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Strategies for Today'’s
Environmental Partnership

API ENVIRONMENTAL, HEALTH AND SAFETY MISSION
AND GUIDING PRINCIPLES

The members of the American Petroleum Institute are dedicated to continuous efforts to
improve the compatibility of our operations with the environment while economically
developing energy resources and supplying high quality products and services to consum-
ers. We recognize our responsibility to work with the public, the government, and othersto
develop and to use natural resources in an environmentally sound manner while protecting
the health and safety of our employees and the public. To meet these responsibilities, API
members pledge to manage our businesses according to the following principles using
sound science to prioritize risks and to implement cost-effective management practices:

« To recoghize and to respond to community concerns about our raw materials, prod-
ucts and operations.

« To operate our plants and facilities, and to handle our raw materials and productsin a
manner that protects the environment, and the safety and health of our employees
and the public.

« To make safety, health and environmental considerations a priority in our planning,
and our development of new products and processes.

. To advise promptly, appropriate officials, employees, customers and the public of
information on significant industry-related safety, health and environmental hazards,
and to recommend protective measures.

« To counsel customers, transporters and othersin the safe use, transportation and dis-
posal of our raw materials, products and waste materials.

o To economicaly develop and produce natural resources and to conserve those
resources by using energy efficiently.

. To extend knowledge by conducting or supporting research on the safety, health and
environmental effects of our raw materials, products, processes and waste materials.

« To commit to reduce overall emissions and waste generation.

« Towork with others to resolve problems created by handling and disposal of hazard-
ous substances from our operations.

. To participate with government and others in creating responsible laws, regulations
and standards to safeguard the community, workplace and environment.

. To promote these principles and practices by sharing experiences and offering assis-
tance to others who produce, handle, use, transport or dispose of similar raw materi-
als, petroleum products and wastes.



Technical Report on
Fire Resistance Improvements
for APl Flanges

Upstream Segment

API TECHNICAL REPORT 6F2
THIRD EDITION, APRIL 1999

American
I ) Petroleum

Institute

Helping You

Get The Job
Done Right."



SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, locd, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

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

Nothing contained in any APl publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued asinsuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at |east every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative APl standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the APl Upstream Segment [tel ephone (202) 682-
8000]. A catalog of API publications and materials is published annually and updated quar-
terly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the general manager of the Upstream Segment, American
Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission
to reproduce or trandate al or any part of the material published herein should aso be
addressed to the general manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of APl standards 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 prod-
ucts do in fact conform to the applicable APl standard.

All rights reserved. No part of thiswork 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 © 1999 American Petroleum Ingtitute



FOREWORD

API publications may be used by anyone desiring to do so. Every effort has been made by
the Ingtitute 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
fromits use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the genera manager of

the Upstream Segment, American Petroleum Ingtitute, 1220 L Street, N.W., Washington,
D.C. 20005.



IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS
OR ALTERNATIVE MATERIALS

Asbestos is specified or referenced for certain components of the equipment described in
some APl standards. It has been of extreme usefulness in minimizing fire hazards associated
with petroleum processing. It has also been a universal sealing material, compatible with
most refining fluid services.

Certain serious adverse health effects are associated with asbestos, among them the
serious and often fatal diseases of lung cancer, asbestosis, and mesothelioma (a cancer of
the chest and abdominal linings). The degree of exposure to asbestos varies with the prod-
uct and the work practices involved.

Consult the most recent edition of the Occupational Safety and Health Administration
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for Asbestos,
Tremolite, Anthophyllite, and Actinolite, 29 Code of Federal Regulations Section
1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for
Asbestos, 40 Code of Federal Regulations Sections 61.140 through 61.156; and the U.S.
Environmental Protection Agency (EPA) rule on labeling requirements and phased banning
of asbestos products (Sections 763.160-179).

There are currently in use and under development a number of substitute materials to
replace asbestos in certain applications. Manufacturers and users are encouraged to develop
and use effective substitute materials that can meet the specifications for, and operating
requirements of, the equipment to which they would apply.

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.
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Technical Report on Fire Resistance Improvements for API Flanges

1 Scope

This document establishes recommended methods for
improving the performance of standard API flanges when
subjected to the adverse effects of externa high temperatures
induced by exposureto fires. It does not cover fire prevention,
suppression, or fire fighting practices.

Innumerable factors contribute to flange failures under fire
conditions, so it is difficult to formulate hard and fast engi-
neering rules which will ensure fire resistant behavior under
al circumstances. It is possible to formulate a generalized
methodology to examine enhancements which will increase
the probability of survival of API flanges under fire conditions.

1.1 COMPARATIVETESTING

To provide a basis for comparing protection methods it is
necessary to provide consistent testing criteria. Although pri-
marily used for valves, APl RP 6F and APl Spec 6FA, aswell
as other test procedures, listed in the following, have been
used for testing connection and seal performances.

a. API RP6F.
b. API Spec 6FA (supersedesAPl RP 6F).
¢. User Modified API RP 6F, (Appendix A).
d. APl Spec 6FB—Should be considered as the standard test
method.

It is not intended that the order of listing indicates test
Severity.

2 References

1. APl Spec 6AF
Secification for Fire Test for Valves, American Petro-
leum Ingtitute, latest edition.

2. Weiner, Peter D.
Analysis of Flange and Clamp Joints Exposed to a Fire
Environment, Mechanical Engineering Department,
Texas A& M University, October 1979 (PRAC-79-21).

3. Fowler, JoeR.
Effects of Fire Environment on Pressure Capability of
Standard APl and ANSI Connections, prepared for
the American Petroleum Institute, March 1981
(PRAC-80-33).

4. Fowler, JoeR.
Effects of Fire Environment on Pressure Capability of
Sandard APl and ANS Connections—Testing and
Revised Analytical Procedure, prepared for the Ameri-
can Petroleum Institute, July 1982 (PRAC-81-33).

5. Fowler, Joe R. and Young, David S.
Prediction of Performance of 2'-6" ANS Flanges and
2Y1¢"-7Y16" Clamps and Flanges in a Standard Fire

Environment, prepared for the American Petroleum Insti-
tute, July 1984 (PRAC-83-33).

6. APl Spec 6A
Soecification for Wellhead and Christmas Tree Equip-
ment, American Petroleum Ingtitute, |atest edition.

7. APl Spec 6D
Soecification for Pipeline Valves (Gate, Ball, Plug and
Check Valves), American Petroleum Institute, latest
edition.

8. ANSI B165
Seedl Pipe Flanges and Flanged Fittings, ASME.

9. ASME Boiler and Pressure \iessel Code,
Section VI, Divisons 1 and 2.

10. Swest, Harry J.
Prediction of Seating and Retaining Loads for API Type
RX Pressure Energized Ring Joint Gaskets, prepared for
the Association of Wellhead Equipment Manufacturers,
April 1974.

11. Simmons, W. F, and H. C. Cross
Elevated Temperature Properties of Wrought Medium
Carbon Alloy Seels, ASTM Special Technical Publica
tion No. 199.

12. Miller, R. F, and J. J. Heger
Report on the Srength of Wrought Steels at Elevated Tem-
perature, ASTM Specia Technical Publication No. 100.

13. Smith, G. W.
Elevation of the Elevated Temperature Tensile and Creep
Rupture Properties of 12 to 27% Chromium Steels,
ASTM DS59.

14. Moon, D. P, R. C. Simon, and R. J. Favar
The Elevated Temperature Properties of Selected Super-
alloys, ASTM DS 7-S1.

15. Swest, Harry J.
Summary of Design Equations for Clamp Type Connec-
tions prepared, for the Association of Wellhead
Equipment Manufacturers.

16. Adamek, Frank, John J. Nutt, David S. Young
“Anaysis of Bimetallic Clamp Type Connectors Sub-
jected to Thermal Transients” prepared for the Fifth
International Conference on Pressure Vessel Technology,
September 9-14, 1984.

17.ASTM E-119
Sandard Test Methods for Fire Test of Building Con-
struction and Materials

18.ASTM E-84
Sandard Test Method for Surface Burning Characteris-
tics of Building Materials
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3 Usage Considerations
3.1 DIVISIONS OF USE

It is important to recognize that API flanges utilized for
conveying liquids as opposed to gases respond quite differ-
ently to fire environments. Rates of flow, as well as effluent
composition, radically alter fire resistance.

Land wellheads and Christmas trees provide good heat
sinks and consequently can be less vulnerable than flowlines.

Those multiple and adjacent wellheads, Christmas trees,
and flowlines which are in confined or contained spaces, such
as offshore platform ingtalations, are an entirely different
matter. Flame impingement from proximate wellheads may
occur and convective cooling may be materially reduced.
Drafting (convective air flow) may aid combustion with the
redlization of higher, more concentrated temperatures and
total heat input. Conversely, under some fire conditions, this
drafting effect can materially reduce ambient temperatures.

Other engineering problems must be addressed which do
not come within the scope of this document, but should be
considered when improving flange fire resistance. As an
example, it does little good to protect the flanged connections
of a short liquid flowline connecting two closed valves
engulfed in afire. Two events which may occur: (a) the over-
pressure induced by liquid expansion might cause flange sep-
aration, or (b) the flowline might catastrophically destruct
resulting in damage greater than that experienced by a flange
failure. The consequences of massive fire involvement are too
numerous to discuss, but should be considered in designing
for fire resistance of systems.

3.2 LIQUID AND GAS SERVICE
Installation and equipment considerations:

a. Onshore—Platform Offshore.

b. Flowing or Static—Effluent.

c. Wellhead—Size and Components.

d. Christmas Tree—Size and Components.
e. Flowline.

4 Testing

4.1 RELATIVE FIREVULNERABILITY OF API
FLANGES:

The performance of APl and ANSI flanges in fire testing
per API RP 6F and APl Spec 6FA has been studied and isthe
subject of APl Technical Report 6F1. Excerpts from that
Technical Report are contained in Appendix B, and serve asa
basic guideline to determine which flanges require protection.

4.2 MANUFACTURER'S TESTING:

At the present time, extensive testing has not been per-
formed in accordance with APl Spec 6FB. Various manufac-

turers have conducted tests in accordance with * user modified”
APl RP 6F, with a general concurrence that most or al AP
flanges will not survive without leakage or irreparable damage.

5 Improvements
51 METHODS OF IMPROVEMENT
5.1.1 Shielding

The most obvious protection is “shielding” or preventing
the involvement of the flange with the fire environment.
Metal shielding alone is not considered effective unless it is
used with adequate insulation. Insulation inhibits heat trans-
fer by radiation and convection. Used in conjunction, shield-
ing and insulation can provide effective protection for flanges
subjected to the testing outlined in API, Spec 6FA and AP
Spec 6FB. Shielding must be of sufficient thickness and made
of an appropriate material to prevent “burn through” and to be
self-supporting during a fire. Appendix C may be used to
determine insulation requirement and provides information
on some insulating materials. Many insulations are available;
and information on physical properties can be obtained from
the manufacturers.

Some important usage factors should be considered,
including resistance to environmental deterioration; high
insulating value; ease of ingtalation; service life; and chemi-
cal interaction with flanges, studs, nuts, and shielding.

Shielding must cover the entire flanged connection and, in
particular, studs and nuts.

5.1.2 Shielding Coatings

Coatingsfor fire protection have been widely used for con-
struction members in refineries, and industrial and chemical
plants. Many are used as external insulation for fired vessels.
They are available in several forms: solid sheet materials;
spray applied “gunite” or troweled types; batting (fiber); and
wrapping-type materials. Most of these materials are rated in
accordance with UL and ASTM?2 specifications. ASTM-
E 1119/ASTM-E 84 would be typical specifications. Numer-
ous compositions are available, but generaly fall into several
categories: aluminum oxides blended with silica, or magne-
sium oxychlorides are typical. Trade compounds providing
reactive bonding characteristics are added to make cementi-
tious mixes for application. Common fiberglass and mineral
woods are used. Consideration should be given to environ-
mental considerations, water absorption, abrasion, impact
resistance and compatibility with the materials being coated.
To avoid covering studs and nuts, high temperature bolting
materials may be used (see Appendix D).

lUnderwriters Laboratories, 333 Pfingsten Road, Northbrook, 1i-
nois 60062.

2American Society for Testing and Materials, 100 Barr Harbor
Drive, West Conshohocken, Pennsylvania 19428-2959.
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5.2 MATERIAL RECOMMENDATIONS

Most common materials used in API flange systems are car-
bon and low alloy steels which experience severe strength loss
when exposed to high temperatures. Ferrous materials with
significantly enhanced high temperature properties may be
used to upgrade flange capabilities. Materials with exceed-
ingly high capabilities are available but are expensive, limiting
their usage to extremely critical applications. Some materias
that should be considered are listed in Appendix D.

5.2.1 Geometric Changes

It is not contemplated that true geometric (dimensional)
changes in API flanges will be considered. However, if an
application (from afire resistance standpoint) is marginal due
to flange size or other factors, it might be possible to utilize a
larger APl flange that will meet the required criteria (see

Appendix B).

5.2.2 Retrofit Possibilities—Materials

API flange joint failure (leakage) under fire conditions is
directly related to significant degradation of physical proper-
ties, excessive or unequa expansion of components, distor-
tion, etc. The single common result consequential to the
failure is relaxation of the uniform loading (sealing) forces
imposed on the seal elements: R, RX or BX rings. Some
flanged connections, because of their size and/or service con-

ditions, cannot be modified for fire resistance unless they are
constructed of materials which will not exhibit detrimental
physical changes under fire conditions. Others can be made
fire resistant by changing only the studs and/or nuts to a suit-
able material.

There are three main mechanisms which may cause loss of
sealing forces. First, the studs may yield due to loss of
strength at elevated temperature. Second, the flange itself
may yield under the nuts, causing the nuts to indent into the
flange. Third, if the sedl ring element is much stronger than
the flange at elevated temperature, the sealing load may
deform the flange. Differential thermal expansion is aso a
potential problem. If the studs expand more than the flanges,
the sedling preload may be logt. If the flanges expand more
than the studs, either the studs may yield or the nuts may
indent into the flanges, causing leakage.

5.2.3 Retrofit Possibilities—Remachining

Possibilities exist that in the near future severa field ser-
vice agencies and manufacturers will obtain in situ remachin-
ing capabilities. The intent would be to provide flange sed
modifications for use with proprietary sealing systems within
the framework of standard API flange geometry. These ser-
vices should be carefully examined and tested prior to inclu-
sion into any piping system. Minimum requirements for use
should be the methods and results of tests in accordance with
API Spec 6FA and APl Spec 6FB.






APPENDIX A—USER-MODIFIED API RP 6F

Flame temperature 1" from wall
Stabilization temperature of internal seal surface
Total duration of heating
Hold period at stabilization temperature
Test pressure (High)
ATest pressure (Low) gas service
ATest pressure (Low) ail service
Test media:
During heat up and hold period
During cool down
External |eakage both during burn period and after cool down

External |eakage after cool down at low pressure

aQualification of 100 psi eliminates need for 500 psi test.

2000°F (1100°C)
1200°F (650°C)
3to 3%, hours
1 hour
75% WP

500 psi
100 psi

Water
N2

0






APPENDIX B—PERFORMANCE PREDICTIONS

B.1 Foreword

An analytical procedure to predict the performance of API
Spec 6A and APl Spec 6D standard end connections in the
API Fire Test was developed in severa research projects. In
this Technical Report, these procedures are applied to API
Spec 6A connections from 21/ in. to 7Y4¢ in., and API
Spec 6D (ANSI) connectionsfrom 2in.to 6in.

The results show that the small, low pressure carbon steel
joints are the most likely to leak. BX gaskets used in API
joints are likely to unseat with 410 stainless bodies and A286
studs. AP jointswith 4130 bodies. B7 studs, and soft iron gas-
kets are relatively lesk resistant. APl 6B flanges and clamps
with 410 stainless bodies and A286 studs are likely to leak.

Of the 170 connections studied, 87 are likely to leak; 29 are
possible leakers; and 54 are not likely to lesk.

B.2 Performance of APl and ANSI End
Connections in the Standard Fire Test
of API Spec 6FA

B.2.1 INTRODUCTION

The prediction of whether or not a particular joint will fail
inthefiretest is based on three considerations.

a. Does the joint lose so much preload that it does not have
enough left for the required seal retaining load?
b. Does the joint get so hot that the bolts or the connection
yidd?
c. Do the BX gaskets have enough eastic “spring-back” to
keep from unsesting?

Table B-2 shows the classification adopted in reporting
possible leakage.

B.2.2 GENERAL

B.2.2.1 Actual required retaining loads to maintain a sed
are not very well known. The ASMIE Boiler and Pressure Ves-
sel Code requirements are guidelines, but they are likely con-
servative. Most joints that are classification B (50%—100% of
required retaining load) probably won't leak.

B.2.2.2 BX gaskets tend to unseat in small sizes with 410
stainless bodies and A286 studs (SA 453 Gr 660). Thereisno
such tendency for 4130 bodies with B7 studs.

B.2.2.3 AP 6B flanges and clamps with 410 stainless bod-
ies and A286 studs are very poor in fire resistance. This is
because of the greater thermal expansion with temperature of
the bolts compared with the bodies.

B.2.2.4 The API flanges with 4130 material (60 ksi) and
B7 studs, and soft iron RTJ gaskets are very fire resistant
except for the smallest sizes and pressure range.

B.2.2.5 Although in many cases yielding of the flanges is
predicted, this was usually ignored in the classification. This
is because the calculation procedures for flange stresses are
usually somewhat conservative, and because yielding at the
surface of aflange or clamp does not result in significant per-
manent deformations until the yield is exceeded by a
good margin.

Table B-1—Materials and Gaskets
of Interest

Materials and GasketsANS| Flanges

Combinations
1 2
Flange Material SA 105 316 SS
Bolt Materid SA 193 B7 SA 193 B8
Gasket Type 1. Spira Wound
2. RTJTypeR RTJTypeR
Gasket Materid 1. Stainless
2. Soft lron Stainless
Materials and Gaskets APl Flanges
Combinations
1 2
Flange Materia 4130 410SS
Bolt Materia SA 193 B7 SA 453 Gr 660
Gasket Type RTJ RTJ
Gasket Materid Carbon Stedl Stainless Stedl

Table B-2—Classifications

A = When made up to normal specifications the joint has adequate
retaining load and the BX gaskets will not unseat. No leskage
is predicted.

B = When made up to normal specifications, the retaining load is
between 50% and 100% of the code requirement. Leakageis
possible.

C = Retaining load isless than 50% of the code requirement. Leak-
ageislikely.

D = BX gasketswill unseat. Leskageislikely.

E = Theyield strain of the bolt at temperature is between 75% and
100% of the makeup bolt strain. Therefore, leakage islikely.

F = Theyield strain of the bolt at temperature is less than 75% of
the makeup balt strain. Leakageis amost certain.
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Temperature, °F

1400
ANSI
/ o
1200
API
6B 21/16" — 2,000
ANSI
6" — 150
1000
ANSI
2" —900
800
API
6B 41/16" — 5,000
API
6BX 41/16" — 15,000
600
400
200
0
0 5 1.0 1.5 2.0 2.5
Surface Area
Volume

Figure B-1—Average Temperatures of Various Joints Carbon Steel at 30 Minutes



TECHNICAL REPORT ON FIRE RESISTANCE IMPROVEMENTS FOR APl FLANGES 9

Table B-3—Classification Summary of
ANSI Carbon Steel Flanges

Table B-5—Classification Summary of API Flanges
and Clamps?@

Nominal Pipe Class
Class
Sizein. 150 300 400 600 900
2 F FB — E.C A
21, F F — B A
3 F EB — C C
3Y, F EB — C —
4 E B B C B
5 F B B C B
6 F B B C B
Flat-Faced Spird Wound Stainless Steel Gaskets
Nominal Pipe Class
Class Size
in. 150 300 400 600 900
2 F F — CE A
21, E E — B A
3 E A — C C
3Y, A A — B —
4 A B A C A
5 A C B C A
6 A C A C B
RTJ Soft Iron Gasket
Notes:
A = No leakage.

B = Retaining load 50% to 100% of required—Ieakage possible.
C = Retaining load less than 50% of required—Ileakage likely.
D = BX gasket unseats—|eakage likely.

E = Boltsyield small amount—|eakage possible.

F = Boltsyield large amount—|eakage likely.

Table B-4—Classification Summary of 316 Stainless

ANSI Flanges
Nominal Pipe Class
Class Size
in. 150 300 400 600 900
2 A A — B A
21, C A — C C
3 C C — C C
3%, C C — C —
4 C C C C C
5 C C C C C
6 C C C C C
Stainless RTJ Gasket
Notes:
A = No leakage.

B = Retaining load 50% to 100% of required—Ieakage possible.
C = Retaining load less than 50% of required—| eakage likely.

D = BX gasket unseats—|eakage likely.

E = Boltsyield small amount—|eakage possible.

F = Boltsyield large amount—|eakage likely.

Size 6B 6B 6B 6BX 6BX Clamp? Clamp?
(Bore) 2,000 3,000 5,000 10,000 15,000 5,000 10,000

2 F E A E A E F
% F A A A A E F
3l A A A

3y F A A A

e A A A A A A A
5 A A A A A

e A A A A A E A

4130 Materid —B7 Studs

Size 6B 6B 6B 6BX 6BX Clamp? Clamp?
(Bore) 2,000 3,000 5,000 10,000 15,000 5,000 10,000

2% C C C D D C C
2916 C C C D D C C
34 A D C
3Yg C C C C
4Y g C C C A A C C
5Yg C C C A C
Y16 C C C A A C C
410 SS Material—A 286 Studs
Notes:
A = Noleakage.

B = Retaining load 50% to 100% of required—Ieakage possible.

C = Retaining load less than 50% of required—Ileakage likely.

D = BX gasket unseats—Ileakage likely.

E = Boltsyield small amount—|eakage possible.

F = Boltsyield large amount—| eakage likely.

aClamp-type connections are covered in APl Specification 16A,
Specification for Drill Through Equipment.

B.3 Conclusions and Guidelines

B.3.1 Small diameter, low pressure connections in carbon
steel are very likely to leak. This is because they get too hot,
and yielding of the B7 bolts occurs.

B.3.2 A user could provide protection against leakage of
thesejointsin afire by insulating the joints or by using ajoint
that is one or two pressure classes higher than what is
required for pressure alone.

B.3.3 Bodiesof 410 stainless with A286 studs are BX gas-
kets should not be used in sizes smaller than 41/4¢" for fire
service. These gaskets are likely to unseat.

B.3.4 API 6B flanges and clamps with 410 stainless bodies
and A286 (SA 453 660) bolts are very likely to leak in afire
test because the bolts expand so much more than the bodies.
As agenerd rule, it is good practice to match the expansion
coefficients of the bolts and bodies.
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B.3.5 The actua sed retaining loads required to prevent
leakage are not well known. The retaining loads required by
the ASME Boiler and Pressure Viessel Code are probably very
conservative.

B.3.6 There is possibly a wide variation in results from
those predicted here because of the variability of test facili-
ties, uncertainties of makeup, variations in actual materia
strengths, and variations in gaskets. However, those results
should be indicative of comparative strengths.

B.3.7 Users can improve the performance of some joints
by making them up as tight as possible while avoiding over-
stressing them. This may require the use of torque wrenches
or stud tensionersin thefield.

B.3.8 AP flanges with 4130 bodies and carbon steel RTJ
gaskets are relatively good in thefire test (except for the small,

low pressure sizes). This is because the predicted retaining
loads of these gaskets are small, and because the makeup bolt
loads are much higher than the equivalent ANSI flanges.

B.3.9 Of the 172 connections studied, the breakdown is
asfollows:

Category Number Percent
A = Noleskage 54 32
B = Low retaining load, leakage possible 16 9
C = Very low retaining load, leakage likely 67 39
D = BX Gasket unseated, leskage likely 5 3
(50f 22, or 23%
of BX joints)
E = Boltsyield some, leakage possible 13 8
F = Boltsyield alot, leakage likely 15 9




APPENDIX C—DETERMINATION OF INSULATION REQUIREMENTS
TO PROTECT FLANGE

The basic methodology used in this Appendix is explained
in References 3, 4, and 5 of section 2, References.

The following equation, which is based on the assumption
of negligible internal thermal resistance of a flanged connec-
tion, predicted the average connection temperature of an
uninsulated connection fairly accurately comparing with both
test data and finite el ement methods.

M - e—(hA/pCV)9
T.-T,
where
T, = Flametemperature (1500°F for APl Spec 6FA),
T = Average temperature of joint, °F,
To = Starting temperature (70°F),
h = External convection coefficient,
10—
hr—ft"—°F

for the facilities where testing was done. It can be different at
different facilities.

A = All joint surface areas exposed to flame, ft2,

p = Density, lbm/ft3:

C = Specific heat Btu/lbm °F,

V = Joint metal volume, tapered hub plus flanges, ft3,
6 = Time, hours.

This equation can also be used, as afirst approximation, to
determine the equivalent external convection coefficient from
insulation which is required to keep the flange below a given
temperaturein the test.

If we assume, for example, that the flange will be protected
if it does not exceed 800°F, then the required external convec-
tion coefficient needed to achieve that can be found.

T.—T _ 1500-800 _
T.oT,” 1s00-70 | 4%
el gl 1 _ - 509

Chcv U~ 0.4895

ohA 41 _ -
hev In(2.0429) = 0.7143

For carbon sted!,
_1 _ 3
0= 5 hour p = 490 Ib/ft

Btu

C-= Ollm:

th = 0.7143 (490 Ib/f%).11-o 1

Ibn®F Y, Hour

hA _ 77 Btu

\Y hr/ft®—°F

Asan example, take an ANSI 2'-150 |b flange

= 2.1Vin. = 25.4/ft

<>

. 77 Btu
hrequired = — = 3.04 ——
254 hr —ft*—°F

Thisisthe equivalent external convection coefficient which
theinsulation must ssimulate to keep the connection at 800°F.

The insulation thickness required can be calculated based
on the thermal conductivity of the insulation.

For two-dimensional planer insulation, the relationship
between equivalent convection coefficient and insulation
properties, assuming the outside of the insulation is at the
flame temperature, is

K

h:T,

K

thermal conductivity B—tzu )
hr—ft"—°F

t thickness.

To consider a curved surface (as in aflange outside diame-
ter) the equation is

h=—K

rflng—ﬁ
f

where

ri = outsideradius of the flange,

ro = outsideradius of theinsulation.



12 API TECHNICAL REPORT 6F2

Using the two above equations, the relationship between
insulation thickness and required thermal conductivity is

. Btu
K required —————
e TR —F
t Insulation Curved Section
Thickness, in. Flat Section rg=3"
(2'-150 Ib flange)
0.25 0.063 0.061
0.50 0.127 0.117
1.00 0.249 0.219

These thermal conductivities are readily available.
The conclusion is that relatively thin insulation will pro-
vide adequate protection to even the smallest flanges.



APPENDIX D—FLANGE, SEAL, AND BOLT MATERIALS

D.1 The following material properties are important when
evauating materiasfor fire resistant flanges.

a Yidd strength.

b. Rupture strength.

c. Coefficient of thermal expansion.
d. Thermal conductivity.

e. Elastic modulus.

f. Poisson’s Ratio.

D.2 Table D-1 contains these properties at ambient and ele-
vated temperature. The following criteria should be consid-
ered when selecting materials for usein fire resistant flanges:

a Reduction in initial tightening force in bolts due to
increased bolt expansion relative to flange.

b. Preload loss due to flange rotation because of thermal gra-
dient distribution across flange cross-section.

c. Materia properties related to stiffness (Young's Modulus
and Poisson’s Ratio) change with temperature.

d. Highreduction in yield strength at elevated temperatures.
e. Differential thermal expansion coefficients and thermal
conductivities may affect sealing, bolting, etc.

Table D-1—High Temperature Material Properties

70°F 1200°F
Heat Yield Tensle E Yield Tensle E SR-10 Alpha
Treat (KS) (KS) 10E6PSI  (KSI) (KSl) 10E6PSI (KSI) 10E-6/F K
Carbon Steels
1020¢ H.R. 38.0 63.0 27.9 110 22.0 — >14.02 8.0 195
Low Alloy Steels
4130 Q&T 60.0 90.0 29.9 — — 112 — 85 —
4140 Q&T 60.0 90.0 29.9 — — — — — —
A 193 B7 Q&T 105.0 29.9 15.8 — — 112 — 85 —
1%,% Cr, Y% Mod Ann. 36.0 — 27.9 10.0 — 10.6P — 8.4 —
Cr-Mo-V N, Q&T 88.5 106.0 29.9 415 474 — 16-35 — —
2%,% Cr, 1% Mod Ann. 37.1 73.1 30.2 232 26.0 16.2 20.0 7.9 195
Stainless Steels
316° Ann. 30.0 74.9 28.0 16.1 46.6 20.9 >21.0 104 10.5
410 Q&T 60.0 90.0 29.2 18.9 — 12.2 — 6.6 153
A286 Grade 660 S.T./Age 94.4 161.2 29.2 82.3 126.0 222 68.4 95 10.2
High Temp Alloys
625 Ann. 775 135.0 30.1 62.0 120.0 24.7 90.0 82 83
X750 PT. 1185 174.0 31.0 103.0 136.5 23.0 100.0P 8.4 9.4
718 Ann/Age 150.0 180.0 29.0 115.0 140.0 23.7 >100.0 88.6 95
718 (NACE) Ann/Age 1150 130.0 29.0 — — 23.7 — 8.6 95
Property Definition Heat Treat Key
Yield 0.2% Offset Yield Stress H.R. Hot Rolled
Tensile Tensile Stress Q Quenched
E Young's Modulus Amn. Anneadled
SR-10 10 hour rupture stress N Normalized
Alpha Mean Thermal Expansion T Tempered
Rate: 70°F —1200°F ST. Solution Treated
K Mean Thermal Conductivity: Age Age Hardened
(Btu/hr-ft. °F) PT. Precipitation Hardened
aProperty at 1,000°F.
bExtrapol ated.

CCannot be heat treated to obtain AP Type I or |11 properties.

dCan be heat treated to obtain API properties; however, high temperature material propertiesin this condition are not available.
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Stress, 1000 psi

160

140

120

100

80

60

40

20

SAE 1040 steel
Quenched and tempered
(Data Sheet No. 5)

\ \ +—— Tensile strength

Rupture in 100 hours—|

Rupture in 1000 hours—|

X
—>\ \ \ 0.2 percent offset
yield strength

400 600 800 1000 1200 1400
Temperature, °F

Source: Elevated Temperature Properties of Carbon Steels

ASTM Specia Technical Publication #180
University of Houston Library TX 47255

1 = Material Table D-3 with I/, inch insulation

2 = Materia Table D-3 with 1inchinsulation

3 = Material Table D-3 with 1/, inch insulation

4 = Materia Table D-3with 2 inch insulation

5 = Material Table D-4 with Y/, inch insulation

6 = Materia Table D-4 with 1 inch insulation

7 = Material Table D-4 with 1%/, inch insulation

8 = Materia Table D-4 with 2 inch insulation

9 = Material Table D-3; no insulation required
10 = Materia Table D-4; no insulation required

N.R. = Not recommended

A therma conductivity (K) of 0.20 Btu/hr-ft°F was used to deter-
mine the required insulation thicknesses. If an insulation of a higher
thermal conductivity is substituted, the equivalent insulation thick-
ness can be determined using the following method:

t_Ktl
27020

to = required insulation thickness of new insulating material
(in),

K = thermal conductivity of new insulating material.
(Btu/hr-ft—°F),

t1 = insulation thickness recommended in chart (in.).

High Temperature Strengths From Data Sheet No. 5 Killed Carbon Steel (0.27-0.58°C)
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Table D-2—Suggested Fire Protection of Flanges

API Pressure Rating

Size(in.) 2000 psi 3000 psi 5000 psi 10,000 psi 15,000 psi 20,000 psi FPC
1 9 9 A
13346 20r5 20r5 20r5 B
N.R. 8 7 C
lor2 1 9 1 9 9 A
2Y46 6 20r5 20r5 20r5 20r5 1 B
N.R. 8 8 N.R. 8 7 C
20r5 9 9 9 9 9 A
2946 20r5 20r5 20r5 20r5 20r5 1 B
N.R. 8 8 8 8 7 C
20r5 9 9 9 A
346 20r5 20r5 20r5 20r5 B
N.R. 8 8 7 C
9 A
3Yg 20r5 B
8 C
9 9 9 9 9 9 A
4l 20r5 20r5 20r5 1 1 1 B
8 8 7 7 7 40r6 C
5Yg 9 A
1 B
7 C
9 9 9 9 9 9 A
Y16 20r5 20r5 1 1 1 1 B
8 7 7 4o0r6 4o0r6 30r6 C
9 9 9 9 9 9 A
9 20r5 1 1 1 1 1 B
7 7 4o0r6 3o0r6 3o0r6 2or5 C
9 9 9 9 A
11 1 1 1 1 B
7 4or7 3o0r6 30r6 C
9 9 9 9 9 A
135/ 1 1 1 1 1 B
7 4o0r6 3o0r6 3o0r6 7 C
9 9 9 9 A
16%/4 1 1 1 1 B
4o0r6 4o0r6 3o0r6 30r6 C
9 9 A
173, 1 1 B
4o0r6 3o0r6 C
9 9 A
183, 1 lor10 B
3o0r6 2or5 C
9 A
209/, 1 B
3o0r6 C
9 9 9 A
21Y/, 1 1 lor 10 B
4o0r6 2 2or5 C
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D.3 Fire Protection of Flanges

D.3.1 This section contains guidelines for the fire protec-
tion of 6A flanges. The method contained in Appendix C of
this bulletin has been used to determine these guidelines. The
following assumptions were also made:

D.3.1.1 Flangesmadeof low aloy stedls (Table D-3 Materi-
als) will withstand average flange temperature of up to 800°F.
Thisisbased on the fact that the mechanica properties of these
materials degrade significantly above thistemperature.

D.3.1.2 Fanges made of intermediate aloy materias
(Table D-4 Materids) will withstand average flange tempera-
tures of up to 1200°F. The mechanica properties of these mate-
rials begin to degrade significantly above this temperature.

Stress levels present in individual flanges have not been
considered. This simplification is valid if one considers the
significant reduction in material properties which takes place
after the allowable temperatures.

D.4 Since no two applications are identical, flange protec-
tion has been subdivided into three classes: A, B, and C. Class
A offers the lowest amount of fire resistance, while class C
offers a greater degree of fire resistance. No flange, however,
can be made “fireproof.” A fire of sufficient magnitude will
cause flanges protected by al of these categoriesto fail. These
recommendations are therefore offered only as guidelines.

D.41 CLASSA

This classisintended to protect flanges from fires of mod-
erate severity and short duration. A 1600°F fire for aperiod of
30 minutes was used for analysis purposes in establishing this
class. Many of the intermediate and larger size flanges pos-
sess this degree of fire resistance without any modifications
provided they are manufactured from the proper materials.
This has been verified by testing and more in-depth anaysis,
which is documented in Appendix B. In all cases, the results
using the analysis from Appendix C are conservative in com-
parison to the analysis and test results of Appendix B. Where
testing and more in-depth analysis have been performed,
these results have been substituted.

Table D-3—Commonly Used Materials
Low Alloy Steels

Flange and Seal
Material Bolting Materia
AlS| 1040 ASTM A193 Grade B7 studs
AlSI 4130 with A194 Grade 2H nuts.
AlS| 4140 or
1Y, Cr-1 Mo ASTM A193 Grade B7M studs

ASTM 487 Grade 4Q-9Q ASTM A194 Grade 2M nuts.

Table D-4—Intermediate Steels/High Alloy Bolting

Flange and Seal
Materia Bolting Materia
Cr-MoV AlSI 718
2%, Cr-1 Mo AlSI X750
Nitronic 50 ASTM A283 Grade 660
ASTM A453 Grade 660
ASTM A638 Grade 660

Notes:

1. Young's Modulus and/or the coefficient of thermal expansion of
the flange, sedl, and bolting materiasin Table D-4 have been matched
between the dotted lines. Flange and sedl materials should not be
exchanged with bolting materials above or below the dotted line.

2. Flange bolting should be prestressed to 75% of yield strength at
ambient temperature.

3. These material tables are to be used as a guide for selecting appro-
priate flange and bolting combination to suit a particular high temper-
ature application. These tables in no way attempt to limit or restrict
the usage of materials not listed. In selecting materials not included in
this list, care should be taken to assure materia strength and thermal
expansion coefficients are compatible and will withstand the antici-
pated fire temperatures.

Example Praoblem:

A 746 in. APl 10,000 psi gate valve is to be used as the lower
master valve on an offshore wellhead assembly. Devise a suitable
means of fire protection for the flanges of this valve, and the well-
head flanges to which the valve will be connected.

Considering the offshore location, Fire Performance Class C is
selected. Consulting Table D-2 in this Appendix for Fire Perfor-
mance Class C, Material Table D-3 with 2 in. of insulation (K =
0.20 Btu/hr-ft.°F) is recommended).

The valve manufacturer is consulted and it is determined that the
valve body and flanges are to be 4140 material. 4140 material is cho-
sen for the mating flange and gasket also since they identically
match the thermal expansion rate of the valve's flange.

ASTM A193 Grade B7M studs and A194.2M nuts are selected
because the flange will be covered with a shroud and hydrogen sul-
fide potentially retained in contact with the bolting.

Aninsulating materia with aK vaue of 0.12 Btu/hr.-ft-°F is to be
used. The dternate insulation thicknessis determined as shown below:

_ Kty _ (012)(2.0) _ .
t, = 030 - 020 = 1.20inch

round up to 1.25 inch

A sketch of the shrouded flange assembly is shown in Figure D-1.
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D.4.2 CLASSB

This class is intended to protect flanges from more severe
fires, and fires of short duration. A 2300°F fire for a period of
30 minutes was used for analysis purposes in establishing this
class. The recommendations of this fire performance class
have been subject to only very limited testing at thistime.

1/4" Steel plate

D.43 CLASSC

Thisclassisintended to protect flanges from severe fires of
longer duration. A 2000°F fire for a period of three hours was
used for analysisin establishing the recommendations of this
class. Presently no testing has been performed under these
fire conditions.

Insulation
/ K = .12 btu/hr-ft-°F

Za\

Y

2

\3\
7 %% A 193 B7M Stud
Lz f g /) N with a 194 2M nut
( 77ZZZZZ. N \\\\\\Y | /7

7
//
‘ Z
N\
\— [/

7

4140 BX 156 Ring

T

4140 Flange

Figure D-1—71/46 in. API 10,000 psi Flange Protector in Accordance with Fire Protection Class C






APPENDIX E—METRIC CONVERSIONS

E.1 Englishunitsare preferredin al casesand shal be standard in this specification. Thefollowing factorsarefrom APl Std 2564

Length: 1inch(in) 25.4 millimeters (mm)

Pressure: 1 pound per squareinch (psi) = 0.06894757 bar
Stress: 1 pound per squareinch (psi) = 0.0006894757 megapascals (MPa)
Energy: 1 foot-pound (ft-1b) = 1.355818 Joule (J)

Torque: 1 foot-pound (ft-1b)
Mass: 1 pound mass

1.355818 Newton-meter (N-m)
0.453524 kilogram (kg)

Temperature Conversion: The following formulamay be used to convert degrees Fahrenheit (°F) to degrees Celsius (°C):
°C=(5/9) (°F-32)

E.2 Inaddition to the above conversions, the designations PN for nominal pressure and DN for nominal diameter are sometimes
used in the designation of valves. For the purposes of this specification, the PN designations relate to the pressure classes, and the
DN designations relate to NPS, or nomina pipe sizes, asfollows:

Class150 = PN 20 Class300 = PN 50
Class400 = PN 64 Class600 = PN 110
Class900 = PN 150 Class1500 = PN 260
Class 2500 = PN 420

NPS 2 = DN 50 NPS21, = DNG65
NPS3 = DN 80 NPS4 = DN 100

For NPS 4 and greater listed sizes, multiply the NPS by 25 to obtain the DN, except that there is no equivalent for NPS 36.
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