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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 recognize 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.
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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.

APl 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 as insuring anyone against liability for infringement of |etters 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 API 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 AP
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was devel oped
should be directed in writing to the general manager of the Upstream Segment, American
Petroleum Ingtitute, 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 API standard.

All rightsreserved. No part of this work may be reproduced, stored in aretrieval 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
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FOREWORD

An analytical procedure to predict the performance of APl Spec 6A and APl Spec 6D stan-
dard end connections in the API Fire Test was developed in severa research projects. In this
Report these procedures are applied to APl Spec 6A connections from 21/4 in. to 7Y4¢ in.,
and APl Spec 6D (ANSI) connectionsfrom 2in.to6in.

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.
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IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS
OR ALTERNATIVE MATERIALS

Asbestos is specified or referenced for certain components of the equipment described in
someAPI standards. It has been of extreme usefulness in minimizing fire hazards associated
with petroleum processing. It has aso 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
reguirements 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 Performance of APl and ANSI End Connections in a Fire Test
According to API Specification 6FA

0 Introduction

The Production Department of API first published in 1978
a procedure for fire testing valves. The current procedure is
AP Spec 6FA, API Specification for Fire Test for Valves (1)1.
Basically, the Specification calls for a fire with an average
temperature of 1400°F1800°F to be applied for 30 minutes
to avalve pressurized with water to detect leakage. Since end
connections usually are included in these tests, they become
potential failure pointsfor afire-tested valve assembly.

Since end connections are standard products, APl has
sponsored several research projects to define the ability of
end connections to pass the fire test. Ten standard end con-
nections of various sizes, types, and pressure ratings were
tested in 1979 (2). (PRAC-79-21)

Two subsequent research projects (3, 4) in 1980-81
(PRAC 80-33) and 1981-82 (PRAC 81-33) resulted in pro-
cedures to analytically predict the performance of flanged
and clamped connections to the fire environment.

This procedure basicaly is composed of four parts. (a) pre-
dicting the temperature distribution in the flange, (b) predict-
ing the preload loss, (c) predicting the performance of the
various sed s with the reduced prel oads which occur in afire,
and (d) predicting whether or not yielding of boltsislikely to
occur. Significant yielding will lead to leakage either during
the fire or shortly afterward.

A fourth project (PRAC-83-33) (5) evaluated the standard
end connections in APl Specifications 6A (6) and 6D (7)
using these analytical procedures.

This report summarizes the results of al the projects. In
addition, the appendixes present the anaytica procedures
used to generate the performance prediction of section 3.

1 Scope and Applicability

The sizes of interest are shown in Table 1. The ANSI (8)
sizes are adopted by APl Spec 6D. The APl sizes refer to
thosein APl Spec 6A.

Table 2 shows the materials and gasket types which have
been studied. As can be seen, there are alarge number of sizes
and combinations of materials and gaskets.

One very important point is that this Technical Report, and
the research projects which preceded it, are based on the fire
test procedure in APl Spec 6FA. Whether or not API
Spec 6FA adequately defines a “true” fire is totally outside
the scope of this bulletin. The test smulates a closed condi-

be different. Also, the external loads from dead weight, piping
system thermal expansion, wind, etc., could significantly
affect a joint’s performance in a fire. These effects could be
included in the design procedures reported herein, but they
are not in the scope of thisreport.

1.1 EFFECTS OF FIRE ENVIRONMENT

Exposure to a fire environment around a flanged or
clamped joint will tend to reduce the joint preload required
for many seals to function. In aflanged joint, the flange exte-
rior and bolts will heat up quicker than the seal and interior
flange portion. This therma gradient across the joint will
cause preload to be lost. If enough preload is lost, the sedl
may unseat and leak; lose the contact pressure necessary to
maintain a sedl; fail if the sedl is not strong enough to carry
pressure load without the restraint from the adjacent contact
surfaces, or fail if the temperature capacity of the seal mate-
rial is exceeded.

1.1.1 Inaddition to preload loss from the thermal gradient,
there is a preload loss due to the reduction of joint stiffness
resulting from increasing temperature. Another factor which
can cause preload loss is yidding of the gaskets, studs, or
flanges. Bolt yielding results in permanent stretching which
means permanent preload loss and likely leakage, either hot
or cold.

Table 1—Sizes of Interest

ANSI FlangesAnayzed

Nominal Class
Pipe
Size, in. 150 300 400 600 900
2 X X X C1 1500
212 X X X C1 1500
3 X X X X
342 X X X
4 X X X X X
5 X X X X X
6 X X X X X

Clampsand APl FlangesAnalyzed

Size 6B 6B 6B 6BX 6BX Clamp Clamp
(Bore) 2000 3000 5000 10000 15000 5000 10000

2% X X X X X X X
2916 X X X X X X X

tion with no flow through the connection. If there were flow 36 X X X
through the connector, the heat transfer response would likely 3Yg X X X X

4 X X X X X X X
INumbers in parentheses refer to corresponding items in section 2, 5l/g X X X X X
References. e X X X X S
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2 API TECHNICAL REPORT 6F1

Table 2—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 Materia 1. Stainless

2. Soft Iron Stainless

Materials and Gaskets ANSI Flanges

Combinations
1 2
Flange Materia 4130 410 SS
Bolt Material SA 193 B7 SA 453 Gr 660
Gasket Type RTJ RTJ
Gasket Material Carbon Stedl Stainless Stedl

1.2 SIGNIFICANT VARIABLES

Variableswhich are Sgnificant to this problem are asfollows:

1.2.1 Size and Geometry of the Joint

The size will greatly affect the thermal gradient through the
joint, with larger joints having much larger thermal gradient
than smaller joints for a thermal event such as the standard
API Fire Test. However, the larger joints do not get nearly as
hot as the smaller joints for the fire test conditions of this
Technical Report. Figures 1and 2 illustrate this.

1.2.2 Type of Seal

Of particular importance for the seals is the seating load,
the retaining load; amount of pressure energization; whether
the sedl is used in joints that make up face-to-face, or with
standoff; and the gasket material.

1.2.3 Material of Construction

Carbon steel has a thermal conductivity approximately
three times as large as that of austenitic stainless steel, and a
lower thermal expansion coefficient. Thus, the therma
response and preload change of the joints are a very strong
function of the material.

In addition, a critical variable is the yield strength of the
bolts and flange at the high temperature of the test. If alarge
amount of yielding occurs, the remaining preload will be
very small.

1.2.4 Joint Preloads and Internal Pressures

Flanged and clamped joints are normally designed with
preloads based on two considerations: (a) the amount of pre-
load required to seat the sedl, and (b) the amount of preload
required for the gasket retaining load, pressure end loads, and
any externd forces or moments. Joints in which the seating
load is contralling (highest) will tend to have more preload
margin for the pressure and retaining load case and, thus, may
tend to be more leak resistant in the fire test. Further, the AP
Fire Test is at about 75% of the rated pressure. For high pres-
sure connections, this 75% of rated pressure is a very large
number compared to the retaining load. Thus, it might be
expected that higher pressure joints are more resistant to
thefire.

Another consideration is the variability of preload in actual
field joints.
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Figure 2—Average Calculated Temperatures of Various Joints Carbon Steel at 30 MinuBocum ents
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3 Performance of APl and ANSI
End Connections in the Standard Fire
Test of Specification 6FA

3.1 INTRODUCTION

The prediction of whether or not a particular joint will fail
inthefire test is based on the three following considerations:

a Does the joint lose so much preload that it does not have
enough left for the required sedl retaining load?
b. Does the joint get so hot that the bolts or the connection
yied?
¢. Do the BX gaskets have enough elastic “springback” to
keep from unsesting?

Table 3 shows the classification adopted in reporting possi-
ble leakage.

3.2 MAKEUP ASSUMPTIONS

3.2.1 For the ANSI flanges, the assumptions contained in
the ASME Boiler and Pressure Vessel Code (9) regarding
flange makeup were used. The makeup assumption is that the
joint ismade up to abolt load corresponding to the average of
the required and actual bolt area, times the bolt allowable at
room temperature.

3.2.2 For the API flanges, the bolts were assumed to be
made up to one-half the yield strength.

3.2.3 The required makeup clamping load for clamp type
connections is the greater of the gasket seating load and the
gasket retaining load, plus design pressure end load. A posi-
tive angle of friction of 5.7 degrees is used for the makeup
condition. Seating loads and retaining loads for RX gaskets
are shown in Table A-1 of Appendix A.

3.2.4 Tables4 through 6 summarize the findings.

Table 3—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 recommendation of the ASVIE
Boiler and Pressure \lessel Code (BPV). Leakageis possible.

C = Retaining load is less than 50% of the recommendation of the
BPV. Leskageislikely.

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.

3.3 GENERAL PREDICTIONS

3.3.1 The spiral wound stainless steel gaskets have very
high retaining and seating loads. Even though they easily
stand the temperature, it is more difficult to maintain a seal
with them. The RTJ gaskets are better from a retaining-load
standpoint.

3.3.2 The low pressure and small size carbon sted and
4130 joints are the most susceptible to leakage under the no-
flow conditions of the test.

3.3.3 Actud required retaining loads to maintain a sea are
not well known. The ASVIE Boiler and Pressure Viessel Code
requirements are guidelines, but they are likely to be conser-
vative. Mogt joints that are classification B (50% to 100% of
required retaining load) probably won't leak.

Table 4—Classification Summary of
ANSI Carbon Steel Flanges Performance Prediction in
Standard Fire Test

Nominal Pipe Class
Class
Sizein. 150 300 400 600 900
2 F FB — E,C A
21, F F — B A
3 F E, B — C C
3y, F E,B — C —
4 E B B C B
5 F B B C B
6 F B B C B
Spiral 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—probably won't leak.

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

D = BX gasket unseats—Ileakage likely.

E = Boltsyield small amount—Ieakage possible.

F = Boltsyiddlarge amount—leskage |[’Fph cuuments
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