension rating,
e) interpolate between lines to get maximum tension rating.
3.2.1.2 Evaluate using the following criteria.

a) If the maximum tension rating is greater than the required tension, the flange is satisfactory for the intended use
based on the axisymmetric analyses.

b) If the maximum tension rating is less than the required tension, the flange cannot carry the desired load
combination based on the axisymmetric analyses. The pressure, tension, or moment will have to be reduced, or in
some cases increasing the bolt makeup from 40 ksi to 52.5 ksi will help. If these changes are not acceptable, a
more refined stress analysis will be required.

3.2.2 Example No. 1

Using the 3 /16 in. 10,000 psi Type 6BX flange as an example, check the load rating for the following combination of

loads:

a) bolt makeup stress = 52.5 ksi,

b) pressure = 10,000,

c) tension = 0 Ib,

d) moment = 5,000 Kip-ft.

Reading from Figure 2, the maximum tension rating for this pressure/moment combination is:
maximum tension rating = 61,000 Ib.

Since the required tension is 0 Ib, the flange is okay.

3.2.3 Example No. 2

For the same flange, check the following combination:

a) bolt makeup stress = 52.5Kksi,

b) pressure = 8,000 psi,
c) tension = 80,000 Ib,
d) moment = 15,000 ft-lb.

Reading from Figure 2, the maximum tension rating for this pressure/moment combination is:
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4 API TECHNICAL REPORT 6AF

maximum tension rating = 15,000 Ib.

Since the required tension is 80,000 Ib, the flange is not adequate for this application. Possible lower combinations
are:

a) reduced tension:

pressure = 8,000 psi,
tension = 15,000 Ib,
moment = 15,000 ft-lb.

b) reduced moment:

pressure = 8,000 psi,
tension = 80,000 Ib,
moment = 7,500 ft-Ib.

¢) reduced pressure:

pressure = 1,800 psi,
tension = 80,000 Ib,
moment = 15,000 ft-lb.

3.3 Discussion of Results with Bolt Makeup Stress = 40,000 psi

Ten of the 10,000 and 15,000 Type 6BX flanges do not have the capacity of rated pressure with a bolt makeup stress
of 40,000 psi. This applies when bolts with a yield strength of 80 ksi are used.

Tables originally within API 6A, 15th edition, indicate that these bolts are only applicable to 5,000 psi flanges less than
13 /g in. diameter, 10,000 psi flanges less than 4 1/16 in. diameter, and to 15,000 psi flanges less than 2 /16 in.
diameter. The results of Section 4 show that this caution is warranted yet slightly conservative, since several of the
flanges in question do have adequate pressure capacity with 80 ksi bolting.

Table 1—API Physical Properties and Material Types (See Note)

API Material Property Requirements Bodies, Bonnets, and Flanges (PSL 1 —4)

(1) () () (4) )
API Material 0.2% Yield Strength, Tensile Strength, Elongation in 2 in., Reduction in Area,
Designation Minimum (psi) Minimum (psi) Minimum (%) Minimum (%)

36K 36,000 70,000 22 No requirement

45K 45,000 70,000 19 32

60K 60,000 85,000 18 35

75K 75,000 95,000 18 35
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TECHNICAL REPORT ON CAPABILITIES OF APl FLANGES UNDER COMBINATIONS OF LOAD 5

Table 1—API Physical Properties and Material Types (See Note) (Continued)

Full document details: APl TR 6AF-2008 (2017)

API Material Application for Bodies, Bonnets, and Flanges (PSL 1-4)
(1) @ e @ e | ® | m | ®
Pressure Ratings (psi)
1,000 ‘ 2,000 ‘ 3,000 ‘ 5,000 ‘ 10,000 ‘ 15,000 ‘ 20,000
Part API Material Designation
Body bonnet NA 36K, 45K, 36K, 45K, 36K, 45K, 36K, 45K, 45K, 60K, 60K, 75K
60K, 75K 60K, 75K 60K, 75K 60K, 75K 75K
Integral end connection
Flanged NA 60K 60K 60K 60K 75K 75K
Threaded NA 60K 60K 60K NA NA NA
Independent
whead | sok7ek | ek | MA Na Na Na NA
equipment
Loose flanges
Weld neck NA 45K 45K 45K 60K 75K 75K
Blind NA 60K 60K 60K 60K 75K 75K
Threaded NA 60K 60K 60K NA NA NA
NOTE  Originally from API 6A 15th edition, Table V D1 and Table V D2.
Table 2—Flanges Not Meeting ASME Stress Allowables for Makeup Load Case (See Note)
(1 (2 3 \ 4)
Stress Intensity (psi)
Size Location
FEA Allowable
13 5/8 in. 2,000 psi Type 6B ID of hub 65,909 60,000
OD of hub 61,846 60,000
16 3/4 in. 2,000 psi Type 6B ID of hub 67,057 60,000
OD of hub 65,032 60,000
21 14 in. 2,000 psi Type 6B ID of hub 62,824 60,000
OD of hub 60,994 60,000
13 5/g in. 3,000 psi Type 6B ID of hub 65,373 60,000
OD of hub 60,066 60,000
NOTE Bolt makeup stress = 52.5 ksi.
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API TECHNICAL REPORT 6AF

4 Rating Charts

First preload rating
10000
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Users of these graphs should not rely exclusively on the information contained therein. Sound business, scientific, engineering,
and safety judgement should be used in employing this information.

Full document details: APl TR 6AF-2008 (2017)

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/api-tr-6af-2008-2017
http://www.avadocuments.com/doc/api-tr-6af-2008-2017

TECHNICAL REPORT ON CAPABILITIES OF API FLANGES UNDER COMBINATIONS OF LOAD 13
Bolt makeup stress = 52,500 psi
2000 T T T T T T
1500 \
= B 3 N
5 i N, 2 T
2 1000 e i
[ ‘Q.
a - W > _
P (2]
o L\ “% 2 1
i 2 \d _
2
500 2 %
2
5 S ]
0 ! ! Il | | L L
0 50.00 100.00 150.00
Bending Moment (Thousand ft-1b)
Bolt makeup stress = 40,000 psi
2000 T T T T T T
1500
2
k-1 - =
o R 4
2
@ 1000 2
B 9
-8 — % -
5 i W A 7
o D =] i
- P 8
W 2 ]
\ % 2,
500 < °
s 2
5 ??O A
% -4
B 8
0 | L L I L 'l
0 50.00 100.00 150.00
Bending Moment (Thousand ft-Ib)

Figure 8—9 in. 2,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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Figure 10—13 /8 in. 2,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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Figure 11—16 3/4 in. 2,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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Figure 12—21 1/4 in. 2,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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Figure 13—2 1/16 in. 3,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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Figure 14—2 9/16 in. 3,000 psi Type 6B Flange Bore Pressure vs. Bending Moment with Tension
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