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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, locdl, 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.

This publication will no longer be in effect five years after its publication date as an oper-
ative APl standard or, where an extension has been granted, upon republication. Status of the
publication can be ascertained from the APl Standards Departmment [telephone (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 developed
should be directed in writing to the director, Standards Department, American Petroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005, standards@api.org. Requests for
permission to reproduce or trandate all or any part of the material published herein should be
addressed to the publications manager at publications@api.org.

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 al the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
uctsdo in fact conform to the applicable API standard.

All rights reserved. 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 © 1998, 2000, 2001, 2003 American Petroleum I nstitute
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NOTICE

INSTRUCTIONS FOR SUBMITTING A PROPOSED REVISIONTO
THIS STANDARD UNDER CONTINUOUS MAINTENANCE

This standard is maintained under continuous maintenance procedures by the American
Petroleum Institute for which the Standards Department. These procedures establish a docu-
mented program for regular publication of addenda or revisions, including timely and docu-
mented consensus action on requests for revisions to any part of the standard. Proposed
revisions shal be submitted to the Director, Standards Department, American Petroleum
Institute, 1220 L Street, NW, Washington, D.C. 20005-4070, standards@api .org.
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FOREWORD

This standard is based on the accumulated knowledge and experience of purchasers and
manufacturers of welded steel oil storage tanks of various sizes and capacities for interna
pressures not more than 2%/2 pounds per square inch gauge. This standard is meant to be a
purchase specification to facilitate the manufacture and procurement of storage tanks for the
petroleum industry.

If the tanks are purchased in accordance with this standard, the purchaser is required to
specify certain basic requirements. The purchaser may want to modify, delete, or amplify
sections of this standard, but reference to this standard shall not be made on the nameplates
of or on the manufacturer’s certification for tanks that do not fulfill the minimum require-
ments of this standard or that exceed its limitations. It is strongly recommended that any
modifications, deletions, or amplifications be made by supplementing this standard rather
than by rewriting or incorporating sections of it into another complete standard.

The design rules given in this standard are minimum regquirements. More stringent design
rules specified by the purchaser or furnished by the manufacturer are acceptable when mutu-
ally agreed upon by the purchaser and the manufacturer. This standard is not to be inter-
preted as approving, recommending, or endorsing any specific design or as limiting the
method of design or construction. 00

This standard is not intended to cover storage tanks that are to be erected in areas subject
to regulations more stringent than the specifications in this standard. When this standard is
specified for such tanks, it should be followed insofar as it does not conflict with local
requirements.

After revisions to this standard have been issued, they may be applied to tanks that are
to be completed after the date of issue. The tank nameplate shall state the date of the edi-
tion of the standard and any revision to that edition to which the tank has been designed
and constructed.

Each edition, revision, or addenda to this APl standard may be used beginning with the
date of issuance shown on the cover page for that edition, revision, or addenda. Each edition,
revision, or addendato thisAPI standard becomes effective six months after the date of issu-
ance for equipment that is certified as being rerated, reconstructed, relocated, repaired, mod-
ified (dtered), inspected, and tested per this standard. During the six-month time between
the date of issuance of the edition, revision, or addenda and the effective date, the purchaser
and manufacturer shall specify to which edition, revision, or addenda the equipment isto be
rerated, reconstructed, relocated, repaired, modified (altered), inspected, and tested.

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 expresdy disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

[Paragraph deleted.] | o3

Suggested revisions are invited and should be submitted to the American Petroleum Insti-
tute, 1220 L Street, N.W., Washington, D.C. 20005, standards@api.org.
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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
some APl 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, anong 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, Occupationa Safety and Headlth Standard for Asbestos,
Tremolite, Anthophyllite, and Actinolite, 29 Code of Federal Regulations Section
1910.1001; the U.S. Environmental Protection Agency, Nationad 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 materias 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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Welded Steel Tanks for Oil Storage

1 Scope
1.1 GENERAL

1.1.1 This standard covers material, design, fabrication,
erection, and testing requirements for vertical, cylindrical,
aboveground, closed- and open-top, welded steel storage
tanks in various sizes and capacities for internal pressures
approximating atmospheric pressure (internal pressures not
exceeding the weight of the roof plates), but a higher internal
pressure is permitted when additional requirements are met
(see 1.1.10). This standard applies only to tanks whose entire
bottom is uniformly supported and to tanks in nonrefrigerated
service that have a maximum operating temperature of 90°C
(200°F) (see 1.1.17).

1.1.2 This standard is designed to provide the petroleum
industry with tanks of adequate safety and reasonable econ-
omy for use in the storage of petroleum, petroleum products,
and other liquid products commonly handled and stored by
the various branches of the industry. This standard does not
present or establish a fixed series of allowable tank sizes;
instead, it is intended to permit the purchaser to select what-
ever size tank may best meet his needs. This standard is
intended to help purchasers and manufacturers in ordering,
fabricating, and erecting tanks; it is not intended to prohibit
purchasers and manufacturers from purchasing or fabricating
tanks that meet specifications other than those contained in
this standard.

Note: A bullet (+) at the beginning of a paragraph indicates that there
isan expressed decision or action required of the purchaser. The pur-
chaser’s responsibility is not limited to these decisions or actions
adone. When such decisions and actions are taken, they are to be
specified in documents such as requisitions, change orders, data
sheets, and drawings.

1.1.3 This standard has requirements given in two aternate
systems of units. The requirements are similiar but not identi-
cal. These minor differences are due to issues such as numeri-
ca rounding and materia supply. When applying the
requirements of this standard to a given tank, the manufacturer
shall either comply with all of the requirements given in SI
units or shall comply with all of the requirements given in US
Customary units. The selection of which set of requirements
(Sl or US Customary) shall apply to a given tank shall be by
mutual agreement between the manufacturer and purchaser.

1.1.4 Theappendices of this standard provide a number of
design options requiring decisions by the purchaser, standard
requirements, recommendations, and information that supple-
ments the basic standard. An appendix becomes a require-
ment only when the purchaser specifies an option covered by
that appendix. See|Table 1-1[for the status of each appendix.

Copyright American Petroleum Institute
Reproduced by IHS under license with API

1-1

1.1.5 Appendix A provides aternative simplified design
requirements for tanks where the stressed components, such
as shell plates and reinforcing plates, are limited to a maxi-
mum nominal thickness of 12.5 mm (Y5 in.), including any
corrosion alowance, and to the minimum design metal tem-
peratures stated in the appendix.

1.1.6 Appendix B provides recommendations for the
design and construction of foundations for flat-bottom oil
storage tanks.

1.1.7 Appendix C provides minimum requirements for
pan-type, pontoon-type, and double-deck-type external float-
ing roofs.

1.1.8 Appendix D provides requirements for submission of
technical inquiries on this standard.

1.1.9 Appendix E provides minimum requirements for
tanks subject to seismic loading. An aternative or supple-
mental design may be mutually agreed upon by the manufac-
turer and purchaser.

1.1.10 Appendix F provides requirements for the design of
tanks subject to asmall interna pressure.

1.1.11 Appendix G provides requirements for an optional
aluminum dome roof.

1.1.12 Appendix H provides minimum requirements that
apply to an internal floating roof in atank with afixed roof at
the top of the tank shell.

1.1.13 Appendix | provides acceptable construction details
that may be specified by the purchaser for design and con-
struction of tank and foundation systems that provide leak
detection and subgrade protection in the event of tank bottom
leakage, and provides for tanks supported by grillage.

1.1.14 Appendix J provides requirements covering the
complete shop assembly of tanks that do not exceed 6 m (20
ft) in diameter.

1.1.15 Appendix K provides a sample application of the
variable-design-point method to determine shell-plate thick-
nesses.

1.1.16 Appendix L provides data sheets listing required
information to be used by the purchaser in ordering a storage
tank and by the manufacturer upon completion of construc-
tion of the tank.

1.1.17 Appendix M provides requirements for tanks speci-
fied and designed to operate at temperatures exceeding 90°C
(200°F) but not exceeding 260°C (500°F).
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1-2 APl STANDARD 650

Table 1-1—Status of Appendixes to API Standard 650

Appendix Title Status
A Optional design basis for small tanks Purchaser’s Option
B Recommendationsfor design and construction of foundations ~ Recommendations
for aboveground oil storage tanks
C Externd floating roofs Purchaser’s Option
D Technical inquiries Required Procedures
° E Selsmic design of storage tanks Purchaser’s option
F Design of tanks for small internal pressures Requirements
G Structurally supported aluminum dome roofs Purchaser’s Option
H Internal floating roofs Purchaser’s Option
° | Undertank leak detection and subgrade protection Purchaser’s option
J Shop-assembled storage tanks Requirements
K Sample application of the variable-design-point method to Information
determine shell-plate thickness
L API Standard 650 storage tank data sheets Requirements
M Requirements for tanks operating at elevated temperatures Requirements
N Use of new materialsthat are not identified Requirements
° (0] Recommendation for under-bottom connections Purchaser’s option
° P Allowable external load on tank shell openings Purchaser’s option
S Austenitic stainless steel storage tanks Requirements
Mandatory: Required sections of the standard become mandatory if the standard has
been adopted by a Legal Jurisdiction or if the purchaser and the manufac-
turer choose to make reference to this standard on the nameplate or in the
manufacturer’s certification.
Requirement: The outlined design criteriamust be used unless the purchaser and manu-

facturer agree upon amore stringent alternative design.

Recommendation:

The outlined criteria provides agood acceptable design and may be used at

the option of the purchaser and manufacturer.
e  Purchaser's Option: When the purchaser specifies an option covered by an appendix, the appen-
dix then becomes a requirement.

1.1.18 Appendix N provides requirements for the use of
new or unused plate and pipe materias that are not com-
pletely identified as complying with any listed specification
for use in accordance with this standard.

1.1.19 Appendix O provides recommendations for the
design and construction of under-bottom connections for stor-
agetanks.

1.1.20 Appendix P provides minimum recommendations
for design of shell openings that conform td Table 3-6 that
are subject to externa piping loads. An aternative or sup-
plemental design may be agreed upon by the purchaser or
manufacturer.

1.1.21 Appendix S provides requirements for stainless
steel tanks.

1.1.22 Appendix T summarizes the requirements for
inspection by method of examination and the reference sec-
tions within the standard. The acceptance standards, examiner
qualifications, and procedure requirements are a so provided.
This appendix is not intended to be used alone to determine

Copyright American Petroleum Institute
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the inspection requirements within this standard. The specific
requirements listed within each applicable section shall be
followed in all cases.

1.1.23 Appendix U provides detailed rules for the use of
the ultrasonic examination (UT) method for the examination
of tank seams.

1.2 LIMITATIONS

Therules of this standard are not applicable beyond the follow-
ing limits of piping connected internally or externally to the roof,
shell, or bottom of tanks constructed according to this standard:

a The face of the first flange in bolted flanged connections,
unless coversor blinds are provided as permitted in this standard.
b. The first sealing surface for proprietary connections or
fittings.

c. Thefirst threaded joint on the pipe in a threaded connec-
tion to the tank wall.

d. Thefirst circumferentia joint in welding-end pipe connec-
tionsif not welded to aflange.
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WELDED STEEL TANKS FOR OIL STORAGE 1-3

¢ 1.3 COMPLIANCE

The manufacturer is responsible for complying with all
provisions of this standard. Inspection by the purchaser’'s
inspector (the term inspector as used herein) does not negate
the manufacturer’s obligation to provide quality control and
inspection necessary to ensure such compliance.

14 REFERENCED PUBLICATIONS

The following standards, codes, specifications, and publi-
cations are cited in this standard. The most recent edition
shall be used unless otherwise specified.

API

Spec 5L Specification for Line Pipe

Std620 Design and Construction of Large, Welded,
Low-Pressure Sorage Tanks

RP651  Cathodic Protection of Aboveground Petroleum
Sorage Tanks

RP 652  Lining of Aboveground Petroleum Storage Tank
Bottoms

Std 2000 \enting Atmospheric and Low-Pressure Sorage
Tanks (Nonrefrigerated and Refrigerated)

RP 2003 Protection Against Ignitions Arising Out of

Satic, Lightning, and Sray Currents

Publ 2026 Safe Access/Egress Involving Floating Roofs of
Storage Tanks in Petroleum Service

RP 2350 Overfill Protection for Storage Tanks in Petro-
leum Facilities
AAl
Aluminum Design Manual
Aluminum Standards and Data
Soecifications for Aluminum Sheet Metal Work
in Building Construction
ACI2
318 Building Code Requirements for Reinforced
Concrete (ANSI/ACI 318)
350 Environmental Engineering Concrete Sructures
AISC3

Manual of Seel Construction, Allowable Sress
Design

1The Aluminum Association Inc., 900 19th Street, N.W., Washing-
ton, D.C. 20006, www.a uminum.org.

2American Concrete Ingtitute, PO. Box 19150, Detroit, Michigan
48219-0150, www.aci-int.org.

3American Institute of Steel Construction, One East Wacker Drive,
Suite 3100, Chicago, Illinois 60601-2001, www.aisc.org.
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AlS|4
T-192 Sed Plate Engineering Data Series—Useful
Information—Design  of Plate Structures,
\olumes| & 11
ASCE>

ASCE $td. 7-93 Minimum Design Loads for Buildings
and other Structures

ASMES
B1.20.1 Pipe Threads, General Purpose (Inch)
(ANSI/ASME B1.20.1)
B16.1 Cast Iron Pipe Flanges and Flanged Fit-
tings (ANSI/ASME B16.1)
B16.5 Pipe Flanges and Flanged Fittings
(ANSI/ASME B16.5)
B16.47 Large Diameter Steel Flanges. NPS 26
Through NPS60 (ANSI/ASME B16.47)
B96.1 Welded AluminumAlloy Storage Tanks
(ANSI/ASME B96.1)
Boiler & Pressure lessel Code, Section V,
“Nondestructive Examination”; Section
VIII, “Pressure Vessels” Division 1; and
Section 1X, “Welding and Brazing
Quadlifications’
ASNT?

RP SNT-TC-1A Personnel Qualification and Certification
in Nondestructive Testing

ASTM8

A 6M/A 6 General Requirements for Rolled Steel
Plates, Shapes, Sheet Piling, and Bars for
Sructural Use

A 20M/A 20 General Regquirements for Seel Plates
for Pressure Vlessels

A 27TM/A 27  Seel Castings, Carbon, for General
Application

A 36M/A 36  Structural Seel

A 53 Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated Welded and Seamless

A 105M/A 105 Forgings, Carbon Seel, for Piping
Components

4American Iron and Steel Institute, 1101 17th Street, N.W.,
Suite 1300, Washington, D.C. 20036-4700, www.steel .org.
SAmerican Society of Civil Engineers, 1801 Alexander Bell Drive,
Reston, VA 20191-4400, www.asce.org.

6ASME International, 3 Park Avenue, New York, New York 10016-
5990, www.asme.org.

7American Society for Nondestructive Testing, 1711 Arlingate Lane,
Columbus, Ohio 43228-0518, www.asnt.org.

8ASTM, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania
19428-2959, www.astm.org.
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A 106 Seamless Carbon Steel Pipe for High-

Temperature Service
A 131M/A 131 Sructural Seel for Ships

A 181M/A 181 Forgings, Carbon Seel, for General-Pur-
pose Piping

A 182M/A 182 Forged or Rolled Alloy-Seel Pipe
Flanges, Forged Fittings, and Valves and
Parts for High-Temperature Service

A 193M/A 193 Alloy-Steel and Stainless Seel Bolting
Materials for High-Temperature Service

A 194M/A 194 Carbon and Alloy Steel Nuts for Bolts for
High-Pressure and High-Temperature
Service

A 213M/A 213 Seamless Ferritic and Austenitic Alloy-
Seel Boiler, Superheater, and Heat-
Exchanger Tubes

A 216M/A 216 Standard Specifications for Steel Castings
for High-Temperature Service

A 234M/A 234 Piping Fittings of Wrought Carbon Steel
and Alloy Seel for Moderate and High-
Temperature Service

A 240M/A 240 Heat-Resisting Chromium and Chromium-
Nickel Sainless Sedl Plate, Sheet, and
Strip for Pressure Viessels

A 276 Sainless Seel Bars and Shapes

A 283M/A 283 Low and Intermediate Tensile Srength
Carbon Seel Plates

A 285M/A 285 Pressure \Viessel Plates, Carbon Sedl, Low-
and Intermediate-Tensile Srength

A 307 Carbon Steel Bolts and Studs, 60,000 psi
Tensile Strength

A 312M/A 312 Seamless and Welded Austenitic Stainless
Seel Pipes

A 320M/A 320 Alloy Steel Bolting Materialsfor Low-Tem-
perature Service

A 333M/A 333 Seamless and Welded Sedl Pipe for Low-
Temperature Service

A 334M/A 334 Seamless and Welded Carbon and Alloy-
Seel Tubesfor Low-Temperature Service

A 350M/A 350 Forgings, Carbon and Low-Alloy Sted,
Requiring Notch Toughness Testing for
Piping Components

A 351M/A 351 Castings, Austenitic, Austenitic-Ferritic
(Duplex), for Pressure-Containing Parts

A 358M/A 358 Electric-Fusion-Welded Austenitic Chro-
mium-Nickel Alloy Seel Pipe for High-
Temperature Service

Copyright American Petroleum Institute
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A 370 Test Methods and Definitions for Mechani-
cal Testing of Seel Products

A 380 Cleaning, Descaling, and Passivation of
Sainless Sed Parts, Equipment, and
Systems

A 403M/A 403 Wrought Austenitic Stainless Steel Piping
Fittings

A 420M/A 420 Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Low-Temperature
Service

A 479M/A 479 Sainless Seel Barsand Shapesfor Usein
Boilersand Other Pressure \lessels

A 480M/A 480 Flat-Rolled Stainless and Heat-Resisting
Sedl Plate, Sheet, and Srip

A 516M/A 516 Pressure Vessel Plates, Carbon Sed, for
Moderate- and Lower-Temperature Service

Seamless Carbon Steel Pipe for Atmo-
spheric and Lower Temperatures

A 537M/A 537 Pressure \essel Plates, Heat-Treated,
Carbon-Manganese-Slicon Seel

A 524

[Reference deleted.]

A 573M/A 573 Sructural Carbon Sed Plates of
Improved Toughness

A 633M/A 633 Normalized High-Srength  Low-Alloy
Structural Seel

A 662M/A 662 Pressure \essel Plates, Carbon-Manga-
nese, for Moderate and Lower
Temperature Service

Electric-Fusion-Welded Steel Pipe for
Atmospheric and Lower Temperatures

A 678M/A 678 Quenched and Tempered Carbon-Seel
and High-Srength Low-Alloy Steel Plates
for Sructural Applications

A 737M/A 737 Pressure Vessel Plates, High-Strength,
Low-Alloy Steel

A 841M/A 841 Sandard Specification for Sedl Plates for
Pressure \lessels, Produced by the Thermo-
Mechanical Control Process (TMCP)

A 924M/A 924 General Requirements for Seel Shest,
Metallic-Coated by the Hot-Dip Process

A 992M/A 992 Sedl for Sructural Shapes for Use in
Building Framing

A 1011M/A 1011 Standard Specification for Steel, Sheet
and Strip, Hot-rolled, Carbon, Struc-
tural, High-strength Low-alloy and
High-strength Low-alloy with Improved
Formability

A 671
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WELDED STEEL TANKS FOR OIL STORAGE 1-5

Cc273 Method for Shear Test in Flatwise Plane
of Flat Sandwich Constructions or Sand-
wich Cores

© C509 Cellular Elastomeric Preformed Gasket
: and Sealing Material
. D1621  Test Method for Compressive Properties of
Rigid Cellular Plastics
D 1622 Test Method for Apparent Density of Rigid
Céllular Plastics (ANSI/ASTM D1622)
D 2341 Rigid Urethane Foam
D 2856 Test Method for Open Cell Content of Rigid
Cdlular Plastics by the Air Pycnometer
D 3453 Flexible Cellular Materials—Urethane for
Furniture and Automotive Cushioning, Bed-
ding, and Smilar Applications

E84 Test Method for Surface Burning Characteris-

tics of Building Materials

E 96 Test Methods for Water Vapor Transmission of

Materials
AWS?
A5.1 Foecification for Carbon Seel Covered Arc-
Welding Electrodes
A55 Soecification for Low-Alloy Steel Covered
Arc-Welding Electrodes
D1.2 Sructural Welding Code—Aluminum

9American Welding Society, 550 N.W. LeJeune Road, Miami, Flor-
ida 33135, www.aws.org.

csAalo
G40.21-M  Structural Quality Steels
Supplement to National Building Code of Canada

1SO1t
630 Sructural Seels
NFPA12
11 Standard for Low-Expansion Foam
30 Flammable and Combustible Liquids Code

U.S. Federal Specifications!3
TT-S-00230C Sealing Compound Elastomeric Type, Sin-
gle Component for Caulking, Sealing, and
Glazing in Buildings and Other Sructures

ZZ-R-765C  Rubber, Slicone (General Joecification)
WRC4
Bull 297 Local Sressesin Cylindrical Shells Dueto

External Loadings—Supplement to WRC
Bulletin No. 107

OCanadian Standards Association, 178 Rexdale Boulevard,
Rexdale, Ontario MOW 1R3, www.csa.ca.

nternational Organization for Standardization. 1SO publications
can be obtained from the American National Standards Institute
(ANSI) and national standards organizations such as the British
Standards Institute (BSl), Japanese Industriad Standards (JIS), and
Deutsches Institut fuer Normung [German Ingtitute for Standardiza-
tion (DIN)], www.iso.ch.

12NFPA International, 1 Batterymarch Park, Quincy, MA
02269-9101, www.nfpa.org.

Bgpecifications Unit (WFSIS), 7th and D Streets, N.W., Washing-
ton, D.C. 20407.

14The Welding Research Council, 3 Park Avenue, 27th Floor, New
York, NY 10016-5902, www.forengineers.org.
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SECTION 2—MATERIALS

2.1 GENERAL

2.1.1 Materials used in the construction of tanks shall con-
form to the specifications listed in this section, subject to the
modifications and limitations indicated in this standard.
Material produced to specifications other than those listed in
this section may be employed, provided that the materia is
certified to meet al of the requirements of a material specifi-
cation listed in this standard and the materia’s use is
approved by the purchaser. The manufacturer’s proposal shall
identify the material specifications to be used.

2.1.2  When any new or unused plate and pipe material can-
not be completely identified by records that are satisfactory to
the purchaser as material conforming to a specification listed
in this standard, the material or product may be used in the
construction of tanks covered by this standard only if the
material passes the tests prescribed in Appendix N.

2.1.3 When atank is designed to the requirements of this
standard using plate material from Group-I through
Group-I11A steels, the tank manufacturer responsible for
any proposed material substitution to use Group-1V
through Group-V|I steels must:

a Maintain dl of the original design criteria for the lower
stress Group-1 through Group 111A steels.
b. Obtain the prior written approval of the purchaser.
c. Ensure that al of the design, fabrication, erection and
inspection requirements for the material being substituted
will meet the lower stress Group-1 through Group 1A speci-
fications for itemsincluding but not limited to:

1. Material properties and production process methods.

2. Allowable stress levels.

3. Notch toughness.

4. Welding procedures and consumables.

5. Thermal stressrelief.

6. Temporary and permanent attachment details and

procedures.

7. Nondestructive examinations.

d. Include the pertinent information in the documents pro-
vided to the purchaser, including a certification statement that
the substituted material fully complies with 2.1.3 in dll
respects, and provide al other records covered by the work
processes applied to the material such asimpact testing, weld
procedures, nondestructive examinations, and heat treatments.

2.1.4 Where materials of construction are used that are cer-
tified to two or more materia specifications, the material
specification chosen for the design calculations shall also be
used consistently in the application of al other provisions of
this standard. The purchaser shall be notified of this choice
and receive confirmation that the material fully complieswith
the chosen material specification in all respects.
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2.2 PLATES
2.2.1 General

2.2.1.1 Except as otherwise provided for in 2.1, plates
shall conform to one of the specifications listed in 2.2.2
through 2.2.5, subject to the modifications and limitationsin
this standard.

2.2.1.2 Platefor shells, roofs, and bottoms may be ordered
on an edge-thickness basis or on a weight [kg/m? (Ib/ft2)]
basis, as specified in 2.2.1.2.1 through 2.2.1.2.3.

2.2.1.2.1 The edge thickness ordered shall not be less than
the computed design thickness or the minimum permitted
thickness.

2.2.1.2.2 Theweight ordered shal be great enough to pro-
vide an edge thickness not less than the computed design
thickness or the minimum permitted thickness.

2.2.1.2.3 Whether an edge-thickness or a weight basis is
used, an underrun not more than 0.25 mm (0.01 in.) from the
computed design thickness or the minimum permitted thick-
nessis acceptable.

2.2.1.3 All plates shall be manufactured by the open-
hearth, electric-furnace, or basic oxygen process. Steels pro-
duced by the thermo-mechanical control process (TMCP)
may be used, provided that the combination of chemical com-
position and integrated controls of the steel manufacturing is
mutually acceptable to the purchaser and the manufacturer,
and provided that the specified mechanical properties in the
required plate thicknesses are achieved. Copper-bearing steel
shall be used if specified by the purchaser.

2.2.1.4 Shell plates are limited to a maximum thickness of
45 mm (1.75 in.) unless a lesser thickness is stated in this
standard or in the plate specification. Plates used as inserts or
flanges may be thicker than 45 mm (1.75 in.). Plates thicker
than 40 mm (1.5in.) shall be normalized or quench tempered,
killed, made to fine-grain practice, and impact tested.

2.2.2 ASTM Specifications

Plates that conform to the following ASTM specifications
are acceptable as long as the plates are within the stated
limitations:

a. ASTM A 36M/A 36 for plates to a maximum thickness of
40 mm (1.5 in.). None of the specifications for the appurte-
nant materials listed in Table 1 of ASTM A 36M/A 36 are
considered acceptable for tanks constructed under this stan-
dard unless it is expressy stated in this standard that the
specifications are acceptable.

b. ASTM A 131M/A 131, GradeA, for platesto a maximum
thickness of 12.5 mm (0.5in.); Grade B for platesto a maxi-
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Thickness, including corrosion allowance
Notes:
1. The Group Il and Group V lines coincide at thicknesses less than 12.5 mm (/5 in.).
2. The Group Ill and Group IlA lines coincide at thicknesses less than 12.5 mm (1/ in.).
3. The materials in each group are listed in|Table 2-3)
4. This figure is not applicable to controlled-rolled plates (see 2.2.7.4).
5. Use the Group IIA and Group VIA curves for pipe and flanges (see 2.5.5.2 and 2.5.5.3).

Figure 2-1—Minimum Permissible Design Metal Temperature for Materials Used in Tank Shells
Without Impact Testing

mum thickness of 25 mm (1 in.); Grade CS for plates to a
maximum thickness of 40 mm (1.5 in.) [insert plates and
flanges to a maximum thickness of 50 mm (2 in.)]; and
Grade EH36 for plates to a maximum thickness of 45 mm
(1.75in.) [insert plates and flanges to a maximum thickness
of 50 mm (2in.)].

c. ASTM A 283M/A 283, Grade C, for plates to a maximum
thickness of 25 mm (1in.).

d. ASTM A 285M/A 285, Grade C, for plates to a maximum
thickness of 25 mm (1in.).

e. ASTM A 516M Grades 380, 415, 450, 485/A 516,
Grades 55, 60, 65, and 70, for plates to a maximum
thickness of 40 mm (1.5in.) [insert plates and flanges to
a maximum thickness of 100 mm (4 in.)].

f. ASTM A 537M/A 537, Class 1 and Class 2, for platesto a
maximum thickness of 45 mm (1.75 in.) [insert plates to a
maximum thickness of 200 mm (4 inches)].

Copyright American Petroleum Institute
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g. ASTM A 573M Grades 400, 450, 485/A 573, Grades 58,
65, and 70, for plates to a maximum thickness of 40 mm
(L5in.).

h. ASTM A 633M/A 633, Grades C and D, for plates to a
maximum thickness of 45 mm (1.75 in.) [insert plates to a
maximum thickness of 100 mm (4.0in.)].

i. ASTM A 662M/A 662, Grades B and C, for plates to a
maximum thickness of 40 mm (1.5in.).

j- ASTM A 678M/A 678, Grade A, for platesto a maximum
thickness of 40 mm (1.5 in.) [insert plates to a maximum
thickness of 65 mm (2.5 in.)] and Grade B for plates to a
maximum thickness of 45 mm (1.75 in.) [insert plates to a
maximum thickness of 65 mm (2.5 in.)]. Boron additions are
not permitted.
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WELDED STEEL TANKS FOR OIL STORAGE

k. ASTM A 737M/A 737, Grade B, for plates to a maximum
thickness of 40 mm (1.5in.).

|. ASTM A 841M/A 841 for plates to a maximum thickness
of 40 mm (1.5 in.) [insert plates to a maximum thickness of
65 mm (2.5in.)].

2.2.3 CSA Specifications

Plate furnished to CSA G40.21-M in Grades 260W, 300W,
and 350W is acceptable within the limitations stated below.
(If impact tests are required, Grades 260W, 300W, and 350W
are designated as Grades 260WT, 300WT, and 350WT,
respectively.) Imperial unit equivalent grades of CSA Specifi-
cation G40.21 are a so acceptable.

a. TheW grades may be semikilled or fully killed.

b. Fully killed steel made to fine-grain practice must be spec-
ified when required.

c. Elementsadded for grain refining or strengthening shall be
restricted in accordance with Table 2-1.

d. Plates shall have tensile strengths that are not more than
140 MPa (20 ksi) above the minimum specified for the grade.
e. Grades 260W and 300W are acceptable for plate to a max-
imum thickness of 25 mm (1 in.) if semikilled and to a
maximum thickness of 40 mm (1.5 in.) if fully killed and
made to fine-grain practice.

f. Grade 350W is acceptable for plate to a maximum thick-
ness of 45 mm (1.75 in.) [insert plates to a maximum
thickness of 50 mm (2 in.)] if fully killed and made to fine-
grain practice.

2.2.4 ISO Specifications

Plate furnished to 1SO 630 in Grades E 275 and E 355 is
acceptable within the following limitations:

a Grade E 275 in Qualities C and D for plate to a maximum
thickness of 40 mm (1.5 in.) and with a maximum manganese
content of 1.5% (hest).

b. Grade E 355 in Qualities C and D for plate to a maximum
thickness of 45 mm (1.75 in.) [insert plates to a maximum
thickness of 50 mm (2in.)].

2.2.5 National Standards

Plates produced and tested in accordance with the require-
ments of a recognized national standard and within the
mechanical and chemical limitations of one of the grades
listed in| Table 2-2 Jare acceptable when approved by the pur-
chaser. The requirements of this group do not apply to the
ASTM, CSA, and ISO specifications listed in 2.2.2, 2.2.3,
and 2.2.4. For the purposes of this standard, a national stan-
dard isastandard that has been sanctioned by the government
of the country from which the standard originates.

Copyright American Petroleum Institute
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2-3
Table 2-1—Maximum Permissible Alloy Content
HeatAnaysis

Alloy (percent) Notes
Columbium 0.05 1,23
Vanadium 0.10 1,24
Columbium (< 0.05%) plus 0.10 1,23

vanadium

Nitrogen 0.015 1,2, 4
Copper 0.35 1,2
Nickel 0.50 1,2
Chromium 0.25 1,2
Molybdenum 0.08 1,2
1. When the use of these alloys or combinations of them is not

included in the material specification, their use shall be at the option
of the plate producer, subject to the approval of the purchaser. These
elements shall be reported when requested by the purchaser. When
morerestrictive limitations areincluded in the materia specification,
those shall govern.

2. On product analysis, the material shall conform to these require-
ments, subject to the product analysis tolerances of the specification.
3. When columbium is added either singly or in combination with
vanadium, it shall be restricted to plates of 12.5 mm (0.50 in.) maxi-
mum thickness unless combined with 0.15% minimum silicon.

4. When nitrogen (< 0.015%) is added as a supplement to vanadium,
it shall be reported, and the minimum ratio of vanadium to nitrogen
shdl be4:1.

2.2.6 General Requirements for Delivery

2.2.6.1 The material furnished shall conform to the
applicable requirements of the listed specifications but is
not restricted with respect to the location of the place of
manufacture.

2.2.6.2 Thismaterial isintended to be suitable for fusion
welding. Welding technique is of fundamental importance,
and welding procedures must provide welds whose strength
and toughness are consistent with the plate material being
joined. All welding performed to repair surface defects
shall be done with low-hydrogen welding electrodes com-
patible in chemistry, strength, and quality with the plate
material.

2.2.6.3 When specified by the plate purchaser, the sted
shall be fully killed. When specified by the plate purchaser,
fully killed steel shal be made to fine-grain practice.

2.2.6.4 For plate that is to be made to specifications that
[imit the maximum manganese content to less than 1.60%,
the limit of the manganese content may be increased to
1.60% (heat) at the option of the plate producer to maintain
the reguired strength level, provided that the maximum car-
bon content is reduced to 0.20% (heat) and the weldability of
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Table 2-2—Acceptable Grades of Plate Material Produced to National Standards (See 2.2.5)

Mechanical Properties

Chemical Composition

Maximum
; Minimum Maximum Percent
Tensil ha X .
ensle Strengt Yield Maximum Percent Phosphorus and
Minimum¢ Maximum StrengthC Thickness Carbon Sulfur
Grade® MPa ks MPa ks MPa ks mm in. Heat Product Heat Product
235d 360 52 510 74 235 34 20 0.75 0.20 0.24 0.04 0.05
250 400 58 530 77 250 36 40 15 023 027 0.04 0.05
275 430 62 560 81 275 40 40 15 025 029 0.04 0.05

aThe location and number of test specimens, elongation and bend tests, and acceptance criteria are to be in accordance with the

appropriate national standard, 1SO standard, or ASTM specification.

bSemikilled or fully killed quality; asrolled, controlled-rolled or TMCP [20 mm (0.75 in.) maximum when controlled-rolled steel

or TMCPisused in place of normalized steel], or normalized.

CYield strength + tensile strength < 0.75, based on the minimum specified yield and tensile strength unless actual test values are

required by the purchaser.
dNonrimming only.

the plateis given consideration. The material shall be marked
“Mod” following the specification listing. The material shall
conform to the product analysis tolerances of Table B in
ASTM A 6M/A 6.

2.2.6.5 The use or presence of columbium, vanadium,
nitrogen, copper, nickel, chromium, or molybdenum shall not
exceed the limitations of [Table 2-Lfor all Group VI materials
(see|Table 2-3) and 1SO 630, Grade E 355.

2.2.7 Heat Treatment of Plates

2.2.7.1 When specified by the plate purchaser, fully killed
plates shal be heat treated to produce grain refinement by
either normalizing or heating uniformly for hot forming. If
the required treatment is to be obtained in conjunction with
hot forming, the temperature to which the plates are heated
for hot forming shall be equivalent to and shall not signifi-
cantly exceed the normalizing temperature. If the treatment of
the plates is not specified to be done at the plate producer’s
plant, testing shall be carried out in accordance with 2.2.7.2.

2.2.7.2 When a plate purchaser elects to perform the
required normalizing or fabricates by hot forming (see
2.2.7.1), the plates shall be accepted on the basis of mill tests
made on full-thickness specimens heat treated in accordance
with the plate purchaser’s order. If the hest-treatment temper-
atures are not indicated on the purchase order, the specimens
shall be heat treated under conditions considered appropriate
for grain refinement and for meeting the test requirements.
The plate producer shall inform the plate purchaser of the
procedure followed in treating the specimens at the steel mill.

2.2.7.3 On the purchase order, the plate purchaser shall
indicate to the plate producer whether the producer shall per-
form the hesat treatment of the plates.

Copyright American Petroleum Institute
Reproduced by IHS under license with API

e 2.2.7.4 Subject to the purchaser's approval, controlled-

rolled plates (plates produced by a mechanical-therma roll-
ing process designed to enhance notch toughness) may be
used where normalized plates are required. Each controlled-
rolled plate shal receive Charpy V-notch impact energy test-
ing in accordance with 2.2.8, 2.2.9, and 2.2.10. When con-
trolled-rolled steels are used, consideration should be given to
the service conditions outlined in 3.3.3.

2.2.7.5 The tensle tests shall be performed on each plate
as heat treated.

2.2.8 Impact Testing of Plates

e 2.2.8.1 When required by the purchaser or by 2.2.7.4 and

2.2.9, a st of Charpy V-notch impact specimens shall be
taken from plates after heat treatment (if the plates have been
hest treated), and the specimens shall fulfill the stated energy
requirements. Test coupons shall be obtained adjacent to a
tension-test coupon. Each full-size impact specimen shall
have its central axis as close to the plane of one-quarter plate
thickness as the plate thickness will permit.

2.2.8.2 When it is necessary to prepare test specimens
from separate coupons or when plates are furnished by the
plate producer in a hot-rolled condition with subsequent heat
treatment by the fabricator, the procedure shall conform to
ASTM A 20.

2.2.8.3 Animpact test shall be performed on three speci-
mens taken from a single test coupon or test location. The
average value of the specimens (with no more than one spec-
imen value being less than the specified minimum value)
shall comply with the specified minimum value. If more than
one value is less than the specified minimum value, or if one
value is less than two-thirds the specified minimum value,
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three additional specimens shall be tested, and each of these
must have a value greater than or equal to the specified mini-
mum value.

2.2.8.4 Thetest specimens shall be Charpy V-notch TypeA
specimens (see ASTM A 370), with the notch perpendicular
to the surface of the plate being tested.

2.2.8.5 For aplate whose thicknessisinsufficient to permit
preparation of full-size specimens (10 mm x 10 mm), tests
shall be made on the largest subsize specimens that can be
prepared from the plate. Subsize specimens shal have a
width along the notch of at least 80% of the material thick-
ness.

2.2.8.6 The impact energy values obtained from subsize
specimens shall not be less than values that are proportional
to the energy values required for full-size specimens of the
same material.

2.2.8.7 The testing apparatus, including the caibration of
impact machines and the permissible variations in the temper-
ature of specimens, shall conform to ASTM A 370 or an
equivalent testing apparatus conforming to national standards
or 1SO standards.

2.2.9 Toughness Requirements

2.2.9.1 The thickness and design meta temperature of all
shell plates, shell reinforcing plates, shell insert plates, bottom
plates welded to the shell, plates used for manhole and nozzle
necks, plate-ring shell-nozzle flanges, blind flanges,_and man-
hole cover plates shall be in accordance with
Notch toughness evaluation of plate-ring flanges, blind
flanges, and manhole cover plates shall be based on “govern-
ing thickness’ as defined in 2.5.5.3. In addition, plates more
than 40 mm (1.5in.) thick shall be of killed steel made to fine-
grain practice and heat treated by normalizing, normalizing
and tempering, or quenching and tempering, and each plate as
heat treated shall be impact tested according to 2.2.10.2. Each
TMCP A 841 plate shall be impact tested according to

2.2.10.2 when used at design metd te lower than
the minimum temperatures indicated in|Figure 2—1]

2.2.9.2 Plates less than or equa to 40 mm (1.5 in.) thick,
except controlled-rolled plates (see 2.2.7.4), may be used at or

above the design metal temperatures indicated in|Figure 2-1

without being impact tested. To be used at design metal tem-
peratures lower than the minimum temperatures indicated in
Figure 2-1, plates shall demonstrate adequate notch toughness
in accordance with 2.2.10.3 unless 2.2.10.2 or 2.2.10.4 has
been specified by the purchaser. For heat-treated material,
notch toughness shall be demonstrated on each plate as heat
treated when 2.2.10.2 requirements are specified.

2.2.9.3 Unless experience or specia loca conditions jus-
tify another assumption, the design metal temperature shall

Copyright American Petroleum Institute
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be assumed to be 8°C (15°F) above the lowest one-day mean
ambient temperature of the locality where the tank is to be
installed. Isothermal lines of lowest one-day mean tempera-

tures are shown in|Figure 2-2.| The temperatures are not

related to refrigerated-tank temperatures (see 1.1.1).

2.2.9.4 Plate used to reinforce shell openings and insert
plates shall be of the same material asthe shell plate to which
they are attached or shall be of any appropriate material listed
in|Table 2-3 ]an Figure 2—1[ Except for nozzle and manway
necks, the material shall be of equal or greater yield and ten-
sile strength and shall be compatible with the adjacent shell
material (see2.2.9.1and 3.7.2.2, item €).

2.2.9.5 The requirements in 2.2.9.4 apply only to shell
nozzles and manholes. Materials for roof nozzles and man-
holes do not require specia toughness.

2.2.10 Toughness Procedure

2.2.10.1 When amateria’s toughness must be determined,
it shall be done by one of the procedures described in 2.2.10.2
through 2.2.10.4, as specified in 2.2.9.

2.2.10.2 Eachplateasrolled or heat treated shall be impact
tested in accordance with 2.2.8 at or below the design metal
temperature to show Charpy V-notch longitudinal (or trans-

verse) values that fulfill the minimum requirements of

[2-4|(see 2.2.8 for the minimum values for one specimen and
for subsize specimens). As used here, the term plate as rolled
refers to the unit plate rolled from a slab or directly from an
ingot in its relation to the location and number of specimens,
not to the condition of the plate.

2.2.10.3 Thethickest plate from each heat shall be impact
tested in accordance with 2.2.8 and shall fulfill the impact
requirements of 2.2.10.2 at the design metal temperature.

2.2.10.4 The manufacturer shall submit to the purchaser
test datafor plates of the material demonstrating that based on
past production from the same mill, the material has provided
the required toughness at the design metal temperature.

2.3 SHEETS

Sheets for fixed and floating roofs shall conform to ASTM
A 1011M/A 1011, Grade 33. They shall be made by the open-
hearth or basic oxygen process. Copper-bearing steel shall be
used if specified on the purchase order. Sheets may be
ordered on either a weight or a thickness basis, at the option
of the tank manufacturer.

2.4 STRUCTURAL SHAPES
2.4.1  Structural steel shall conform to one of the following:

a ASTM A 36M/A 36.
b. ASTM A 131M/A 131.

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

los



2-6

APl STANDARD 650

Table 2-3a—Material Groups, Sl Units (See[Figure 2-1/and Note 1 Below)

Group | Group I Group 111 Group I1A
AsRolled, AsRolled, AsRolled, Killed Normalized, Killed
Semikilled Killed or Semikilled Fine-Grain Practice Fine-Grain Practice
© Materia Notes Material Notes Material Notes Material Notes
A 283M C 2 A 131IM B 7 A 573M-400 A 131M CS
A 285M C 2 A 36M 2,6 A 516M-380 A 573M-400 10
A iSlM A 2 G40.21M-260W A 516M-415 A 516M-380 10
A 36M 2,3 Grade 250 5,8 G40.21M-260W 9 A 516M-415 10
00) Grade235 3,5 Grade 250 59 G40.21M-260W 9,10
Grade 250 6 Grade 250 5,9, 10
Group VI
Normalized or
Group IV Group IVA GroupV Quenched and Tempered,
AsRoalled, Killed AsRoalled, Killed Normalized, Killed Killed Fine-Grain Practice
Fine-Grain Practice Fine-Grain Practice Fine-Grain Practice Reduced Carbon
Material Notes Material Notes Material Notes Material Notes
A 573M-450 A 662M C A 573M-485 10 A 131M EH 36
A 573M-485 A 573M-485 11 A 516M-450 10 A 633M C
A 516M-450 G40.21M-300W 911 A 516M-485 10 A 633M D
00 A 516M-485 G40.21M-350W 911 G40.21M-300W 9,10 A 537M Class 1
A 662M B G40.21M-350W 9,10 A 537M Class 2 13
G40.21M-300W A 678M A
G40.21M-350W A 678M B 13
08 E 275 4,9 A 737M B
E 355 9 A 841 12,13
00] Grade275 59
Notes:
1. Most of thelisted material specification numbersrefer to ASTM specifications (including Grade or Class); there are, how-
98 ever, some exceptions: G40.21M (including Grade) isa CSA specification; Grades E 275 and E 355 (including Quality) are
01 contained in 1SO 630; and Grade 235, Grade 250, and Grade 275 are related to national standards (see 2.2.5).
2. Must be semikilled or killed.
00] 3. Thickness< 20 mm.
4. Maximum manganese content of 1.5%.
5. Thickness 20 mm maximum when controlled-rolled steel is used in place of normalized steel.
6. Manganese content shall be 0.80-1.2% by heat analysis for thicknesses greater than 20 mm, except that for each reduction
of 0.01% below the specified carbon maximum, an increase of 0.06% manganese above the specified maximum will be per-
00] mitted up to the maximum of 1.35%. Thicknesses < 20 mm shall have amanganese content of 0.8-1.2% by heat analysis.

7.
8.
0.
10.
11

12.
13.

Copyright American Petroleum Institute
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Thickness < 25 mm.

Must be killed.

Must be killed and made to fine-grain practice.
Must be normalized.

Must have chemistry (heat) modified to a maximum carbon content of 0.20% and a maximum manganese content of 1.60%
(see2.2.6.4).

Produced by the thermo-mechanical control process (TMCP).
See 3.7.4.6 for tests on simulated test coupons for material used in stress-relieved assemblies.
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WELDED STEEL TANKS FOR OIL STORAGE 2-7
Table 2-3b—Material Groups, US Customary Units (See [Figure 2-1|and Note 1 Below)
Group | Group I Group 111 Group I11A
AsRolled, AsRolled, AsRolled, Killed Normalized, Killed
Semikilled Killed or Semikilled Fine-Grain Practice Fine-Grain Practice
Material Notes Materia Notes Materia Notes Material Notes
A283C 2 A131B 7 A 573-58 A 131CS
A285C 2 A 36 2,6 A 516-55 A 573-58 10
A131A 2 G40.21M-260W A 516-60 A 516-55 10 00
A 36 2,3 Grade 250 5,8 G40.21M-260W 9 A 516-60 10
Grade 235 3,5 Grade 250 59 G40.21M-260W 9,10
Grade 250 6 Grade 250 5,9, 10
Group VI
Normalized or
Group IV Group IVA GroupV Quenched and Tempered,
AsRalled, Killed AsRalled, Killed Normalized, Killed Killed Fine-Grain Practice
Fine-Grain Practice Fine-Grain Practice Fine-Grain Practice Reduced Carbon
Material Notes Materia Notes Materia Notes Material Notes
A 573-65 A 662C A 573-70 10 A 131EH 36
A 573-70 A 573-70 11 A 516-65 10 AB33C
A 516-65 G40.21M-300W 911 A 516-70 10 A 633D
A 516-70 G40.21M-350W 911 G40.21M-300W 9,10 A 537 Class 1
A 662 B G40.21M-350W 9,10 A 537 Class 2 13 00
G40.21M-300W A 678A
G40.21M-350W A 678B 13
E 275 4,9 A737B 08
E 355 9 A 841 12,13
Grade 275 59
Notes:
1. Most of thelisted material specification numbersrefer to ASTM specifications (including Grade or Class); there are, how-
ever, some exceptions. G40.21M (including Grade) isa CSA specification; Grades E 275 and E 355 (including Quality) are 98
contained in 1SO 630; and Grade 235, Grade 250, and Grade 275 are related to national standards (see 2.2.5). 01
2. Must be semikilled or killed.
3. Thickness< 0.75in. joo
4. Maximum manganese content of 1.5%.
5. Thickness 0.75 in. maximum when controlled-rolled steel is used in place of normalized steel.
6. Manganese content shall be 0.80-1.2% by heat analysisfor thicknesses greater than 0.75 inch, except that for each reduction
of 0.01% below the specified carbon maximum, an increase of 0.06% manganese above the specified maximum will be per-
mitted up to the maximum of 1.35%. Thicknesses< 0.75 in. shall have a manganese content of 0.8-1.2% by heat analysis. joo

7.
8.
9.
10.
11

12.
13.

Copyright American Petroleum Institute
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Thickness< 1inch.

Must be killed.

Must be killed and made to fine-grain practice.
Must be normalized.

Must have chemistry (heat) modified to a maximum carbon content of 0.20% and a maximum manganese content of 1.60%
(see2.2.6.4).

Produced by the thermo-mechanical control process (TMCP).
See 3.7.4.6 for tests on simulated test coupons for material used in stress-relieved assemblies.
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WELDED STEEL TANKS FOR OIL STORAGE 2-9

Table 2-4—Minimum Impact Test Requirements for Plates (See Note)

Average |mpact Value of Three Specimens?

Thickness Longitudinal Transverse
Plate Material® and Thickness (t) in mm (in.) mm in. J ft-1bf J ft-1bf
Groupsl, I1, 11, and [11A 20 15 18 13
t < maximum thicknessesin 2.2.2 through 2.2.5
Groups1V, IVA, V, and VI (except quenched t<40 t<15 41 30 27 20
and tempered and TMCP) 40<t<45 15<t<175 48 35 34 25
45<t<50 175<t<?2 54 40 41 30
50<t<100 2<t<4 68 50 54 40
Group V1 (quenched and tempered and TMCP) t<40 t<15 48 35 34 25
40<t<45 15<t<175 54 40 41 30
45<t<50 175<t<2 61 45 48 35
50<t<100 2<t<4 68 50 54 40

“Seo [ae2 3

bInterpolation is permitted to the nearest joule (ft-1bf).

Note: For plate ring flanges, the minimum impact test requirements for all thicknesses shall be those

fort<40mm (1.5in.).

c. ASTM A 992M/A 992.

d. Structural Steels listed in AISC Soecification for Sruc-
tural Steel Buildings, Allowable Sress Design.

e. CSA G40.21-M, Grades 260w, 300W, 350W, 260WT,
300WT, and 350WT. Imperia unit equivalent grades of CSA
Specification G40.21 are a so acceptable.

f. 1SO 630, Grade E 275, Qudities B, C, and D.

0. Recognized national standards. Structural steel that is pro-
duced in accordance with a recognized national standard and
that meets the requirements is acceptable when
approved by the purchaser.

2.4.2 All steel for structural shapes shall be made by the
open-hearth, electric-furnace, or basic oxygen process.
Copper-bearing steel is acceptable when approved by the

. purchaser.

' 243 Not all of the structural steel shapes listed in AISC
* [2.4.1 (d)] and other national standards [2.4.1 (g)] are well
. suited for welding. Material selection for structural shapes

requiring welded connections shall include confirmation of

- the materials' weldability from the structural shape manu-
- facturer, other reputable sources, or by weld testing. Struc-
- tural steel shapes having poor weldability shall only be

used for bolted connection designs.

2.5 PIPING AND FORGINGS

2.5.1 Unless otherwise specified in this standard, pipe and
pipe couplings and forgings shall conform to the specifica:

Copyright American Petroleum Institute
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tions listed in 2.5.1.1 and 2.5.1.2 or to national standards
equivalent to the specifications listed.

2.5.1.1 The following specifications are acceptable for
pipe and pipe couplings:

a. APl Spec 5L, GradesA, B, and X42.

b. ASTM A 53, GradesA and B.

c. ASTM A 106, GradesA and B.

d. ASTM A 234M/A 234, Grade WPB.

e. ASTM A 333M/A 333, Grades 1 and 6.
f. ASTM A 334M/A 334, Grades 1 and 6.
g. ASTM A 420M/A 420, Grade WPL6.
h. ASTM A 524, Grades| and I1.

i. ASTM A 671 (see2.5.3).

2.5.1.2 The following specifications are acceptable for
forgings:

a ASTM A 105M/A 105.
b. ASTM A 181M/A 181.
c. ASTM A 350M/A 350, Grades LF1 and LF2.

2.5.2 Unless ASTM A 671 pipe is used (electric-fusion-
welded pipe) (see 2.5.3), materia for shell nozzles and shell
manhole necks shall be seamless pipe, seamless forging, or
plate material as specified in 2.2.9.1. When shell materials
are Group 1V, IVA, V, or VI, seamless pipe shal comply
withASTM A 106, Grade B; ASTM A 524; ASTM A 333M/
A 333, Grade 6; or ASTM A 334M/A 334, Grade 6.
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2-10 APl STANDARD 650

2.5.3 WhenASTM A 671 pipeis used for shell nozzlesand
shell manhole necks, it shall comply with the following:

a Material selection shall be limited to Grades CA 55, CC
60, CC 65, CC 70, CD 70, CD 80, CE 55, and CE 60.

b. The pipe shall be pressure tested in accordance with 8.3 of
ASTM A 671.

c. The plate specification for the pipe shal satisfy the
requirements of 2.2.7, 2.2.8, and 2.2.9 that are applicable to
that plate specification.

d. Impact tests for qualifying the welding procedure for the
pipe longitudinal welds shall be performed in accordance
wjth 7.2.2.

2:5.4 Weldable-quality pipe that conforms to the physical
properties specified in any of the standards listed in 2.5.1 may
be used for structural purposes with the allowable stresses
stated in 3.10.3.

2;5.5 Except as covered in 2.5.3, the toughness requirements
of pipe and forgings to be used for shell nozzles and manholes
shall be established as described in 2.5.5.1 through 2.5.5.4.

2551 Piping materiadls made according to ASTM A
333M/A 333, A 334M/A 334, A 350M/A 350, and A 420,
Grade WPL6 may be used at design metal temperatures no
lower than the impact test temperature required by the ASTM
specification for the applicable material grade without addi-
tional impact tests (see 2.5.5.4).

2.5.5.2 Other pipe and forging materials shall be classified
under the materia groups shown in Figure 2-1 jasfollows:

a. Group IIA—API Spec 5L, Grades A, B, and X42; ASTM
A 106, Grades A and B; ASTM A 53, Grades A and B;
ASTM A 181M/A 181; ASTM A 105M/A 105; and A 234M/
A234, Grade WPB.

b. GroupVIA—ASTM A 524, Grades| and II.

2.55.3 The materials in the groups listed in 2.5.5.2 may
be used at nomina thicknesses, including corrosion allow-
ance, at design metal temperatures no lower than those
shown ir Ejgure 2-1|without impact testing (see 2.5.5.4 and
Figure 2-3)] The governing thicknesses to be used in[Figure]
[2-1/shall be as follows:

a. For butt-welded joints, the nominal thickness of the thick-
est welded joint.

b. For corner or lap welds, the thinner of the two partsjoined.
c¢. For nonwelded parts such as bolted blind flanges and man-
hole covers, 1/, of their nominal thickness.

Copyright American Petroleum Institute
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2.5.5.4 When impact tests are required by 2551 or
2553, they shal be performed in accordance with the
requirements, including the minimum energy requirements,
of ASTM A 333M/A 333, Grade 6, for pipe or ASTM A
350M/A 350, Grade LF1, for forgings at atest temperature no
higher than the design metal temperature. Except for the plate
specified in 2.2.9.2, the materials specified in 2.5.1 and 2.5.2
for shell nozzles, shell manhole necks, and al forgings used
on shell openings shall have a minimum Charpy V-notch
impact strength of 18 J (13 ft-1bf) (full-size specimen) a a
temperature no higher than the design metal temperature.

2.6 FLANGES

2.6.1 Hub, dip-on, welding, and welding-neck flanges
shall conform to the material requirements of ASME B16.5
for forged carbon steel flanges. Plate material used for nozzle
flanges shall have physical properties better than or equal to
those required by ASME B16.5. Shell-nozzle flange materia
shall conformto 2.2.9.1.

2.6.2 For nominal pipe sizes greater than NPS 24, flanges
that conform to ASME B16.47, Series B, may be used, sub-
ject to the purchaser’s approval . Particular attention should be
given to ensuring that mating flanges of appurtenances are
compatible.

2.7 BOLTING

Bolting shall conform to ASTM A 307 or A 193M/A 193.
A 325M/A 325 may be used for structural purposes only. The
purchaser should specify on the order what shape of bolt
heads and nuts is desired and whether regular or heavy
dimensions are desired.

2.8 WELDING ELECTRODES

2.8.1 For the welding of materials with a minimum tensile
strength less than 550 MPa (80 ksi), the manual arc-welding
electrodes shall conform to the E60 and E70 classification
series (suitable for the electric current characteristics, the
position of welding, and other conditions of intended use) in
AWSAAS.1 and shall conform to 5.2.1.10 as applicable.

2.8.2 For the welding of materials with a minimum tensile
strength of 550 through 585 MPa (80 through 85 ksi), the
manual arc-welding electrodes shall conform to the EBOX X-
CX classification seriesin AWSAS5.5.
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SLIP-ON FLANGE
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WELDING-NECK FLANGE

Notes:

v

RING-TYPE FLANGE

1. Shell reinforcing plate is not included in the illustrations above.
2. ts = shell thickness; t, = nozzle neck thickness; Ts = flange thickness; T = bolted cover thickness.
3. The governing thickness for each component shall be as follows:

LONG WELDING-NECK FLANGE

Governing Thickness

Components (thinner of)
Nozzle neck at shell tyortg
Slip-on flange and nozzle neck ty or Ty
Ring-type flange and nozzle neck th or T¢
Welding-neck flange and nozzle neck th
Long welding-neck flange thortg
Nonwelded bolted cover Uy T

Figure 2-3—Governing Thickness for Impact Test Determination of
Shell Nozzle and Manhole Materials (see 2.5.5.3)
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SECTION 3—DESIGN

3.1 JOINTS
3.1.1 Definitions

The definitions in 3.1.1.1 through 3.1.1.8 apply to tank
joint designs (see 7.1 for definitions that apply to welders and
welding procedures).

3.1.1.1 double-welded butt joint: A joint between two
abutting parts lying in approximately the same plane that is
welded from both sides.

3.1.1.2 single-welded butt joint with backing: A
joint between two abutting parts lying in approximately the
same plane that iswelded from one side only with the use of a
strip bar or another suitable backing material.

3.1.1.3 double-welded lap joint: A joint between two
overlapping members in which the overlapped edges of both
members are welded with fillet welds.

3.1.1.4 single-welded lap joint: A joint between two
overlapping members in which the overlapped edge of one
member iswelded with afillet weld.

3.1.1.5 butt-weld: A weld placed in a groove between
two abutting members. Grooves may be square, V-shaped
(single or double), or U-shaped (single or double), or they
may be either single or double beveled.

3.1.1.6 fillet weld: A weld of approximately triangular
cross section that joins two surfaces at approximately right
angles, asinalap joint, teejoint, or corner joint.

3.1.1.7 full-fillet weld: A fillet weld whose size is equal
to the thickness of the thinner joined member.

3.1.1.8 tack weld: A weld made to hold the parts of a
weldment in proper alignment until the final welds are made.

3.1.2 Weld Size

3.1.2.1 The size of a groove weld shall be based on the
joint penetration (that is, the depth of chamfering plus the
root penetration when specified).

3.1.2.2 The size of an equal-leg fillet weld shall be based
on the leg length of the largest isosceles right triangle that can
be inscribed within the cross section of the fillet weld. The
size of an unequa-leg fillet weld shall be based on the leg
lengths of the largest right triangle that can be inscribed
within the cross section of thefillet weld.

3.1.3 Restrictions on Joints

3.1.3.1 Restrictions on the type and size of welded joints
aregivenin 3.1.3.2 through 3.1.3.5.

3.1.3.2 Tack welds shal not be considered as having any
strength value in the finished structure.
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3.1.3.3 Theminimum size of fillet welds shall be asfollows:
On plates 5 mm (3/4¢ in.) thick, the weld shall be a full-fillet
weld, and on plates more than 5 mm (3/46 in.) thick, the weld
thickness shall not be less than one-third the thickness of the
thinner plate at the joint and shall be at least 5 mm (3/1gin.).

3.1.3.4 Single-welded lap joints are permissible only on
bottom plates and roof plates.

3.1.3.5 Lap-welded joints, as tack-welded, shall be lapped
at least five times the nominal thickness of the thinner plate
joined; however, with double-welded Iap joints, the lap need
not exceed 50 mm (2 in.), and with single-welded lap joints,
the lap need not exceed 25 mm (1 in.).

3.1.4 Welding Symbols

Welding symbols used on drawings shall be the symbols of
the American Welding Society.

3.1.5 Typical Joints
3.1.5.1 General

Typical tank joints are shown i
an The wide faces of nonsymmetrical V- or U-butt
joints may be on the outside or the inside of the tank shell at
the option of the manufacturer. The tank shell shal be
designed so that all courses aretruly vertical.

3.1.5.2 Vertical Shell Joints

a Vertica shell joints shall be butt joints with complete pen-
etration and complete fusion attained by double welding or
other means that will obtain the same quality of deposited
weld metal on the inside and outside weld surfaces to meet
the reguirements of 5.2.1 and 5.2.3. The suitability of the
plate preparation and welding procedure shall be determined
in accordance with 7.2.

b. Vertical jointsin adjacent shell courses shall not be aligned
but shall be offset from each other a minimum distance of 5t,
wheret isthe plate thickness of the thicker course at the point
of offset.

3.1.5.3 Horizontal Shell Joints

a. Horizontal shell joints shall have complete penetration and
complete fusion; however, as an alternative, top angles may
be attached to the shell by a double-welded lap joint. The
suitability of the plate preparation and welding procedure
shall be determined in accordance with 7.2.

b. Unless otherwise specified, abutting shell plates at hori-
zontal joints shall have acommon vertical centerline.
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3.1.5.4 Lap-Welded Bottom Joints

Lap-welded bottom plates shall be reasonably rectangular
and sguare edged. Three-plate [apsin tank bottoms shall be at
least 300 mm (12 in.) from each other, from the tank shell,
from butt-welded annular-plate joints, and from joints
between annular plates and the bottom. Lapping of two bot-
tom plates on the butt-welded annular plates does not consti-
tute a three-plate lap weld. When annular plates are used or
arerequired by 3.5.1, they shall be butt-welded and shall have
aradia width that provides at least 600 mm (24 in.) between
theinside of the shell and any lap-welded joint in the remain-
der of the bottom. Bottom plates need to be welded on the top
side only, with a continuous full-fillet weld on al seams.
Unless annular bottom plates are used, the bottom plates
under the bottom shell ring shall have the outer ends of the
joints fitted and lap-welded to form a smooth bearing for the

shell plates, as shown in] Figure 3-3B.

3.1.5.5 Butt-Welded Bottom Joints

Butt-welded bottom plates shall have their paralel edges
prepared for butt welding with either square or V grooves.
Butt-welds shall be made using an appropriate weld joint con-
figuration that yields a complete penetration weld. Typical
permissible bottom butt-wel ds without a backing strip are the
same as those shown in Figure 3-1. The use of a backing strip

at least 3 mm (Y8 in.) thick tack welded to the underside of the
plate is permitted. Butt-welds using a backing strip are shown
im Figure 3-3A\. If square grooves are employed, the root open-
ings shall not be less than 6 mm (Y4 in.). A metal spacer shall
be used to maintain the root opening between the adjoining
plate edges unless the manufacturer submits another method
of butt-welding the bottom for the purchaser's approval.
Three-plate joints in the tank bottom shall be at least 300 mm
(12iin.) from each other and from the tank shell.

3.1.5.6 Bottom Annular-Plate Joints

Bottom annular-plate radial joints shall be butt-welded in
accordance with 3.1.5.5 and shall have complete penetration
and complete fusion. The backing strip, if used, shall be com-
patible for welding the annular plates together.

3.1.5.7 Shell-to-Bottom Fillet Welds

a. For bottom and annular plates with a nomina thickness
125 mm (Y2in.), and less, the attachment between the bot-
tom edge of the lowest course shell plate and the bottom plate
shall be a continuousfillet weld laid on each side of the shell
plate. The size of each weld shall not be more than 12.5 mm
(4/2in.) and shall not be lessthan the nominal thickness of the
thinner of the two plates joined (that is, the shell plate or the
bottom plate immediately under the shell) or less than the fol-
lowing values:

Nominal Thickness Minimum Size of

of Shell Plate Fillet Weld
(mm) (in.) (mm) (in.)
5 0.1875 5 316
>5t020 >0.1875t0 0.75 6 Yy
>20t0 32 >0.75t0 1.25 8 /16
>32t045 >1.25t01.75 10 38
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Single-U butt joint

Double-V butt joint

I 7/

Square-groove butt joint

Double-U butt joint

Note: See 3.1.5.2 for specific requirements for vertical shell joints.

Figure 3-1—Typical Vertical Shell Joints

Optional

'/— outside angle j

ST 5 NP> 5
N N
7Es 7
1
1
1
1

Alternative
angle-to-shell joint

Angle-to-shell
butt joint
complete penetration

G5

Single-bevel
butt joint
complete penetration

Square-groove
butt joint
complete penetration

Double-bevel
butt joint
complete penetration

Note: See 3.1.5.3 for specific requirements for horizontal
shell joints.

Figure 3-2—Typical Horizontal Shell Joints
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e

ROOF-PLATE JOINT

ROOF-TO-SHELL JOINTS

- 12t ——————

N 1.75t <R <3t

~=— Inside of shell

ALTERNATIVE ROOF-TO-SHELL JOINT
(SEE NOTE 2)

~— -
Bottom or annular Inside

bottom plate _}

BOTTOM-TO-SHELL JOINT

Optional
( V groove

£ D .
| T NP 7
L —
\Tack weld
Single-welded Single-welded butt joint

full-fillet lap joint with backing strip

BOTTOM-PLATE JOINTS

Notes:

1. See 3.1.5.4 through 3.1.5.9 for specific requirements for roof and
bottom joints.

2. The alternative roof-to-shell joint is subject to the limitations of
3.1.5.9, itemf.

Figure 3-3A—Typical Roof and Bottom Joints
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vr— Shell plate

Bottom plate A

Figure 3-3B—Method for Preparing Lap-Welded
Bottom Plates Under Tank Shell (See 3.1.5.4)

b. For annular plates with a nominal thickness greater than
12.5 mm (¥ in.), the attachment welds shall be sized so that
either the legs of the fillet welds or the groove depth plus the
leg of the fillet for a combined weld is of a size equal to the
annular-plate thickness (see|Figure 3-3C)| but shall not
exceed the shell plate thickness.

c. Shell-to-bottom fillet welds for shell material in Groups
IV, IVA, V, or VI shdl be made with a minimum of two
passes.

3.1.5.8 Wind Girder Joints

a. Full-penetration butt-welds shall be used for joining ring
sections.

b. Continuous welds shall be used for al horizontal top-side
joints and for all vertica joints. Horizontal bottom-side joints
shall be seal-welded if specified by the purchaser. Seal-weld-
ing should be considered to minimize the potentia for
entrapped moisture, which may cause corrosion.

3.1.5.9 Roof and Top-Angle Joints

a Roof plates shall, asaminimum, be welded on the top side
with a continuous full-fillet weld on all seams. Butt-welds are
also permitted.

b. Roof plates shall be attached to the top angle of a tank
with a continuous fillet weld on the top side only, as specified
in3.10.2.5.

c. The top-angle sections for self-supporting roofs shall be
joined by butt-welds having complete penetration and fusion.
Joint efficiency factors need not be applied in conforming to
the requirements of 3.10.5 and 3.10.6.
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A =B for

up to 25 mm B
(1in.) annular/ g
plate

45° minimum

Al

/— Shell plate

/ B—» |—
——|
Annular bottom plate

Notes:

1. A = Fillet weld size limited to 13 mm (}/5 in.) maximum.

A 13 mm (Y2 in.) maximum
© 6 mm (Y4 in.) minimum

A + B minimum

2. A+ B =Thinner of shell or annular bottom plate thickness.
3. Groove weld B may exceed fillet size A only when annular plate is thicker than 25 mm (1 inch).

Figure 3-3C—Detail of Double Fillet-Groove Weld for Annular Bottom Plates With a Nominal
Thickness Greater Than 13 mm (1/5 in.) (See 3.1.5.7, item b)

d. At the option of the manufacturer, for self-supporting
roofs of the cone, dome, or umbrella type, the edges of the
roof plates may be flanged horizontally to rest flat against the
top angle to improve welding conditions.

o €. Except as specified for open-top tanks in 3.9, for self-sup-

porting roofs in 3.10.5 and 3.10.6, and for tanks with the
flanged roof-to-shell detail described in item f below, tank
shells shall be supplied with top angles of not less than the
following sizes: for tanks with adiameter lessthan or equal to
11 m (35 ft), 51 x 51 x 4.8 mm (2 x 2 x 3/45 in.); for tanks
with a diameter greater than 11 m (35 ft) but less than or
equal to 18 m (60 ft), 51 x 51 x 6.4 mm (2 x 2 x 1/, in.); and
for tanks with a diameter greater than 18 m (60 ft), 76 x 76 x
9.5 mm (3 x 3 x 3/g in.). At the purchaser’s option, the out-
standing leg of the top angle may extend inside or outside the
tank shell.

f. For tanks with adiameter less than or equal to 9 m (30 ft)
and a supported cone roof (see 3.10.4), the top edge of the
shell may be flanged in lieu of installing a top angle. The
bend radius and the width of the flanged edge shall conform
to the details of This construction may be used
for any tank with a self-supporting roof (see 3.10.5 and
3.10.6) if the total cross-sectional area of the junction fulfills
the stated area requirements for the construction of the top
angle. No additional member, such as an angle or a bar, shall
be added to the flanged roof-to-shell detail.

Copyright American Petroleum Institute
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3.2 DESIGN CONSIDERATIONS

e 3.2.1 Design Factors

The purchaser shall state the design metal temperature
(based on ambient temperatures), the design specific gravity,
the corrosion allowance (if any), and the design wind velocity.

3.2.2 External Loads

The purchaser shall state the magnitude and direction of
external loads or restraint, if any, for which the shell or shell
connections must be designed. The design for such loadings
shall be a matter of agreement between the purchaser and the
manufacturer.

3.2.3 Protective Measures

The purchaser should give specia consideration to founda-
tions, corrosion allowance, hardness testing, and any other
protective measures deemed necessary.

3.2.4 External Pressure

This standard does not contain provisions for the design of
tanks subject to partia internal vacuum; however, tanks that
meet the minimum reguirements of this standard may be sub-
jected to apartial vacuum of 0.25 kPa (1 in. of water) of water
pressure.
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¢ 3.2.5 Tank Capacity

3.2.5.1 The purchaser shall specify the maximum capacity
and the overfill protection level (or volume) requirement (see
APl Recommended Practice 2350).

3.2.5.2 Maximum capacity is the volume of product in a
tank when thetank isfilled to itsdesign liquid level as defined
in 3.6.3.2 (see Appendix L).

3.2.5.3 The net working capacity is the volume of avail-
able product under normal operating conditions. The net
working capacity is egual to the maximum capacity (3.2.5.2)
less the minimum operating volume remaining in the tank,
less the overfill protection level (or volume) requirement (see
Appendix L).

3.3 SPECIAL CONSIDERATIONS

e 3.3.1 Foundation

The selection of the tank site and the design and construc-
tion of the foundation shall be given careful consideration, as
outlined in Appendix B, to ensure adequate tank support. The
adequacy of the foundation is the responsibility of the pur-
chaser.

+ 332 Corrosion Allowances

When necessary, the purchaser, after giving consideration

" tothetotal effect of the liquid stored, the vapor above the lig-
- uid, and the atmospheric environment, shall specify the corro-
~ don allowance to be provided for each shell course, for the
- bottom, for the roof, for nozzles and manholes, and for struc-

tural members.

e 3.3.3 Service Conditions

When the service conditions might include the presence of
hydrogen sulfide or other conditions that could promote
hydrogen-induced cracking, notably near the bottom of the
shell at the shell-to-bottom connections, care should be taken
to ensure that the materials of the tank and details of construc-
tion are adequate to resist hydrogen-induced cracking. The
purchaser should consider limits on the sulfur content of the
base and weld metals as well as appropriate quality control
procedures in plate and tank fabrication. The hardness of the
welds, including the heat-affected zones, in contact with these
conditions should be considered. The weld metal and adja-
cent heat-affected zone often contain a zone of hardness well
in excess of Rockwell C 22 and can be expected to be more
susceptible to cracking than unwelded metdl is. Any hardness
criteria should be a matter of agreement between the pur-
chaser and the manufacturer and should be based on an evalu-
ation of the expected hydrogen sulfide concentration in the
product, the possibility of moisture being present on the
inside metal surface, and the strength and hardness character-
istics of the base metal and weld metal.
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e 3.3.4 Weld Hardness

When specified by the purchaser, the hardness of the weld
metal for shell materials in Group 1V, IVA, V, or VI shal be
evaluated by one or both of the following methods:

a. The welding-procedure qudification tests for all welding
shall include hardness tests of the weld metal and heat-
affected zone of the test plate. The methods of testing and the
acceptance standards shall be agreed upon by the purchaser
and the manufacturer.

b. All welds deposited by an automatic process shall be hard-
ness tested on the product-side surface. Unless otherwise
specified, one test shall be conducted for each vertical weld,
and one test shall be conducted for each 30 m (100 ft) of cir-
cumferential weld. The methods of testing and the acceptance
standards shall be agreed upon by the purchaser and the
manufacturer.

3.4 BOTTOM PLATES

3.4.1 All bottom plates shal have a minimum nominal
thickness of 6 mm (¥4 in.) [49.8 kg/m? (10.2 Ibf/ft?) (see
2.2.1.2)], exclusive of any corrosion alowance specified by
the purchaser for the bottom plates. Unless otherwise agreed
to by the purchaser, al rectangular and sketch plates (bottom
plates on which the shell rests that have one end rectangular)
shall have a minimum nominal width of 1800 mm (72in.).

3.4.2 Bottom plates of sufficient size shall be ordered so
that, when trimmed, at least a25 mm (1 in.) width will project
beyond the outside edge of the weld attaching the bottom to
the shell plate.

3.4.3 Bottom plates shall be welded in accordance with
3.1540r3.155.

3.5 ANNULAR BOTTOM PLATES

3.5.1 When the bottom shell course is designed using the
alowable stressfor materialsin Group 1V, IVA, V, or V1, butt-
welded annular bottom plates shall be used (see 3.1.5.6).
When the bottom shell course is of a materia in Group 1V,
IVA, V, or VI and the maximum product stress (see 3.6.2.1)
for the first shell course is less than or equal to 160 MPa
(23,200 Ibf/in.2) or the maximum hydrostatic test stress (see
3.6.2.2) for the first shell course is less than or equa to 172
MPa (24,900 Ibf/in.2), lap-welded bottom plates (see 3.1.5.4)
may be used in lieu of butt-welded annular bottom plates.

3.5.2 Annular bottom plates shall have a radia width that
provides at least 600 mm (24 in.) between the inside of the
shell and any lap-welded joint in the remainder of the bottom
and at least a 50 mm (2 in.) projection outside the shell. A
greater radia width of annular plate is required when calcu-
lated as follows:
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In Sl units:
215¢,
(HG)O,S
where
ty = thicknessof the annular plate (see 3.5.3), in mm,
H = maximum design liquid level (see 3.6.3.2), inm,
G = design specific gravity of theliquid to be stored.
In US Customary units:
390¢,
(HG)O.S
where
ty = thickness of the annular plate (see 3.5.3), (in.),
H = maximum design liquid level (see 3.6.3.2), (ft),
G = design specific gravity of the liquid to be stored.

3.5.3 The thickness of the annular bottom plates shall not
be less than the thicknesses listed in Table 3-1 plus any speci-
fied corrosion alowance.

3.5.4 Thering of annular plates shall have a circular out-
side circumference but may have a regular polygonal shape
inside the tank shell, with the number of sides equd to the
number of annular plates. These pieces shall be welded in
accordancewith 3.1.5.6 and 3.1.5.7, item b.

3.5.5 In lieu of annular plates, the entire bottom may be
butt-welded provided that the requirements for annular plate
thickness, welding, materials, and inspection are met for the
annular distance specified in 3.5.2.

3.6 SHELL DESIGN
3.6.1 General

3.6.1.1 The required shell thickness shall be the greater of
the design shell thickness, including any corrosion alowance,
or the hydrostatic test shell thickness, but the shell thickness
shall not be less than the following:

Nominal Tank Diameter Nominal Plate Thickness

(SeeNote 1) (SeeNote 2)
(m) (fr) (mm) (in)
<15 <50 5 316
15t0< 36 50 to < 120 6 N
36 to 60 120to 200 8 516
> 60 > 200 10 3/g

Notes:

1. Unless otherwise specified by the purchaser, the nomina tank
diameter shall be the centerline diameter of the bottom shell-course
plates.

2. Nominal plate thickness refers to the tank shell as constructed.
The thicknesses specified are based on erection requirements.

3. When specified by the purchaser, plate with a minimum nominal
thickness of 6 millimeters may be substituted for 1/4-inch plate.

Table 3-1—Annular Bottom-Plate Thicknesses

Sl Units

Nominal Plate  Hydrostatic Test Stress in First Shell Course
Thickness? of First (MPa)

Shell Course

(mm) <190 <210 <230 <250
t<19 6 6 7 9
19<t<25 6 7 10 11
25<t<32 6 9 12 14
32<t<38 8 11 14 17
3B<t=<45 9 13 16 19
US Customary

Nominal Plate ~ Hydrostatic Test Stress® in First Shell Course
Thickness? of First (Ibf/in?)

Shell Course

(in.) <27,000 <30,000 <33000 <36,000

t<0.75 1, 1, Y3 1y,
0.75<t<1.00 1, %20 g e
1.00<t<1.25 Y, /g /3, %16
125<t<150 She 16 %6 116
150<t<1.75 1y 1, 5/g 3,

aNominal plate thickness refers to the tank shell as constructed.
bHydrostatic test stresses are calculated from [4.9D(H — 0.3)]/t
(see3.6.3.2).

CHydrostatic test stresses are calculated from [2.6 D(H — 1]/t
(see3.6.3.2).

Note: The thicknesses specified in the table, as well as the width
specified in 3.5.2, are based on the foundation providing uniform
support under the full width of the annular plate. Unless the foun-
dation is properly compacted, particularly at the inside of a con-
crete ringwall, settlement will produce additiona stresses in the
annular plate.

e 3.6.1.2 Unless otherwise agreed to by the purchaser, the

shell plates shall have aminimum nominal width of 1800 mm
(72 in.). Plates that are to be butt-welded shall be properly
sguared.

3.6.1.3 The design shell thickness shall be computed on
the basisthat the tank isfilled to alevel H (see 3.6.3.2) witha
liquid that has a specific gravity specified by the purchaser.

3.6.1.4 The hydrostatic test shell thickness shall be com-
puted on the basis that the tank is filled to a level H (see
3.6.3.2) with water.

3.6.1.5 Thecalculated stress for each shell course shall not
be greater than the stress permitted for the particular material
used for the course. No shell course shall be thinner than the
course above it.

3.6.1.6 Thetank shell shall be checked for stability against
buckling from the design wind velocity, as specified by the
purchaser, in accordance with 3.9.7. If required for stability,
intermediate girders, increased shell-plate thicknesses, or both
shall be used. If the design wind velocity is not specified, the
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maximum allowable wind vel ocity shall be calculated, and the
result shall be reported to the purchaser at the time of the bid.

3.6.1.7 The manufacturer shall furnish to the purchaser a
drawing that lists the following for each course:

aThe required shell thicknesses for both the design condi-
tion (including corrosion alowance) and the hydrostatic test
condition.

b. : The nominal thickness used.

C. :;The materia specification.

d. The dlowable stresses.

3.6.1.8 Isolated radial loads on the tank shell, such asthose
caused by heavy loads on platforms and elevated walkways
between tanks, shall be distributed by rolled structural sec-
tions, plate ribs, or built-up members.

3.6.2 Allowable Stress

3.6.2.1 The maximum allowable product design stress, S,
shall be as shown in[Table 3-2.| The net plate thicknesses—the
actua thicknesses less any corrosion alowance—shall be
used in the calculation. The design stress basis, §j, shal be
either two-thirds the yield strength or two-fifths the tensile
strength, whichever isless.

3.6.2.2 The maximum allowable hydrostatic test stress, S,
shall be as shown in [Table 3-2.| The gross plate thicknesses,
including any corrosion allowance, shall be used in the calcu-
lation. The hydrostatic test basis shall be either three-fourths
the yield strength or three-sevenths the tensile strength,
whichever isless.

3.6.2.3 Appendix A permits an aternative shell design
with afixed allowable stress of 145 MPa (21,000 Ibf/in.2) and
ajoint efficiency factor of 0.85 or 0.70. This design may only
be used for tanks with shell thicknesses less than or equal to
125 mm (Y, in.).

3.6.2.4 Structural design stresses shall conform to the
allowable working stresses given in 3.10.3.

3.6.3 Calculation of Thickness by the 1-Foot Method

3.6.3.1 The 1-foot method caculates the thicknesses
required at design points 0.3 m (1 ft) above the bottom of
each shell course. Appendix A permits only this design
method. This method shall not be used for tanks larger than
60 m (200 ft) in diameter.

3.6.3.2 The required minimum thickness of shell plates
shall be the greater of the values computed by the following
formulas:

In Sl units:

= 4.9D(1§—0.3)G v Cu
d
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- 4.9D(1S1—0.3)
where
tg = design shell thickness, in mm,
tt = hydrostatic test shell thickness, in mm,
D = nominal tank diameter, inm (see 3.6.1.1, Note 1),
o H = designliquid level, in m,
= height from the bottom of the course under con-
sideration to the top of the shell including the top
angle, if any; to the bottom of any overflow that
limits the tank filling height; or to any other level
specified by the purchaser, restricted by an inter-
nal floating roof, or controlled to allow for seis-
mic wave action,

o G = design specific gravity of the liquid to be stored,
as specified by the purchaser,
o CA = corrosion allowance, in mm, as specified by the
purchaser (see 3.3.2),
S = dlowable stressfor the design condition, in MPa
(see36.2.1),
S = dlowable stressfor the hydrostatic test condition,
in MPa(see 3.6.2.2).
In US Customary units:

(= 26DH-1)G , .,

d

‘= 2.6D(H-1)
S
where
tg = design shell thickness (in.),
t; = hydrostatic test shell thickness (in.),
D = nominal tank diameter, in ft (see 3.6.1.1, Note 1),
o H = designliquid level, (ft),
= height from the bottom of the course under con-
sideration to the top of the shell including the top
angle, if any; to the bottom of any overflow that
limits the tank filling height; or to any other level
specified by the purchaser, restricted by an inter-
nal floating roof, or controlled to allow for seis-
mic wave action,

o G = design specific gravity of the liquid to be stored,
as specified by the purchaser,
o CA = corrosion allowance, (in.), as specified by the pur-
chaser (see 3.3.2),
S = dlowable stressfor the design condition, (Ibf/in.2)
(see3.6.2.2),
S = dlowable stressfor the hydrostatic test condition,
(Ibf/in.2) (see 3.6.2.2).
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Table 3-2—Permissible Plate Materials and Allowable Stresses

Minimum Minimum Product Hydrostatic
Plate Yield Strength Tensile Strength Design Stress § Test Stress S
Specification Grade MPa (psi) MPa (psi) MPa (psi) MPa (psi)
ASTM Specifications
A 283M (A 283) C(C) 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)
A 285M (A 285) Cc(©) 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)
A 131M (A 131) A,B,CS 235 (34,000) 400 (58,000) 157 (22,700) 171 (24,900)
(A,B,CS
A 36M (A 36) — 250 (36,000) 400 (58,000) 160 (23,200) 171 (24,900)
A 131IM (A 131)  EH 36 (EH 36) 360 (51,000) 4902 (71,0009 196 (28,400) 210 (30,400)
A 573M (A 573) 400 (58) 220 (32,000) 400 (58,000) 147 (21,300) 165 (24,000)
A 573M (A 573) 450 (65) 240 (35,000) 450 (65,000) 160 (23,300) 180 (26,300)
A 573M (A 573) 485 (70) 290 (42,000) 4852 (70,0009 193 (28,000) 208 (30,000)
A 516M (A 516) 380 (55) 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)
01] A 516M (A 516) 415 (60) 220 (32,000) 415 (60,000) 147 (21,300) 165 (24,000)
A 516M (A 516) 450 (65) 240 (35,000) 450 (65,000) 160 (23,300) 180 (26,300)
A 516M (A 516) 485 (70) 260 (38,000) 485 (70,000) 173 (25,300) 195 (28,500)
A 662M (A 662) B (B) 275 (40,000) 450 (65,000) 180 (26,000) 193 (27,900)
A 662M (A 662) Cc(C) 295 (43,000) 4852 (70,0009 194 (28,000) 208 (30,000)
A 537M (A 537) 1(2) 345 (50,000) 4852 (70,0009 194 (28,000) 208 (30,000)
A 537M (A 537) 2(2) 415 (60,000) 5502 (80,0009) 220 (32,000) 236 (34,300)
A 633M (A 633) C,D(C,D) 345 (50,000) 4852 (70,0009 194 (28,000) 208 (30,000)
A 678M (A 678) A(A) 345 (50,000) 4852 (70,0009 194 (28,000) 208 (30,000)
A 678M (A 678) B (B) 415 (60,000) 5502 (80,0009 220 (32,000) 236 (34,300)
A 737M (A 737) B (B) 345 (50,000) 4852 (70,0009 194 (28,000) 208 (30,000)
A 841M (A 841) Class1(Class1) 345 (50,000) 4852 (70,0009 194 (28,000) 208 (30,000)
CSA Specifications
G40.21M 260W 260 (37,700) 410 (59,500) 164 (23,800) 176 (25,500)
G40.21M 300W 300 (43,500) 450 (65,300) 180 (26,100) 193 (28,000)
G40.21M 350WT 350 (50,800) 4802 (69,6007 192 (27,900) 206 (29,800)
G40.21M 350W 350 (50,800) 450 (65,300) 180 (26,100) 193 (28,000)
National Standards
235 235 (34,000) 365 (52,600) 137 (20,000) 154 (22,500)
00 250 250 (36,000) 400 (58,300) 157 (22,700) 171 (25,000)
275 275 (40,000) 430 (62,600) 167 (24,000) 184 (26,800)
1SO 630
03| E275 C,D 265 (38,400) 410 (59,500) 164 (23,800) 175 (25,500)
00y E355 C,D 345 (50,000) 4902 (71,0009 196 (28,400) 210 (30,400)

@By agreement between the purchaser and the manufacturer, the tensile strength of these materials may be increased to 515 M Pa (75,000 psi)
minimum and 620 M Pa (90,000 psi) maximum [and to 585 M Pa (85,000 psi) minimum and 690 MPa (100,000 psi) maximum for ASTM A
537M, Class 2, and A 678M, Grade B]. When thisis done, the alowable stresses shall be determined as stated in 3.6.2.1 and 3.6.2.2.
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3.6.4 Calculation of Thickness by the Variable-
Design-Point Method

Note: This procedure normally provides a reduction in shell-course
thicknesses and total material weight, but more important is its
potentia to permit construction of larger diameter tanks within the
maximum plate thickness limitation. For background information,
seel. P Zick and R. V. McGrath, “Design of Large Diameter Cylin-
drical Shells”15

3.6.4.1 Design by the variable-design-point method gives
shell thicknesses at design points that result in the calculated
stresses being relatively close to the actua circumferential
shell stresses. This method may only be used when the pur-
chaser has not specified that the 1-foot method be used and
when the following is true:

In Sl units;
L _ 1000
H 6
where
L = (500Dt)°5, inmm,
D = tank diameter,inm,
t = bottom-course shell thickness, in mm,
H = maximum design liquid level (see 3.6.3.2), inm.
In US Customary units:
Lo
H
where
L = (6Dt)%3 (in),

tank diameter, (ft),
t = bottom-course shell thickness, (in.),
H = maximum design liquid level (see 3.6.3.2), (ft).

3.6.4.2 The minimum plate thicknesses for both the design
condition and the hydrostatic test condition shal be deter-
mined as outlined. Complete, independent calculations shall
be made for all of the courses for the design condition, exclu-
sive of any corrosion alowance, and for the hydrostatic test
condition. The required shell thickness for each course shall
be the greater of the design shell thickness plus any corrosion
allowance or the hydrostatic test shell thickness, but the total
shell thickness shall not be less than the shell thickness
required by 3.6.1.1, 3.6.1.5, and 3.6.1.6. When a greater
thicknessis used for ashell course, the greater thickness may
be used for subsequent calculations of the thicknesses of the
shell courses above the course that has the greater thickness,
provided the greater thicknessis shown as the required design
thickness on the manufacturer’s drawing (see 3.6.1.7).

15L.P. Zick and R.V. McGrath, “Design of Large Diameter Cylindri-
cal Shells,” Proceedings—Division of Refining, American Petroleum
Institute, New York, 1968, Volume 48, pp. 1114-1140.
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3.6.4.3 To caculate the bottom-course thicknesses, prelim-
inary values tpy and ty for the design and hydrostatic test con-
ditions shall first be calculated from the formulasin 3.6.3.2.

3.6.4.4 The bottom-course thicknesses t14 and ty; for the
design and hydrostatic test conditions shall be calculated
using the following formulas:

In Sl units:

_ 0.0696D [HG#.9HDGH
ty = %.06——]{ S 00, H+c4

In US Customary units:

_ 0.463D [HGO2.6HDGH
t, = %.06—————]{ SO0 s, H+c4

Note: For the design condition, t;q need not be greater than tyg.

In Sl units:

_ 0 o 0:0696D [Hr.9HD
ne = J.06-=0 oo s, O

In US Customary units:

_ O o 0:463D [Hor2.6HD
fy = §06-=> s s o

Note: For the hydrostatic test condition, ty; heed not be greater
than ty;.
pt

3.6.4.5 To caculate the second-course thicknesses for both
the design condition and the hydrostatic test condition, the

value of the following ratio shall be calculated for the bottom
course:

h,
(I"tl )0.5
where
h; = height of the bottom shell course, in mm (in.),
r = nomina tank radius, in mm (in.),
t1 = actual thickness of the bottom shell course, less

any thickness added for corrosion allowance, in
mm (in.), used to calculatet, (design). Thetotal
thickness of the bottom shell course shall be
used to calculate ty (hydrostatic test).

If the value of theratio islessthan or equal to 1.375,
to=1;
If the value of theratio is greater than or equal to 2.625,

tr=1oa
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If the value of the ratio is greater than 1.375 but less than
2.625,

h
t, = b+ (t,—1,,)| 2.1 - ————
oo { 1.25(r,)"

where
to = minimum design thickness of the second shell course
excluding any corrosion allowance, in mm (in.),
toq = thickness of the second shell course, in mm (in.), as

calculated for an upper shell course as described in
3.6.4.6.

The preceding formula for t, is based on the same alow-
able stress being used for the design of the bottom and sec-
ond courses. For tanks where the value of theratio is greater
than or equal to 2.625, the alowable stress for the second
course may be lower than the allowable stress for the bottom
course when the methods described in 3.6.4.6 through
3.6.4.8 are used.

3.6.4.6 To cdculate the upper-course thicknesses for both
the design condition and the hydrostatic test condition, a pre-
liminary value t, for the upper-course thickness shall be cal-
culated using the formulas in 3.6.3.2, and then the distance x
of the variable design point from the bottom of the course
shall be calculated using the lowest value obtained from the
following

In Sl units:
X1 = 0.61(rt,)%>+ 320 CH
Xo = 1000 CH
X3 = 1.22(rt,)%>
where
ty = thickness of the upper course at the girth joint,
in mm,
C = [KOS(K-1)]/(1+K1L5),
K = t /t,
t. = thickness of the lower course at the girth joint,
in mm,
H = designliquidlevel (see3.6.3.2),inm.
In US Customary units:
x1 = 0.61(rt,)%>+3.84 CH
Xo = 12CH
X3 = 1.22(rt,)%°
where

ty = thickness of the upper course at the girth joint, (in.),
C = [KOS (K —1)]/(1 + K1),

K=t./t,

t. = thickness of the lower course at the girth joint, (in.),
H = designliquid level (see 3.6.3.2), (ft),

Copyright American Petroleum Institute
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3.6.4.7 The minimum thickness ty for the upper shell
courses shall be calculated for both the design condition (tgy)
and the hydrostatic test condition (tr,) using the minimum
value of x obtained from 3.6.4.6:

In Sl units;
49D H — LDG
_ 10004
ZLd)c - S
d
+ 9D%{_ 1000D
ttx
t
In US Customary units:
_x0
2. 6D%1 12DG
tdx
d
2.6D97 - 11‘2-5

ttx -

S,

3.6.4.8 The steps described in 3.6.4.6 and 3.6.4.7 shall be
repeated using the calculated value of ty ast,, until thereislit-
tle difference between the calculated values of t, in succes-
sion (repeating the steps twice is normally sufficient).
Repeating the steps provides a more exact location of the
design point for the course under consideration and, conse-
quently, amore accurate shell thickness.

3.6.4.9 The step-by-step calculations in Appendix K illus-
trate an application of the variable-design-point method to a
tank with a diameter of 85 m (280 ft) and a height of 19.2 m
(64 ft) to determine shell-plate thicknesses for the first three
courses for the hydrostatic test condition only.

3.6.5 Calculation of Thickness by Elastic Analysis

For tanks where L/H is greater than 1000/6 (2 in U.S. cus-
tomary units), the selection of shell thicknesses shall be based
on an elastic analysis that shows the calculated circumferen-
tial shell stresses to be below the alowable stresses given in

The boundary conditions for the anaysis shal
assume afully plastic moment caused by yielding of the plate
beneath the shell and zero radia growth.

3.7 SHELL OPENINGS

3.7.1 General

3.7.1.1 The following requirements for shell openings are
intended to restrict the use of appurtenances to those provid-
ing for attachment to the shell by welding.
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e 3.7.1.2 The shell opening designs described in this stan-

dard are required, except for alternative designs alowed in
3.7.18.

3.7.1.3 Flush-type cleanout fittings and flush-type shell
connections shall conform to the designs specified in 3.7.7
and 3.7.8.

3.7.1.4 When a size intermediate to the sizes listed in

Tables 3-3| through is specified by the purchaser, the

construction details and reinforcements shall conform to the
next larger opening listed in the tables. The size of the open-
ing or tank connection shall not be larger than the maximum
size given in the appropriate table.

3.7.1.5 Openings near the bottom of atank shell will tend to
rotate with vertical bending of the shell under hydrostatic load-
ing. Shell openings in this area that have attached piping or
other external loads shall be reinforced not only for the static
condition but aso for any loads imposed on the shell connec-
tions by the restraint of the attached piping to the shell rotation.
The external loads shall be minimized, or the shell connections
shall be relocated outside the rotation area. Appendix P provides

amethod for evaluating openings that conform tg Table 3-6.

3.7.1.6 Sheared or oxygen-cut surfaces on manhole
necks, nozzle necks, reinforcing plates, and shell-plate
openings shall be made uniform and smooth, with the cor-
ners rounded except where the surfaces are fully covered by
attachment welds.

3.7.1.7 The periphery of the insert plates shal have a 1.4
tapered transition to the thickness of the adjacent shell plates.

3.7.1.8 With the approval of the purchaser, the shape and
dimensions of the shell reinforcing plates, illustrated in

and[35]and dimensioned in the related

tables, may be atered as long as the thickness, length, and
width dimensions of the proposed shapes meet the area,
welding, and spacing requirements outlined in 3.7.2. Rein-
forcement of shell openings that comply with API Standard
620 are acceptable dternatives. This statement of permissible
alternatives of shell opening reinforcement does not apply to
flush-type cleanout fittings and flush-type shell connections.

3.7.1.9 The flange facing shall be suitable for the gasket
and bolting employed. Gaskets shall be selected to meet the
service environment so that the required seating load is com-
patible with the flange rating and facing, the strength of the
flange, and its bolting.

3.7.2 Reinforcement and Welding

3.7.2.1 Openings in tank shells larger than required to
accommodate a NPS 2 flanged or threaded nozzle shal be
reinforced. All shell-opening connections that reguire rein-
forcement (for example, nozzles, manholes, and cleanout
openings) shall be attached by welds that fully penetrate the
shell; however, the partia penetration illustrated in[Figure 3-]

for insert-type reinforcement is permitted. The minimum
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cross-sectiond area of the required reinforcement shall not be
less than the product of the vertical diameter of the hole cut in
the shell and the nomind plate thickness, but when calcula
tions are made for the maximum required thickness consider-
ing all design and hydrostatic test load conditions, the required
thickness may be used in lieu of the nomina plate thickness.
The cross-sectiona area of the reinforcement shall be mea-
sured vertically, coincident with the diameter of the opening.

3.7.2.2 Except for flush-type openings and connections, all
effective reinforcements shall be made within a distance
above and below the centerline of the shell opening equal to
the vertical dimension of the hole in the tank shell plate.
Reinforcement may be provided by any one or any combina-
tion of the following:

a. Theattachment flange of the fitting.

b. Thereinforcing plate.

c. The portion of the neck of the fitting that may be consid-
ered as reinforcement according to 3.7.2.3.

d. Excess shell-plate thickness. Reinforcement may be pro-
vided by any shell-plate thickness in excess of the thickness
required by the governing load condition within avertical dis-
tance above and below the centerline of the hole in the shell
equal to the vertical dimension of the hole in the tank shell
plate as long as the extra shell-plate thickness is the actual
plate thickness used less the required thickness, caculated at
the applicable opening, considering al load conditions and
the corrosion allowance.

e. The materid in the nozzle neck. The strength of the mate-
rial in the nozzle neck used for reinforcement should
preferably be the same as the strength of the tank shell, but
lower strength material is permissible as reinforcement as
long as the neck material has minimum specified yield and
tensile strengths not less than 70% and 80%, respectively, of
the shell-plate minimum specified yield and tensile strengths.
When the materia strength is greater than or equal to the 70%
and 80% minimum values, the area in the neck available for
reinforcement shall be reduced by the ratio of the allowable
stress in the neck, using the governing stress factors, to the
allowable stress in the attached shell plate. No credit may be
taken for the additional strength of any reinforcing material
that has a higher allowable stress than that of the shell plate.
Neck material that has ayield or tensile strength less than the
70% or 80% minimum values may be used, provided that no
neck areais considered as effective reinforcement.

3.7.2.3 Thefollowing portions of the neck of afitting may
be considered part of the area of reinforcement, except where
prohibited by 3.7.2.2, item €

a. The portion extending outward from the outside surface of
the tank shell plate to a distance equal to four times the neck-
wall thickness or, if the neck-wall thicknessis reduced within
this distance, to the point of transition.

b. The portion lying within the shell-plate thickness.

c. The portion extending inward from the inside surface of
the tank shell plate to the distance specified initem a.
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Table 3-3—Thickness of Shell Manhole Cover Plate and Bolting Flange

Column1l Column2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10
Max.Design Minimum Thickness of Cover Plate® (t) Minimum Thickness of Bolting Flange After FinishingP (t;)
Liquid Level Equivalent

m (ft) Pressure? 500mm(20|n)600mm(24|n)750mm(30|n)900mm(36|n) 500mm(20|n)600mm(24|n)750mm(30|n)900mm(36|n)

H kPa (psi) Manhole Manl Manl anhole Manhole Manhole Manhol Manhole

64(21) 63 (91 8 (%16) 10 (%lg) 11 ("he) 13 (Y2) 6 (Ya) 6 (Ma) 8 (*/16) 10 (%lg)

82(27) 80(117)  10(%y) 11 ("he) 13 (Y2) 14 (%16) 6 (Ya) 8 (%/16) 10 (¥lg) 11 ("he)

9.8(32) 96 (13.9) 10 (3lg) 11 ("I1g) 14 (%16) 16 (%) 6 (Yy) 8 (%/16) 11 ("I1g) 13 (1)

12 (40) 118(17.4) 11 ("I1g) 13 (U4y) 16 (%) 18 (1Y4¢) 8 (%/16) 10 (%) 13 (UYo) 14 (%16)

14 (45)  137(19.5) 13 (4o) 14 (%16) 16 (%lg) 19 (3ly) 10 (%) 11 ("11g) 13 (UYo) 16 (%)

16 (54) 157 (23.4) 13 (U4o) 14 (%46) 18 (1/4¢) 21 (13/46) 10 (%) 11 ("I1g) 14 (%%4) 18 (1/4¢)

20(65) 196 (28.2) 14 (%46) 16 (%) 19 (34 22 ("lg) 11 ("I1g) 13 (1) 16 (%) 19 (3ly)

23(75) 226(325) 16 (%) 18 (1/4¢) 21 (13/46) 24 (%5/46) 125 (Y5) 14 (%1g) 18 (1/4¢) 21 (13/46)

aEquwal ent pressure is based on water loading.

bFor addition o
Note: See Figure 3-4A.

orrosion allowance, see 3.7.5.2.

Table 3-4—Dimensions for Shell Manhole Neck Thickness

Thickness of Shell and

Minimum Neck Thickness®¢ t, mm (in.)

ManholeReinforcingPlate?  For Manhole Diameter For Manhole Diameter For Manhole Diameter For Manhole Diameter

tand T 500 mm (20in.) 600 mm (24 in.) 750 mm (30in.) 900 mm (36in.)
5 (l1¢) 5 (/1) 5 (l1¢) 5 (1¢) 5 (%l1¢)
6 (Y2) 6 (Y2) 6 (Y4) 6 (12) 6 (12)
8 (%16) 6 (Y4) 6 (Y4) 8 (%16) 8 (%16)
10 (lg) 6 (Y2) 6 (Y4) 8 (%16) 10 (%lg)
11 ("1g) 6 (Y2) 6 (Y4) 8 (%16) 10 (%lg)
125 (Yy) 6 (Y2) 6 (Y4) 8 (%16) 10 (%fg)
14 (%) 6 (Y2) 6 (Y4) 8 (%16) 10 (%lg)
16 (%g) 6 (Y4) 6 (Y4) 8 (%16) 10 (%lg)
18 (*Y16) 6 (Y2) 6 (Y4) 8 (%16) 10 (%lg)
19 (¥ls) 6 (Y2) 6 (Y4) 8 (%16) 10 (%lg)
21 (Y36 8 (%16) 6 (Y4) 8 (%16) 10 (%lg)
22 ("lg) 10 (¥lg) 8 (%16) 8 (%16) 10 (%lg)
24 (Y1) 11 ("116) 11 ("16) 11 ("116) 11 ("116)
25 (1) 11 ("I1¢) 11 ("hg) 11 ("hg) 11 ("he)
27 (1%1¢) 11 ("116) 11 ("16) 11 ("116) 11 ("116)
28 (11/3) 13 (1/2) 13 (1/2) 13 (1/2) 13 (1/2)
30 (1%16) 14 (%16) 14 (%) 14 (%) 14 (%)
32 (1Y,) 16 (g) 14 (%) 14 (%6) 14 (%¢)
33 (1%16) 16 (/g) 16 (°g) 16 (%g) 16 (%g)
34 (1%g) 17 (Yqg) 16 (%g) 16 (%g) 16 (%)
36 (17/16) 17 (Y1) 17 (Y46) 17 (Y4¢) 17 (M36)
40 (1Y) 19 (3/y) 19 (3/4) 19 (34) 19 (3,)

Af ashell plate thicker than required is used for the product and hydrostatic loading (see 3.6), the excess shell-plate thickness, within avertical
distance both above and below the centerline of the holein the tank shell plate equal to the vertical dimension of the hole in the tank shell plate,
may be considered as reinforcement, and the thickness T of the manhole reinforcing plate may be decreased accordingly. In such cases, the rein-
forcement and the attachment welding shall conform to the design limits for reinforcement of shell openings specified in 3.7.2.

bReinforcement shall be added if the neck thicknessis|ess than that shown in the colymn. The minimum neck thickness shall be the thickness of
the shell plate or the allowable finished thickness of the bolting flange , whichever is thinner, but in no case shall theneck ina
built-up manhole be thinner than the thicknesses given. If the neck thickness on a built-up manholeis greater than the required minimum, the
manhole reinforcing plate may be decreased accordingly within the limits specified in 3.7.2.

CFor addition of corrosion allowance, see 3.7.5.2.
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Table 3-5—Dimensions for Bolt Circle Diameter Dy, and
Cover Plate Diameter D, for Shell Manholes

Column 1 Column 2 Column 3
Manhole Diameter  Bolt Circle Diameter Cover Plate Diameter
mm (in.) Dp mm (in.) D mm (in.)
500 (20) 656 (261/,) 720 (283/,)
600 (24) 756 (30%,) 820 (32314
750 (30) 906 (361/4) 970 (383/4)
900 (36) 1056 (421/4) 1120 (443 ,4)
Note:

3.7.2.4 The aggregate strength of the weld attaching a fit-
ting to the shell plate, an intervening reinforcing plate, or both
shal at least equal the proportion of the forces passing
through the entire reinforcement that is calculated to pass
through thefitting.

3.7.2.5 The aggregate strength of the welds attaching any
intervening reinforcing plate to the shell plate shall at least
equal the proportion of the forces passing through the entire
reinforcement that is calculated to pass through the reinforc-
ing plate.

3.7.2.6 The attachment weld to the shell aong the outer
periphery of aflanged fitting or reinforcing plate shall be con-
sidered effective only for the parts lying outside the area
bounded by vertical lines drawn tangent to the shell opening;
however, the outer peripheral weld shall be applied completely
around the reinforcement. All of the inner peripheral weld
shall be considered effective. The strength of the effective
attachment weld shall be considered as the weld's shear resis-
tance at the stress vaue given for fillet welds in 3.10.3.5. The
size of the outer peripheral weld shall be equal to the thickness
of the shell plate or reinforcing plate, whichever is thinner, but
shall not be greater than 38 mm (11/5 in.). When low-type noz-
Zles are used with a reinforcing plate that extends to the tank
bottom (see|Figure 3-5), the size of the portion of the periph-
eral weld that attaches the reinforcing plate to the bottom plate
shal conform to 3.1.5.7. The inner peripheral weld shall be
large enough to sustain the remainder of the loading.

3.7.2.7 'When two or more openings are located so that the
outer edges (toes) of their norma reinforcing-plate fillet
welds are closer than eight times the size of the larger of the
fillet welds, with a minimum of 150 mm (6 in.), they shall be
treated and reinforced asfollows:

a. All such openings shall beincluded in asingle reinforcing
plate that shall be proportioned for the largest opening in the
group.

b. If the norma reinforcing plates for the smaller openingsin
the group, considered separately, fal within the area limits of
the solid portion of the normal plate for the largest opening,
the smaller openings may be included in the normal plate for
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the largest opening without an increase in the size of the
plate, provided that if any opening intersects the vertical cen-
terline of another opening, the total width of the final
reinforcing plate along the vertical centerline of either open-
ing is not less than the sum of the widths of the normal plates
for the openingsinvolved.

c. If thenormal reinforcing plates for the smaller openingsin
the group, considered separately, do not fall within the area
limits of the solid portion of the normal plate for the largest
opening, the group reinforcing-plate size and shape shall
include the outer limits of the normal reinforcing platesfor all
the openings in the group. A change in size from the outer
limits of the normal plate for the largest opening to the outer
limits of that for the smaller opening farthest from the largest
opening shal be accomplished by uniform straight taper
unless the normal plate for any intermediate opening would
extend beyond these limits, in which case uniform straight
tapers shal join the outer limits of the several normal plates.
The provisions of item b with respect to openings on the same
or adjacent vertical centerlines aso apply in this case.

3.7.3 Spacing of Welds Around Connections

ee Figure 3-22|for spacing requirements listed in 3.7.3.1
through 3.7.3.4.

Note: Additional weld spacing requirements exist in this standard.
Other paragraphs and tables dealing with nozzles and manholes may
increase the minimum spacing.

Note: Whenever stress relief or thermal stress relief is used in this
standard, it shall mean post-weld heat treatment.

3.7.3.1 For nonstress-relieved welds on shell plates over
12.5 mm (¥/5 in.) thick, the minimum spacing between pene-
tration connections and adjacent shell-plate joints shall be
governed by the following:

a. Theouter edge or toe of fillet around a penetration, around
the periphery of athickened insert plate, or around the periph-
ery of areinforcing plate shall be spaced at least the greater of
eight times the weld size or 250 mm (10 in.) from the center-
line of any butt-welded shell joints.

b. Thewelds around the periphery of athickened insert plate,
around areinforcing insert plate, or around areinforcing plate
shall be spaced at least the greater of eight times the larger
weld size or 150 mm (6 in.) from each other.

3.7.3.2 Where stress-relieving of the periphery weld has
been performed prior to welding of the adjacent shell joint or
where a nonstress-relieved weld is on a shell plate less than
or equal to 125 mm (¥, in.) thick, the spacing may be
reduced to 150 mm (6 in.) from vertical joints or to the
greater of 75 mm (3 in.) or 21/, times the shell thickness
from horizontal joints. The spacing between the welds
around the periphery of a thickened insert plate or around a
reinforcing plate shall be the greater of 75 mm (3in.) or 21/,
times the shell thickness.
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3-14 APl STANDARD 650
500 mm (20") and 600 mm (24") shell manholes: twenty-eight 20 mm-diameter (%/4") bolts in 24 mm ("/s") holes
750 mm (30") and 900 mm (36") shell manholes: forty-two 20 mm-diameter (%/4") bolts in 24 mm (’/s") holes
(Bolt holes shall straddle the flange vertical centerline.)
Gasket (see Note 1):
500 mm (20") manhole: 635 mm (25%s") OD x 500 mm (20") ID x 3 mm (*/s") thickness
600 mm (24") manhole: 735 mm (29%/") OD x 600 mm (24") ID x 3 mm (/") thickness
(Sed Figure 3-4B) 750 mm (30") manhole: 885 mm (35%/s") OD x 750 mm (30") ID x 3 mm (*/s") thickness [
900 mm (36") manhole: 1035 mm (41%/s") OD x 900 mm (36") ID x 3 mm (“/s") thickness<
A One 6 mm (") telltale - - Reinforcing pad
hole in reinforcing plate, t, shall be shaped
on horizontal ] to suit tank
centerline *‘ ‘ curvature
- - - _ _ o +
Alternative
circular shape t, —m
(see Note 8) 75 mm
('?_,; —={(3") EF D
3 D, 10 mm- ds\mete(; ~a D
< I (Cls ) ro 150 mm \p ~
- [ R e It
| 2 D
(see IS
\ Note 8) g 3/‘ See |
L \ & 6 mm () etails
(see
Note 8) /\
e AN
{ 125 mm (5") mlnlmumﬁ<—> *See
32 mm (1Y4") TN Figure
— Rounded corners 7 3-4B
~ (150 mm [6"] minimum radius) — -
= N
Y
- ; i — - C N
Arc dimension = W/2 500 mm (20") and 600 mm (24") manhole: 750 mm (30")
750 mm (30") manhole: 900 mm (36") — (gee
900 mm (36") manhole: 1050 mm (42")  Note 7
(Increase as necessary for clearance)
Uniform, smooth surface
Rounded Manhole ID Rounded Manhole ID
corner} corners } ‘
6mm t, (see t, (see
(") Note 4) " Note 4)
See
‘ ‘ L‘ Note 5
See Note 2 See Note 2 L
t (see Note 3) t; (see Note 3)
Detail a Detail b
Notes: 6. The shell nozzles shown ir| Table 3-6 may be substituted for man-
01]® 1. Gasket material shall be specified by the purchaser. See 3.7.5.4. holes.

2. The gasketed face shall be machine finished to provide a mini-

mum gasket-bearing width of 20 mm (3/4 in.).

3. See|Table 3-3
. See|Table 3-4.

N

are acceptable.

8. For dimensions for Dy, DR, L, and W, seq Table 3-6,|Columns 4,

5, and 6.

5. The size of the weld shall equal the thickness of the thinner

member joined.
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Figure 3-4A—Shell Manhole
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Dp/2 —|

»— Arc distance

Diamond

- ] —
Q+— A
—f

_§/

Single Flange

Notes:
1. See 3.1.5.7 for information on the size of welds.

2. See 3.8.8 for information on the couplings used in shell nozzles.

1 (seclFiguie 328)
I AN

\
|
/

Chip

(See Note 1) J
>

—l—

_/ for low-type nozzles
- ¥>

Y

/ bottom edge \»

One 6 mm (*/4") telltale hole

in reinforcing plate,
on horizontal centerline

Bend reinforcing plate to

. L/ radius of tank shell

Alternative shape

See Detail a or b for

REINFORCING PLATE

- ]

—>|<—J —
—»l |<—t

NS
A

N

¥

oD

(See

N\

A

B

\“‘%\/\

\
/
N

N

AL

Double Flange

(Bolt holes shall straddle flange centerlines)

Detail a

60°

(Bolt holes shall straddle flange centerlines)

3. Nozzles NPS 3 or larger require reinforcement.
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Tank bottom

J

REGULAR-TYPE FLANGED NOZZLES, NPS 3 OR LARGER

t
&T
™~ (SeeNote5)

Detail b
LOW-TYPE FLANGED NOZZLES, NPS 3 OR LARGER

-] —>|<—J—>

Circular

—»l |<—t

?‘.&l— T

NNNNAN\N

N
/
g \\ / . 4 .
N~ Victaulic groove

/é
4 or threads

Special Flange

See Note 1)

/2 [6 mm (*/4") minimum]

e 4. Details of welding bevels may vary from those shown if agreed to

by the purchaser.

5. Shop weld not attached to bottom plate.

Figure 3-5—Shell Nozzles (Se an
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L1.5 mm (Ye"
() 4J-lo mm (%/s") maximum
|t [ -t
7 % %
A A
AN ton //\
(see Note 2) 1Yoty

Dimension A = size of fillet weld A

L|t |-—

(see Note 2)

LTI Ly

* ES SO SSSSNN
V

Hy(regular)
G _ n‘nﬁh‘m“‘ﬁm‘n‘n

C
(low
type)
AN R SR S
Type a Typeb Typec Typed
THREADED-TYPE SHELL NOZZLES, NPS 3/s THROUGH NPS 2
Notes:
1. See[Table 3-7| Column 6.
2. tmin shall be 19 mm (3/4 in.) or the thickness of either part joined by the fillet weld, whichever is less.
Figure 3-5—Shell Nozzles (continued)
3.7.3.3 Therulesin 3.7.3.1 and 3.7.3.2 shall also apply to 3.7.4.2 When the shell materia is Group I, II, I11, or 1A,

the bottom-to-shell joint unless, as an dternative, the insert
plate or reinforcing plate extends to the bottom-to-shell joint
and intersects it at approximately 90 degrees. A minimum
distance of 75 mm (3in.) shall be maintained between the toe
of a weld around a nonreinforced penetration (see 3.7.2.1)
and the toe of the shell-to-bottom weld.

3.7.3.4 By agreement between the purchaser and the man-
ufacturer, circular shell openings and reinforcing plates (if
used) may be located in a horizonta or vertical butt-welded
shell joint provided that minimum spacing dimensions are
met and a radiographic examination of the welded shell joint
is conducted (seg|Figure 3-6| Details , ¢, and €). The welded
shell joint shall be 100% radiographed for a length equal to
three times the diameter of the opening, but weld seam being
removed need not be radiographed. Radiographic examina-
tion shall bein accordance with 6.1.3 through 6.1.8.

3.7.4 Thermal Stress Relief

3.7.4.1 All flush-type cleanout fittings and flush-type shell
connections shall be thermally stress-relieved after assembly
prior to installation in the tank shell or after installation into
the tank shell if the entire tank is stress-relieved. The stress
relief shal be carried out within a temperature range of
600°C to 650°C (1100°F to 1200°F) (see 3.7.4.3 for
quenched and tempered materials) for 1 hour per 25 mm (1
in.) of shell thickness. The assembly shall include the bottom
reinforcing plate (or annular plate) and the flange-to-neck
weld.
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all opening connections NPS 12 or larger in nominal diameter
in ashell plate or thickened insert plate more than 25 mm (1
in.) thick shall be prefabricated into the shell plate or thick-
ened insert plate, and the prefabricated assembly shall be
thermally stress-relieved within atemperature range of 600°C
to 650°C (1100°F to 1200°F) for 1 hour per 25 mm (1 in.) of
thickness prior to ingtallation. The stress-relieving require-
ments need not include the flange-to-neck welds or other noz-
Zleeneck and manhole-neck attachments, provided the
following conditions are fulfilled:

a. Thewelds are outside the reinforcement (see 3.7.2.3).

b. The throat dimension of a fillet weld in a dip-on flange
does not exceed 16 mm (%8 in.), or the butt joint of a weld-
ing-neck flange does not exceed 19 mm (34 in). If the
material is preheated to a minimum temperature of 90°C
(200°F) during welding, the weld limits of 16 mm (/8 in.)
and 19 mm (3/4 in.) may be increased to 32 mm and 38 mm
(1%ain. and 1%/21in.), respectively.

3.7.4.3 When the shell material isGroup 1V, IVA, V, or VI,
all opening connections requiring reinforcement in a shell
plate or thickened insert plate more than 12.5 mm (4/2 in.)
thick shall be prefabricated into the shell plate or thickened
insert plate, and the prefabricated assembly shall be thermally
stress relieved within a temperature range of 600°C to 650°C
(1100°F to 1200°F) for 1 hour per 25 mm (1 in.) of thickness
prior to installation.

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



3-18

APl STANDARD 650

Table 3-6—Dimensions for Shell Nozzles [mm (in.)]

Columnl Column2 Column 3 Column 4 Column5 Column 6 Column 7¢ Column 8°¢ Column 9¢
Nominal Diameter of  Length of Side Minimum  Minimum Distance from Bottom
Thickness of Holein of Reinforcing Width of Distancefrom  of Tank to Center of Nozzle
NPS Outsde  FlangedNozzle Reinforcing Plate? or Reinforcing  Shell to Flange
(Sizeof Diameter of  PipeWallah Plate Diameter Plate Face Regular Type?  LowType |03
Nozzle) Pipe th Dr L=Dg W J Hn C
Flanged Fittings
48 1219.2 (48) e 1222 (48Y/g)  2455(963/,) 2970 (117) 400 (16) 1325 (52) 1230 (483%/)
46 1168.4 (46) e 1172 (46Yg)  2355(923/,) 2845 (112) 400 (16) 1275 (50) 1180 (463/g)
44 1117.6 (44) e 1121 (44Yg)  2255(883,)  2725(107Y,) 375(15) 1225 (48) 1125 (443/)
42 1066.8 (42) e 1070 (42Y/g)  2155(843,) 2605 (102Y5) 375(15) 1175 (46) 1075 (423/g)
40 1016 (40) e 1019 (40Yg) 2050 (803/,)  2485(973/,) 375(15) 1125 (44) 1025 (403/g)
38 965.2 (38) e 968 (38Yg) 1950 (76%/4)  2355(92%,) 350 (14) 1075 (42) 975 (38%/g)
36 914.4 (36) e 918 (36Yg) 1850 (72%/4)  2235(88) 350 (14) 1025 (40) 925 (36%/g)
34 863.6 (34) e 867 (34Yg) 1745 (6834  2115(83Y,  325(13) 975 (38) 875 (34%/g)
32 812.8(32) e 816 (32Yg) 1645 (64%,) 1995 (78Y,)  325(13) 925 (36) 820 (323/g)
30 762.0 (30) e 765 (30Yg) 1545 (60%/,)  1865(73Y,) 300 (12) 875 (34) 770 (303/g)
28 711.2 (28) e 714 (28%Yg) 1440 (56%/4)  1745(68%,) 300 (12) 825 (32) 720 (283/g)
26 660.4 (26) e 664 (26%/g) 1340 (523, 1625 (64) 300 (12) 750 (30) 670 (263/g)
24 609.6 (24) 12.7 (0.50) 613 (24%g) 1255 (49Y,) 1525 (60) 300 (12) 700 (28) 630 (243/,)
22 558.8 (22) 12.7 (0.50) 562 (22Yg) 1155 (45Y5) 1405 (55Y,) 275 (11) 650 (26) 580 (223/,)
20 508.0 (20) 12.7 (0.50) 511 (20Yg) 1055 (41Y5)  1285(50Y,) 275 (11) 600 (24) 525 (203/,)
18 457.2 (18) 12.7 (0.50) 460 (18Yg) 950 (37%5) 1160 (45%4) 250 (10) 550 (22) 475 (183/,)
16 406.4 (16) 12.7 (0.50) 410 (16Yg) 850 (33%/5) 1035 (40%/4) 250 (10) 500 (20) 425 (163/,4)
14 355.6 (14) 12.7 (0.50) 359 (14Yg)  750(29%,)  915(36) 250 (10) 450 (18) 375 (14314)
12 323.8(12%,) 12.7(0.50) 327(127/g)  685(27) 840 (33) 225 (9) 425 (17) 345 (13%5)
10 273.0(10%,) 12.7 (0.50) 276 (107/g) 585 (23) 720 (28%/,) 225 (9) 375 (15) 290 (11%/5)
8 219.1(8%g)  12.7 (0.50) 222 (8314 485 (19) 590 (23Y,)  200(8) 325 (13) 240 (9Y/,)
6 168.3(6%g)  10.97(0.432) 171 (63.) 400 (15%,)  495(19%,)  200(8) 275 (11) 200 (771g)
4 1143 (4Y,)  856(0.337) 117 (4%g) 305 (12) 385 (15Y,) 175 (7) 225 (9) 150 (6)
3 88.9 (3%5) 7.62(0.300) 92 (3%g) 265 (10%5) 345 (131, 175 (7) 200 (8) 135 (5Y,)
2f 60.3 (2%/g) 554(0.218) 63 (211 — — 150 (6) 175 (7) i
1Y,f 483 (1.90) 5.08(0.200) 51(2) — — 150 (6) 150 (6) i
Threaded Fittings
39 108.0 (4.250) Coupling 111.1(43%g)  285(11Y,) 360 (14%,) — 225 (9) 145 (5%/g)
2f 76.2(3.000)  Coupling 79.4 (3Yg) — — — 175(7) i
01 31Y,f  635(2500) Coupling 66.7 (25/g) — — — 150 (6) i
1f 445(1.750)  Coupling 47.6 (17lg) — — — 125 (5) i
3, 35.0(1.375)  Coupling 38.1 (1%5) — — — 100 (4) i

aFor extra-strong pipe, refer to ASTM A 53 or A 106 for other wall thicknesses; however, piping material must conform to 2.5.

bThe width of the shell plate shall be sufficient to contain the reinforcing plate and to provide clearance from the girth joint of the shell course.
e CUnless otherwise specified by the purchaser, the nozzle shall be located at the minimum distance but shall also meet the weld spacing require-

ments of 3.7.3.

dThe Hy dimensions given in this table are for Appendix A tank designs only; refer to 3.7.3 to determine minimum Hy, for basic tank designs.

S

> Table 3-7

Column 2.

fFa

nged nozzl

Table 3-7,|Column 6. Reinforcing plates may be used if desired.

es and threaded nozzlesin pipes 2 or smaller do not require reinforcing plates. Dg will be the diameter of the holein the
shell plate, and Weld A will be as specified in

9A threaded nozzlein an NPS 3 requiresrein
o hAny specified corrosion alowance shall, by agreement between the purchaser and the manufacturer, be added to either the nominal thickness

shown or the minimum cal culated thickness required for pressure head and mechanical strength. In no case shall the thickness provided be less

than the nominal thickness shown.

iRefer t0 3.7.3.

Note:
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Table 3-7—Dimensions for Shell Nozzles: Pipe, Plate, and Welding Schedules [mm (in.)]

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Minimum PipeWall Maximum Diameter of Size of Fillet Weld A
Thicknessof Shell and Thicknessof Flanged Holein Shell Plate
Reinforcing Plate? NozzlesPc (Dp) Equals Outside Size of Fillet NozzlesLarger Than ~ NPS2, 11/5, 13/,
tand T th Diameter of Pipe Plus Weld B NPS 2 Nozzles
5 (%16) 125 (%) 16 (%/g) 5 (¥16) 6 (M2) 6 (Ys)
6 (M4 125 (Yy) 16 (%g) 6 (M4 6 (H4) 6 (M4
8 (16) 125 (Y, 16 (%/g) 8 (16) 6 (M) 6 (M)
10 (Glg) 125 (1) 16 (/) 10 (g 6 (Y,) 6 (Yy)
11 ("he) 125 (%) 16 (%/g) 11 ("he) 6 (M2) 6 (Ys)
12,5 (1,) 12,5 (1) 16 (/g) 13 (Y5) 6 Yy 8 (%/16)
14 (%) 125 (%) 20 (3l4) 14 (%) 6 (12) 8 (%/1¢)
16 (%/g) 125 (Y, 20 (%) 16 (%fg) 8 (°/16) 8 (/16)
17 (Y1) 125 () 20 (3,) 18 (Y1) 8 (1) 8 (%16)
20 (3/g) 125 (Yy) 20 (%4) 20 (3/4) 8 (16) 8 (°16)
21 (B1¢) 125 (%) 20 (3l4) 21 (B31¢) 10 (%fg) 8 (%/1¢)
22 (lg) 125 (1) 20 () 22 (lg) 10 Glg) 8 (%/10)
24 (Y1) 125 (M) 20 (3,) 24 (Y1) 10 (%lg) 8 (%16)
25 (1) 12,5 (1) 20 (3/y) 25 (1) 11 (") 8 (%16)
27 (1Y1¢) 14 (%) 20 (3l4) 27 (1Y1¢) 11 (he) 8 (%/1¢)
28 (1Yg) 14 (%10) 20 () 28 (1Yg) 11 ("1¢) 8 (/16)
30 (1%16) 16 (%) 20 (3,) 30 (1%16) 13 (Yy) 8 (%16)
32 (1%,) 16 (/) 20 (1) 32 (1%,) 13 (M) 8 (5/10)
33 (1%/1¢) 17 (H/16) 20 (3l4) 33 (1%/1¢) 13 () 8 (%/1¢)
35 (1%g) 17 (My6) 20 () 35 (1%g) 14 (%16) 8 (/16)
36 (1'/16) 20 (%) 20 (3,) 36 (1716) 14 (%) 8 (%16)
38 (1Y) 20 (3/4) 20 (%¥4) 38 (1Y) 14 (%10) 8 (°16)
40 (191¢) 21 (B33¢) 20 (3l4) 38 (1Y) 14 (%6) 8 (%/1¢)
41 (1%/g) 21 (33/1) 20 () 38 (1Y) 16 (%fg) 8 (/16)
43 (11Y4¢) 22 ("lg) 20 (%) 38 (1) 16 (%g) 8 (%/1¢)
45 (13/4) 22 ("lg) 20 (%4) 38 (1Y) 16 (%g) 8 (16

af ashell plate thicker than required is used for the product and hydrostatic loading (see 3.6), the excess shell-plate thickness, within avertical
distance both above and below the centerline of the hole in the tank shell plate equal to the vertical dimension of the hole in the tank shell plate,
may be considered as reinforcement, and the thickness T of the nozzle reinforcing plate may be decreased accordingly. In such cases, therein-
forcement and the attachment welding shall conform to the design limits for reinforcement of shell openings specified in 3.7.2.
bThis column appliesto NPS 48, 46, 44, 42, 40, 38, 36, 34, 32, 30, 28, and 26 flanged nozzles. Refer to 2.5 for piping materials.

e CAny specified corrosion allowance shall, by agreement between the purchaser and the manufacturer, be added to either the minimum thickness
shown or to the minimum cal culated thickness required for pressure head and mechanical strength. In no case shall the thickness provided be

|ess than the minimum thickness shown.
Note:
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Table 3-8—Dimensions for Shell Nozzle Flanges [mm (in.)]

Column1l Column?2 Column 3 Column 4 Column5 Column6 Column7  Column8  Column9 Column10 Column 11 Column 12

Minimum Diameter of

Diameter of Bore Hub at Point of Weld
Slip-on Type:
Minimum Outside Diameter Diameter Outside ~ Welding Welding-

NPS Thickness Diameter of Raised of Bolt Number  Diameter Diameter  Diameter of ~ Neck Slip-on Neck

(Sizeof of Flange?  of Flange Face Circle of of of PipePlus  Type? Typed Type®
Nozzle) Q A D C Holes Holes Bolts B By E Eyp
48 70(23,) 1510 (59%,) 1360 (53%,) 1420 (56) 44(44)  42(1%g  38(1Y,)  6.8(0.25) a b c
46 68 (211/1) 1460 (57Y,) 1295 (51) 1365 (53%,) 40(40) 42(15%)  38(1Y,)  6.6(0.25) a b c
a4 67 (Blg) 1405 (55Y,) 1245 (49) 1315(513/,) 40(40) 42(1%5  38(1Yy)  6.4(0.25) a b c
42 67 (Dlg)  1345(53) 1195 (47) 1255 (49%,) 36(36) 42(1%5  38(1Yy)  6.2(0.25) a b c
40 65(2Y,) 1290 (50%,) 1125 (44Y,) 1200 (474, 36(36) 42(1%g)  38(1%,)  6.0(0.25) a b c
38 60 (2%  1240(48%,) 1075(42Y,) 1150(45Y,) 32(32) 42(1%g  38(1Yy)  6.8(0.25) a b c
36 60 (8/g) 1170 (46) 1020 (40%,) 1085 (428, 32(32) 42(1%)  38(1Y,)  6.6(0.25) a b c
34 59(25g) 1110 (43%,) 960(373, 1030(40%,) 32(32) 42(1%5  38(1Y,)  6.4(0.25) a b c
R 57(2Y,) 1060 (413, 910(35%,  980(38Y,) 28(28) 42(155)  38(1Yy)  6.2(0.25) a b c
30 54 (2Yg) 985 (38%,) 855(33%, 915(36)  28(28) 33(1%)  30(1Y,)  60(0.25) a b c
28 52 (2l  925(36ly)  795(31Y,) 865 (34) 28(28) 33(1%g  30(1Y,)  6.8(0.25) a b c
26 50 (2) 870(34Y,  745(29%,  805(31%/y) 24(24) 33(1%5  30(1Yy)  66(0.25) a b c
24 48 (17/g) 815 (32) 690 (274  750(29Y,) 20(20) 33(1%g)  30(1Ys)  4.4(0.19) a b c
2 46 (113/,6) 750 (29Y,) 640 (25Y,) 690 (27Ys) 20(20) 33(1%g)  30(1Y,)  5.2(0.19) a b c
20 43 (111,  700(27Y,) 585 (23) 635 (25) 20200 30(1Y,)  27(1%g)  5.0(0.19) a b c
18 40(1%5)  635(25) 535 (21) 580(22%,) 16(16) 30(1Yy)  27(1Yg)  4.8(0.19) a b c
16 36(1716)  595(23Y,)  470(18Y,)  540(21Y,) 16(16) 27(1Y5)  24(1) 4.6 (0.19) a b c
14 35 (13/g) 535 (21) 415(16Y,)  475(18%,) 12(12) 27 (1Y) 24 (1) 4.4(0.19) a b c
12 32 (1Y) 485 (19) 380 (15) 430 (17) 12(12) 25(1) 22 ("lg) 3.15(0.13) a b c
10 30(1%45)  405(16) 325(123,) 360 (14Y,) 12(12) 25(1) 22 (lg) 2.95(0.13) a b c
8 28 (1%g) 345(13Y,)  270(10%g)  300(11%,) 8(8) 23(lg) 20 (34) 2.92 (0.10) a b c
6 25 (1) 280 (11) 216 (8Y5) 2409Y,) 8(©®)  23("g) 20 (3/,) 2.72(0.10) a b c
4 24(15/1)  230(9) 157 (6%15)  190(7Y%,)  8(8) 19 (3/,) 16 (3lg) 1.7 (0.06) a b c
3 24 (Y5146) 190 (7Y/5) 127 (5) 152 (6) 4(4) 19 (3/,) 16 (°/g) 1.1 (0.06) a b c
2 20 (314) 150 (6) 92 (3%/g) 121 (434 4(4) 19 (3y) 16 (S/g) 1.68 (0.07) a b c
1Y, 17  125(5) 73 (271g) 98 (37/g) 4(4) 16 (%) 12 (4y) 1.74(0.07) a b c

3B, = inside diameter of pipe.

bE'= outside diameter of pipe + 2t

CE, = outside diameter of pipe.

dCorrosion allowance, if specified, need not be added to flange and cover thicknesses complying with ASME B16.5 Class 150, ASME B16.1 Class
125, and ASME B16.47 flanges.

Note: :: The facing dimensions for dip-on and welding-neck flangesin NPS 1%/, through 20 and NPS 24 are identical to those specified
in ASME BT6.5Tor Class 150 steel flanges. The facing dimensions for flangesin NPS 30, 36, 42, and 48 are in agreement with ASME B16.1 for Class
125 cast iron flanges. The dimensions for large flanges may conform to Series B of ASME B16.47.
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Table 3-9—Dimensions for Flush-Type Cleanout Fittings [mm (in.)]

Columnl Column2 Column3 Column4  Column5 Column6 Column7 Column8 Column9 Column10 Column 1l
ArcWidth  Upper  Upper Corner Flange
of Shell Corner Radiusof Shell  Edge Width& Bottom
Height of Widthof Reinforcing Radiusof Reinforcing Distance (Except at Flange  Specia Bolt Number Diameter
Opening  Opening Plate Opening Plate of Bolts  Bottom) Width Spacing? of of
h b W rq ro e f3 fo g Bolts Bolts
200 (8) 400(16) 1170(46) 100 (4) 360 (14) 32(1Y,) 100 (4) 90 (3%5) 80 (3Y,) 22 20 (31y)
600(24) 600(24) 1830(72) 300(12)  740(29) 40 (1Y) 100 (4) 95(3%,) 90 (3Yy) 36 20 (3y)
900 (36) 1200 (48) 2700(106) 450°¢(18) 1040 (41) 40 (1Y5) 115(4%5) 120(4%s) 110 (4Yy) 46 24.(1)
12009 (48) 1200(48) 3200(125) 600(24) 1310(51Y,) 40(1%,) 115(4Y,) 125(5) 115 (4%5) 52 24(1)

aFor neck thicknesses greater than 40 mm (1946 in.), increase f3 as necessary to provide a 1.5 mm (Y46 in.) clearance

between the required neck-to-flange weld and the head of the bolt.
bRefers to spacing at the lower corners of the cleanout-fitting flange.
CFor Groups 1V, IVA, V, and VI, 600 mm (24 in.).

donly for Group I, 11, 111, or [11A shell materials (see 3.7.7.2).
Note: See{Figure 3-9.|

When connections are installed in quenched and tem-
pered material, the maximum thermal stress-relieving tem-
perature shall not exceed the tempering temperature for the
materialsin the prefabricated stress-relieving assembly. The
stress-relieving requirements do not apply to the weld to the
bottom annular plate, but they do apply to flush-type
cleanout openings when the bottom reinforcing plate is an
annular-plate section. The stress-relieving requirements
need not include the flange-to-neck welds or other nozzle-
neck and manhole-neck attachments, provided the condi-
tions of 3.7.4.2 arefulfilled.

3.7.4.4 Inspection after stress relief shall be in accordance
with 5.2.3.6.

3.7.45 When it isimpractical to stress relieve at a mini-
mum temperature of 600°C (1100°F), it is permissible, sub-
ject to the purchaser’s agreement, to carry out the stress-
relieving operation at lower temperatures for longer periods
of time in accordance with the following tabul ation:

Minimum Stress-Relieving

[hoursper 25mm  See
(°C) (°F (1in.) of thickness] Note
600 1100 1 1
570 1050 2 1
540 1000 4 1
510 950 10 1,2
480 (min.) 900 (min.) 20 1,2

Notes:

1. For intermediate temperatures, the time of heating shall
be determined by straight line interpolation.

2. Stressrelieving at these temperatures is not permitted for
A 537, class 2 material.

Copyright American Petroleum Institute
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e 3.7.5.2 Manholes shdl be of built-up welded co
The dimensions are listed in|Tables 3-3|through| 3-5.| The

3.7.4.6  When used in stress-relieved assemblies, the mate-
rial of quenched and tempered steels A 537, Cl 2 and A 678,
Grade B, and of TMCP steel A 841 shall be represented by
test specimens that have been subjected to the same heat
treatment as that used for the stress relieved assembly.

3.7.5 Shell Manholes
3.7.5.1 Shell manholes shall conform to| Figures 3-4A jand

3-4B an through(3-5|(or Tables 3-6[through/ 3-8),
but other shapes are permitted by 3.7.1.8. Manhole rei -
ing plates or each segment of the plates if they are not made
in one piece shall be provided with a6 mm (¥, in.) diameter
tell-tale hole (for detection of leakage through the interior

welds). Each hole shall be located on the horizontal centerline
and shall be open to the atmosphere.

ion.

dimensions are based on the minimum neck thicknesseslisted
in When corrosion alowance is specified to be
applied to shell manholes, corrosion allowance is to be added
to the mipimum neck, cover plate, and bolting flange thick-
nesses of [Tables 3-3 ang 3-4.

3.7.5.3 The maximum diameter D,, of a shell cutout shall
be as listed in Column 3 of |Table_3-7| Dimensions for
required reinforcing plates are lis

3.7.5.4 The gasket materials shall meet service require-
ments based on the product stored, temperature, and fire
resistance. Gasket dimensions, w%’ conjunction
with thin-plate flanges described in Figure 3-4A | have proven
effective when used with soft gaskets, such as non-asbestos
fiber with suitable binder. When using hard gaskets, such as
solid metal, corrugated metal, metal jacketed, and spiral-
wound metal, the gasket dimensions, manhole flange, and

manhole cover shall be designed per APl Standard 620, Sec-
tions 3.20 and 3.21.

3.7.5.,5 In lieu of using|Figure 3-4A|or design per API

Standard 620, forged flanges and forged blind flanges may be
furnished per 2.6.
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Minimum spacing shall be 8 times the See 3.7.3
shell thickness or ¥/ the radius of the
opening, whichever is less ——
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Note: Dy = diameter of opening.
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Figure 3-6—Minimum Spacing of Welds and Extent of Related Radiographic Examination
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Table 3-10—Minimum Thickness of Cover Plate, Bolting Flange, and Bottom Reinforcing Plate for
Flush-Type Cleanout Fittings [mm (in.)]

Columnl Column2 Column3 Column4

Column5 Column 6

Column7 Column8 Column9 Column 10

Size of Opening h x b (Height x Width)

200 x 400 (8 x 16) 600 x 600 (24 x 24) 900 x 1200 (36 x 48) 1200 x 1200 (48 x 48)
Maximum Thickness  Thickness Thickness  Thickness Thickness  Thickness Thickness  Thickness
Design of Bolting  of Bottom of Bolting  of Bottom of Bolting  of Bottom of Bolting  of Bottom
LiquidLevel Equivadent Flangeand Reinforcing Flangeand Reinforcing Flangeand Reinforcing Flangeand Reinforcing
m (ft) Pressure?  Cover Plate  Plate? Cover Plate  Plate’ Cover Plate  Plated CoverPlate  Plate®
H kPa (psi) tc ty te ty te ty te ty
6.1(200 60(87) 10(3g) 13 (Y5) 10 (3/g) 13 (X/5) 16 (%/g) 21 (13/4¢) 16 (°/g) 22 ("lg)
10 (34) 98(14.7) 10(3l) 13 (X5) 13 (1) 13 (1) 19 (3/,) 25 (1) 21 (%) 28(1Yg) -
12(41)  118(17.8) 10(%g) 13 (Y5) 13 (1) 14 (%) 22 ("lg) 28 (1Yg) 22 ("lg) 30 (13/4¢) -
16 (53) 157 (23) 10 (3/g) 13 (Y5) 14 (%) 16 (%/g) 24 (B 321y 25(1) 33 (154g)
18(60)  177(26)  11(7l4g) 13 (Y5) 16 (%/g) 18 (11/4¢) 25 (1) 33 (154) 28(1Yg)  35(1%)
20(64)  196(27.8) 11 ("h) 13 (Y5) 16 (3/g) 18 (Y/46) 27 (1Y)  35(130p) 28(1Yg)  36(1716)
22(72) 216 (31.2) 11 ("hg) 13 (Y5) 18 (Y1)  19(3y) 28 (11/g) 36 (1716) 30(1346) 38 (1Y)

@Equivalent pressure is based on water loading.
bMaximum of 25 mm (1in.).
CMaximum of 28 mm (1Y/gin.).

3.7.6 Shell Nozzles and Flanges
3.7.6.1 Shell nozzles and ﬂanies shall conform to Figures

and@ and through[ 3-8, but other

shapes are permitted by 3.7.1.8. Nozzle reinforcing plates or
each segment of the plates if they are not made in one piece
shall be provided with a6 mm (Y4 in.) diameter tell-tale hole.
Such holes shall be located substantially on the horizontal
centerline and shall be open to the atmosphere.

3.7.6.2 The details and dimensions specified in this stan-
dard are for nozzles installed with their axes perpendicular to
the shdll plate. A nozzle may beinstalled at an angle other than
90 degreesto the shell plate in ahorizontal plane, provi
width of thereinforcing plate (W or Dg id Figure 3-’5|3n Table
isincreased by the amount that the horizontal chord of the
opening cut in the shell plate (Dp in Ei gure 3-5 Ianq Table 3-7)
increases as the opening is changed from circular to dliptical
for the angular installation. In addition, nozzles not larger than
NPS 3—for the insertion of thermometer wells, for sampling
connections, or for other purposes not involving the attach-
ment of extended piping—may be installed at an angle of 15
degrees or less off perpendicular in a vertical plane without
modification of the nozzle reinforcing plate.

3.7.6.3 The minimum thickness of nozzle neck to be used
shall be equal to the required thickness as identified by the
termt,, in Table 3-6,(Column 3.
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dMaximum of 38 mm (1%, in.).
eMaximum of 45 mm (13/4in.).

Note: Seg Figure 3-9.

3.7.7 Flush-Type Cleanout Fittings

3.7.7.1 Flush-type cleanout fittings shall conform to the
requirements of 3.7.7.2 through 3.7.7.12 and to_the details
and dimensions shown in Figures 3-9fand 3-10 ﬁTabI@ 39
througr{ 3-11] When a size intermediate to the sizes given in
Tables 3-9| through 3-11] is specified by the purchaser, the
construction details and reinforcements shall conform to the
next larger opening listed in the tables. The size of the open-

ing or tank connection shall not be larger than the maximum
size given in the appropriate table.

3.7.7.2 Theopening shall be rectangular, but the upper cor-
ners of the opening shall have a radius equal to one-half the
greatest height of the clear opening. When the shell materia
is Group I, II, 111, or 1A, the width or height of the clear
opening shall not exceed 1200 mm (48 in.); when the shell
materia is Group 1V, IVA, V, or VI, the height shal not
exceed 900 mm (36in.).

3.7.7.3 Thereinforced opening shall be completely preas-
sembled into a shell plate, and the completed unit, including
the shell plate at the cleanout fitting, shall be thermally stress-
relieved as described in 3.7.4 (regardless of the thickness or
strength of the materidl).

3.7.7.4 The cross-sectiona area of the reinforcement over
the top of the opening shall be calculated as follows:
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(T

| |
. < min | E | o <min £ 750
{(1/16--) {t +6 mm (44") max .vn 1(‘13/121;11 {tn +6 mm (Y¢) max V n 1(32%‘— ‘. —.%[ y
Y O 71156} X U] 1ZKe) £Z: 1ZHe)
4 | |<—B—>| | 4 4 | |<—B—>| | 4 4 | |<—Bl—>| | 4
- D —— - D ————» ————— D —
- C — '~ C—— » - c -

PLATE-RING SLIP-ON
WELDING FLANGE

HUB SLIP-ON WELDING
FLANGE

WELDING-NECK FLANGE

Note: The t,, designated for weld thickness is the nominal pipe wall thickness (se¢ Tables 3-6 an.

Figure 3-7—Shell Nozzle Flanges (See [Table 3-8)

1.25
1.00
Vertical axis in Sl units:
(H+88)D+715 123t 05
1.408h 49D (H-0.3)
0.75
Vertical axis in US Customary units: 0.50
(H+29)D + 770 17,850t |°%
385h 26D (H-1)
0.25
0

[T T1]
FrTrrTrT
~— Minimum K;
N
N
N
N
N
N
N
N
N
AN
N\
Maximum K; 1=
1.0 1.1 1.2 1.3 1.4

K, coefficient

Figure 3-8—Area Coefficient for Determining Minimum Reinforcement of Flush-Type Cleanout Fittings

a2 80
) 2
where
Ass = cross-sectional area of the reinforcement over
the top of the opening, in mm? (in.2),

Ky = areacoefficient from Figure 3-8,

h = vertica height of clear opening, in mm (in.),

t = calculated thickness of the lowest shell course,

inmm (in.), required by the formulas of 3.6.3,
3.6.4, or A.4.1 but exclusive of any corrosion
allowance.

Copyright American Petroleum Institute
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3.7.7.5 The thickness of the shell plate in the cleanout-
opening assembly shall be at least as thick as the adjacent
shell plate in the lowest shell course. The thickness of the
shell reinforcing plate and the neck plate shall be the same as
the thickness of the shell plate in the cleanout-opening
assembly.

The reinforcement in the plane of the shell shall be provided
within a height L above the bottom of the opening. L shall not
exceed 1.5h except that, in the case of small openings, L —h
shall not be less than 150 mm (6 in.). Where this exception
resultsin an L that is greater than 1.5h, only the portion of the
reinforcement that is within the height of 1.5h shall be consid-
ered effective. The reinforcement required may be provided by
any one or any combination of the following:
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a. Theshell reinforcing plate.

b. Any thickness of the shell plate in the cleanout-door
assembly that is greater than the thickness of the adjacent
platesin the lowest shell course.

c. The portion of the neck plate having a length equal to the
thickness of the reinforcing plate.

3.7.7.6  The minimum width of the tank-bottom reinforc-
ing plate at the centerline of the opening shall be 250 mm
(10 in.) plus the combined thickness of the shell plate in the
cleanout-opening assembly and the shell reinforcing plate.

The minimum thickness of the bottom reinforcing plate shall
be determined by the following equation:

In Sl units:
é h’ b
98 t, = +—JHG
360,000 170
where
' t, = minimum thickness of the bottom reinforcing

plate, in mm,

h = vertical height of clear opening, in mm,
b = horizontal width of clear opening, in mm,
H = maximum design liquid level (see3.6.3.2), inm.
98] G = gpecific gravity, not lessthan 1.0.
In US Customary units:
2
% b = 14{1000 ¥ %}JITG
where
t, = minimum thickness of the bottom reinforcing
plate, (in.),
h = vertica height of clear opening, (in.),
b = horizontal width of clear opening, (in.),
H = maximum design liquid level (see 3.6.3.2), (ft),
98| G = gpecific gravity, not lessthan 1.0.

3.7.7.7 The dimensions of the cover plate, bolting flange,
bolting, and bottom-reinforcing plate shall conform to Tables
[3-9Janq 3-10)

3.7.7.8 All materids in the flush-type cleanout fitting
assembly shall conform to the requirementsin Section 2. The
shell plate containing the cleanout assembly, the shell rein-
forcing plate, the neck plate, and the bottom reinforcing plate
shall meet theimpact test requirements of 2.2.9 and Figure 2-1]
for the respective thickness involved at the stated design metal
temperature for the tank. The notch toughness of the bolting
flange and the cover plate shall be based on the governing

01
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thickness as defined in 2.5.5.3 using| Table 2—3(5, Table 2-

3(b), ang Figure 2-1} Additionaly, the yield strength and the
tenslle strength of the shell plate at the flush-type cleanout fit-
ting, the shell reinforcing plate, and the neck plate shal be
equad to, or greater than, the yield strength and the tensile
strength of the adjacent lowest shell course plate material.

3.7.7.9 Thedimensionsand details of the cleanout-opening
assemblies covered by this section are based on interna
hydrostatic |oading with no external-piping loading.

3.7.7.10 When aflush-type cleanout fitting isinstalled on a
tank that is resting on an earth grade without concrete or
masonry walls under the tank shell, provision shall be made
to support the fitting and retain the grade by either of the fol-
lowing methods:

a. Ingtal avertical steel bulkhead plate under the tank, along
the contour of the tank shell, symmetrical with the opening,
as shown in[Figure 3-10) Method A.

b. Install a concrete or masonry retaining wall under the tank
with the wall’s outer face conforming to the contour of the
tank shell as shown in|Figure 3-10/Method B.

3.7.7.11 When aflush-type cleanout fitting isinstalled on a
tank that isresting on aringwall, a notch with the dimensions
shown in Method C, shall be provided to accom-
modate the cleanout fitting.

3.7.7.12 When aflush-type cleanout fitting isinstalled on a
tank that is resting on an earth grade inside a foundation
retaining wall, a notch shall be provided in the retaining wall
to accommodate the fitting, and a supplementary inside

retaining wall shall be provided to support the fitting and

retain the grade. The dimensions shall be as shown in
Method D.

3.7.8 Flush-Type Shell Connections

e 3.7.8.1 Tanksmay have flush-type connections at the lower
edge of the shell. Each connection may be made flush with the
flat bottom under the following conditions (seq Figure 3-11):

a The shell uplift from the internal design and test pressures
(see Appendix F) and wind and earthquake loads (see Appen-
dix E) shall be counteracted so that no uplift will occur at the
cylindrical-shell/flat-bottom junction.

b. Thevertical or meridional membrane stressin the cylindri-
cal shell at the top of the opening for the flush-type connection
shall not exceed one-tenth of the circumferential design stress
in the lowest shell course containing the opening.

¢. Themaximum width, b, of the flush-type connection open-
ing in the cylindrical shell shall not exceed 900 mm (36in.).
d. The maximum height, h, of the opening in the cylindrica
shell shall not exceed 300 mm (12in.).

e. The thickness, t,, of the bottom transition plate in the
assembly shall be 12.5 mm (¥/2 in.) minimum or, when speci-
fied, the same as the thickness of the tank annular plate.
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3-26 APl STANDARD 650

Table 3-11—Thicknesses and Heights of Shell Reinforcing Plates for Flush-Type Cleanout Fittings [mm (in.)]

Height of Shell Reinforcing Plate for

Thicknessof Lowest Maximum DesignLiquid Size of Opening h x b (Height x Width)
Shell Course Level® mm (ft)
t, tg@ H
mm (ft) m (ft) 200 x 400 (8 x 16) 600 x 600 (24 x 24) 900 x 1200 (36 x 48) 1200 x 1200 (48 x 48)
00 5: All <22(72) 350 (14) 915 (36) 1372 (54) 1830 (72)
Notes:
. Dimensionsty and L may be varied within the limits defined in 3.7.7.
01 b1200 x 1200 (48 x 48) flush-type cleanouit fittings are not permitted for tanks with greater than 38 mm (1% in.) lowest shell course thickness.
. CSee3.6.3.2.
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A=

Shell plate
of lowest
shell
course =t

Ar---

C

6 mm

One telltale 6 mm (¥/4")
hole in reinforcing
plate at about
mid-height

|
|
-
|
i
o
|
(M4 Equal spaces | | [6 mm
~E\ (a")
(See Note 1) —» B - 9\777?# /Ji f, y

Nearest horizontal weld T

, 375 mm

Shell plate at cleanout fitting = t 4 (157) min

A

See Detail b Reinforcing plate =t 4

1
(See Note 5)—

Flange bolt-hole J

=| diameter = bo c
diameter (see|Table|
i +3 mm (8

-—————— p[2 ————

150 mmi=-300 mm —~
(6") min  (12") mi

B = *7’%4@,,7}7,7

f3/2~6 mm (/") l« Equal spaces ! A -
1 e

W/2 arc dimensions
in

Notch as required to provide flush joint under shell ring (see Section D-D)

e NV Eﬁ
6 mm (1/4

175 10 mm (3/8") thick
td |450mnr1nm>| /_
Full-fillet )
weld -~ 40mm (11/2")1
mm“m ¥ 75mm | iting Lu

T® 9Lug

40rnm(11 )1

227777,
SECTION B-B (hs") M N Cover plate
] Detail a
75 mm (3") radius Versine-l

(1%4") min

Full-penetration SECTION D-D

SN2,

(See Note 3) |‘ 114") |
min

Notes:
1. Thickness of thinner plate joi

il

32 mm (1%4") min

! (See
I Note 1)

(See Note 5)—+—Y—  See Detail a /%

A
Round A f
e and grind ty

-
] -— td
See Detail b
for top and
sides
125 mm
| "
. - {~—
h
Bottom
plate
\
| t
6 mm
(H4")
SECTION A-A

Grind radius on corner
when weld is less than t 4

-
ty | ?
[40 mm (13") max (

Detail b

‘_.‘ ~ tc
e §
AN 7 /N Y s

3
‘ 4 7 =

—

53

(See Note 5)
[ Neck bevel shall be

plate may be butt-welded with a weld joint suitable for complete

t,+ty+ 250 mm (10"
(") (") (see Note 2) o0 mm @) max] approximately 10 degrees
SECTION C-C
ned [13 mm (Y/5 in.) maximum]. penetration and fusion.

2. When an annular plate is provided, the reinforcing plate shall be e 4. Gasket material shall be specified by the purchaser. The gasket

regarded as a segment of the annular plate and shall be the same

width as the annular plate.

3. When the difference between the thickness of the annular ring and
that of the bottom reinforcing plate is less than 6 mm (Y/4 in.), the
radial joint between the annular ring and the bottom reinforcing

Figur
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material shall meet service requirements based on product stored,

temperature and fire resistance.

5. The thickness (tg) of the shell plate at the cleanout opening, the
reinforcing plate, and the neck plate, shall be equal to or greater
than the thickness (t) of the shell plate of the lowest shell course.

e 3-9—Flush-Type Cleanout Fittings (See Tables 3-9)3-10

ancﬂ 3-11)
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-«— Cover plate

Vf— Bottom reinforcing plate
}) S35 150 mm
% [ e ,f}f‘(;/b )(11/2‘6) Weld after
300 sl e mm (e fitting i
N (12")mnrlri1n @VMA@VKJ/ ilnsl?;flclesd
(See_ {—» 6 mm (*/4") min (see Note 1)
Detail a) ;%__ Inside of shell

o]

00 mm (24") min

7@’&%

R
<

-a— Cover plate
'f— Bottom reinforcing plate

7 AT

W + 900

100-300 mm (4-12")

(See. (12") min  —p-
Detailb) | Inside of shell
ST

600 mm (24") min

W + 900 mmp-(36-)-min
(seg Table 3-9
for Wvalues

mm_(36") min
(se& Table 3-9

Concrete or masonry

Inside of shell at
centerline of opening

T

600 mm (24") min

Shell plate /4

Detail a

METHOD A-TANK RESTING ON EARTH GRADE (SEE NOTE 2)

Inside of shell at
centerline of opening

for W values)

600 mm (24") min

Detail b

METHOD B-TANK RESTING ON EARTH GRADE (SEE NOTE 3)

-a— Cover plate
'f— Bottom reinforcing plate

E 300 mm

C@ymin g * -
(See Details v S
cand d) - . Inside of shell

O e

3
&
3

METHOD C-TANK RESTING ON

Inside of shell

Notch to suit bottom reinforcing plate :
at centerline

Inside of shell
at centerline
of opening
300 mm (12") min
Detail d

W + 300 mm (12") min, except as limited
by foundation curvature in Detail d

(see|Table 3-9 for W values)

CONCRETE RINGWALL (SEE NOTE 3)
Notch to suit bottom reinforcing plate

over plate _ _ ( Inside of shell at
Bottom reinforcing plate centerline of opening
N
}A\: RO Alternative
| S | notch detail
? W@Z@Y /\300mm
(See  cmym - ” 100-300 mm (4-12") (127 min
Detaile) 'y - Inside of shell
R " ’l<—— Retaining wall
" . ‘600’ mm X Construction joint, to permit )
| (247) minR tank and retaining wall to Ringwall notch /4
. ngwall:\* D settle independently Ri I
SRR 13 S from ringwall ingwa i
T SRR, g Detail e

METHOD D-TANK REST

ING ON EARTH GRADE INSIDE

CONCRETE RINGWALL (SEE NOTE 3)

Notes:

1.This weld is not required if the earth is stabilized with portland cement
at a ratio of not more than 1:12 or if the earth fill is replaced with con-
crete for a lateral distance and depth of at least 300 mm (12 in.).
2.When Method A is used, before the bottom plate is attached to the
bottom reinforcing plate, (a) a sand cushion shall be placed flush with
the top of the bottom reinforcing plate, and (b) the earth fill and sand
cushion shall be thoroughly compacted.

3.When Method B, C, or D is used, before the bottom plate is
attached to the bottom reinforcing plate, (a) a sand cushion shall be
placed flush with the top of the bottom reinforcing plate, (b) the
earth fill and sand cushion shall be thoroughly compacted, and (c)
grout shall be placed under the reinforcing plate (if needed) to
ensure a firm bearing.

Figure 3-10—Flush-Type Cleanout-Fitting Supports (See 3.7.7)

Copyright American Petroleum Institute
Reproduced by IHS under license with API

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



00

WELDED STEEL TANKS FOR OIL STORAGE 3-29

Table 3-12—Dimensions for Flush-Type Shell Connections [mm (in.)]

Class 150 Arc Width of Shell ~ Upper Corner Radius of Lower Corner Radius of
Nomina Height  Height of Opening Width of Opening Reinforcing Plate Opening Shell Reinforcing Plate
of Flange Size h b W r ro
8 200 (8%/g) 200 (8%/g) 950 (38) 1002 350 (14)
12 300 (123/,) 300 (123/,) 1300 (52) 1502 450 (18)
16 300 (12) 500 (20) 1600 (64) 150 (6) 450 (18)
18 300 (12) 550 (22) 1650 (66) 150 (6) 450 (18)
20 300 (12) 625 (25) 1725 (69) 150 (6) 450 (18)
24 300 (12) 900 (36) 2225 (89) 150 (6) 450 (18)
aFor circy f ?f'?f this value will be ¥/, of the ID based on the nozzle neck specified.
Note: Se% Figure 3-11.
3.7.8.2 The ils of the connection shall conform to In Sl units:
those shown ir{ Figure 3-11| and the dimensions of the con-
nection shall conform to|Table 3-12 land to the requirements n b
of 3.7.8.3 through 3.7.8.11. t, = +—JHG 98
360,000 170
3.7.8.3 Thereinforced connection shall be completely pre- where
assembled into a shell plate. The completed assembly, includ- — min ; : ;
ing the shell plate containing the connection, shall be t mlla:l mum thickness of the bottom reinforcing
thermally stress-relieved at a temperature of 600°C to 650°C piate, mmm,
(1100°F to 1200°F) for 1 hour per 25 mm (1 in.) of shell-plate h = vertica height of clear opening, in mm,
hick 741 7.4.2).
thickness, tq (see 3 and3 ) b = horizontal width of clear opening, in mm,
3.7.8.4 There nfor_cement _for aflush-type shell connection H = maximum design liquid level (see3.6.3.2), inm,
shall meet the following requirements: G = specific gravity, not less than 1.0.
a. The cross-sectional area of the reinforcement over the top
of the connection shall not be less than K1ht/2 (see 3.7.7.4). In US Customary units:
b. The thickness of the shell plate, tgy, for the flush-connec-
tion assembly shall be at least as thick as the adjacent shell i b
plate, t, in the lowest shell course. t, = +—JHG 98
c. The thickness of the shell reinforcing plate shall be the 14,000 310
same as the thickness of the shell plate in the flush-connec- h
tion assembly. where
d. The reinforcement in the plane of the shell snall be pro- tp = minimum thickness of the bottom reinforcing
vided within a height L above the bottom of the opening. L late, (in.)
shall not exceed 1.5h except that, in the case of small open- piae, (n.),
ings, L — h shdl not be less than 150 mm (6 in.). Where this h = vertica height of clear opening, (in.),
exception results in an L that is greater than 1.5h, only the b = horizontal width of d ina. (in
portion of the reinforcement that is within the height of 1.5h = forizo of dlear opening, (in.),
shall be oonsidered_ effective. _ H = maximum design liquid level (see 3.6.3.2), (ft),
e. The required reinforcement may be provided by any one G = specific gravity, not less than 1.0.

or any combination of the following: (1) the shell reinforcing
plate, (2) any thickness of the shell plate in the assembly that
is greater than the thickness of the adjacent platesin the low-
est shell course, and (3) the portion of the neck plate having a
length equa to the thickness of the reinforcing plate.

f. The width of the tank-bottom reinforcing plate at the cen-
terline of the opening shal be 250 mm (10 in.) plus the
combined thickness of the shell plate in the flush-connection
assembly and the shell reinforcing plate. The thickness of the
bottom reinforcing plate shall be calculated by the following
equation (see 3.7.7.6):

Copyright American Petroleum Institute
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The minimum value of t, shall be;

16 mm (%/gin.) for HG < 14.4 m (48 ft),
98
17 mm (/g in.) for 14.4 m (48 ft) < HG < 16.8 m (56 ft),

19 mm (3/4in.) for 16.8 m (56 ft) < HG < 19.2 m (64 ft).

g. The minimum thickness of the nozzle neck and transition
piece, t,, shall be 16 mm (%/gin.). External loads applied to the
connection may require t, to be greater than 16 mm (?/gin.).
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c =

Centerline of connection

Shell plate in

flush connection =t ' 375 mm (15") min

v

150 mm (6") min

Reinforcing plate =t 4
See Section C-C

Figure 3-11

continued

Shell plate of
lowest shell
course =t

P
\ | L
/ B
One 6 mm (/4") telltale \ ! h
hole in reinforcing plate
at about mid-height
‘ B t,=16 mm (/") min —s|{J— B ‘
K—\ - b/2—»
\i
[ —/ [
| ./ ~" |
I -

Full-penetration W/2 arc dimensions —————— ™

weld 150 mm' 300 mm

(6") min  (12") min

Notch as required to provide
flush joint

Bottom reinforcing plate

C =

Bottom plate

All joints approximately
90 degrees

Full-fillet weld

Bottom transition
plate for minimum
arc dimension of
W + 1500 mm (60")

2

1 2t,+ 250 mm (10"

' -

Bottom reinforcing plate Butt-weld —

SECTION B-B

Nozzle transition to
circular flange

—

AV N\
(See note) +

Butt-weld /—> §

Note: Thickness of thinner plate joined 13 mm (Y/5 in.) maximum.

b

SECTION A-A

Centerline
of connection

Figure 3-11—Flush-Type Shell Connection
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Round corner
Qwhen ty>38 mm (11/2")
Full-penetration weld

t d
(38 mm [1%/2"] max)

' Bott_om Bottom
(See note) reinforcing transition

" plate t, plate t,
td —-
i Round corner

L t, =16 mm (/") min 211

4

+
!

~—— b/, (min) —»

Nozzle transition Centerline of

h - - - - - - - - nozzle flange and
shell opening
— 2t , + 250 mm (10") —»~| Bottom plate

/%% ty ta=13 mm (*/2") min / Alternative
* * V' A butt-weld detail
.

) :

: }

* Bottom
transition

plate t,

1
See (1) 4

({/ Flanges per

Typical Detail for Connections with b =h

Full-penetration

125 mm
-—— /2 —— |- (5"

Round

corner

whent, =
V

Back chip
and weld

38 mm (1%2") Bottom 6 mm
reinforcing (M4") min

plate t,

32 mm
(1%4") min

Full-penetration
weld

(See note)

1t » =16 mm (/") min

< 30°

Nozzle transition Round corner

Centerline —
o nogrle (see 3.7.8.4, Item g)
flange h
— 2t , + 250 mm (10") —» Bottom plate
Nozzle neck __| l '/%e to V/
(see 3.7.8.4, | T~ * * a A
Item g) XN \{% W\ AN N
TN f A
: }
- tn
(_/ Flanges per|Table 3-8
Typical Detail for Connections with b > h
SECTION C-C
Notes:

Thickness of thinner plate joined 13 mm (Y/5 in.) maximum.
(1) Flange weld sizes shall be the smaller of available hub material or t,.

Figure 3-11—Flush-Type Shell Connection (continued)
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3.7.8.5 All materids in the flush-type shell connection
assembly shall conform to the requirementsin Section 2. The
material of the shell plate in the connection assembly, the
shell reinforcing plate, the nozzle neck attached to the shell,
the transition piece, and the bottom reinforcing plate shall
01 conform to 2.2.9 ano( Figure 2-1 |f0r the respective thickness
involved at the stated design metal temperature for the tank.
The notch toughness of the bolting flange and the nozzle neck
attached to the bolting flange shall be based on the governing
thickness as defined in 2.5.5.3 and used in Fi éure 2-1] Addi-
tionally, the yield strength and the tensile strength of the shell
plate at the flush-type shell connection and the shell reinforc-
ing plate shall be equd to, or greater than, the yield strength

Position of shell after
elastic movement

Initial centerline
of connection

and the tensile strength of the adjacent lowest shell course
plate material .

3.7.8.6 The nozzle transition between the flush connection
in the shell and the circular pipe flange shall be designed in a
manner consistent with the requirements of this standard.
Where this standard does not cover all details of design and
construction, the manufacturer shall provide details of design
and construction that will be as safe asthe details provided by
this standard.

3.7.8.7 Where anchoring devices are required by Appen-
dixes E and F to resist shell uplift, the devices shall be spaced
so that they will be located immediately adjacent to each side
of the reinforcing plates around the opening.

Initial shell radius =R

Shell radius = R + AR

Height of bending
in shell varies with

tank radius and
thickness

-—- Transition plate

Angle of

rotation D
Centerline of

connection after
elastic movement
of shell

Inside of shell at
centerline of opening

W + 300 mm (12") min,
except as limited by
curvature of foundation
(see Detalil b)

Detail a

Notch to suit bottom reinforcing plate

Bottom

Inside diameter of shell

Inside of shell at
centerline of opening

Detail b

DETAILS OF NOTCH IN RINGWALL

Figure 3-12—Rotation of Shell Connection

Copyright American Petroleum Institute
Reproduced by IHS under license with API

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

01



03

WELDED STEEL TANKS FOR OIL STORAGE 3-33

3.7.8.8 Adequate provision shal be made for free move-
ment of connected piping to minimize thrusts and moments
applied to the shell connection. Allowance shall be made for
the rotation of the shell connection caused by the restraint of
thetank bottom to shell expansion from stress and temperature

aswell asfor the thermal and elastic movement of the piping.
Rotation of the shell connection isshown i ri Figure 3-12.

3.7.8.9 The foundation in the area of a flush-type connec-
tion shal be prepared to support the bottom reinforcing plate of
the connection. The foundation for atank resting on a concrete

ringwall shall provide uniform support for both the bottom
reinforcing plate and the remaining bottom plate under the tank

shell. Different methods of supporting the bottom reinforcing
plate under aflush-type connection are shown ivE Figure 3-10.

3.7.8.10 FHush-type connections may be installed using a
common reinforcing pad; however, when this construction is
employed, the minimum distance between nozzle centerlines
shall not be less than 1.5[by + by + 65 mm (21/5 in.)], where
b, and by are the widths of adjacent openings, or 600 mm (24
in.), whichever is greater. The width of each opening, b, shall
be obtained from for the respective nominal flange
size. Adjacent shallfiush-type connections that do not share a

common reinforcing plate shall have at least a 900 mm (36
in.) clearance between the ends of their reinforcing plates.

3.7.8.11 All longitudina butt-welds in the nozzle neck and
transition piece, if any, and the first circumferential butt-weld
in the neck closest to the shell, excluding neck-to-flange
weld, shall receive 100% radiographic examination (see 6.1).
The nozzle-to-tank-shell and reinforcing plate welds and the
shell-to-bottom reinforcing plate welds shall be examined for
their complete length by magnetic particle examination (see
6.2). The magnetic particle examination shall be performed
on the root pass, on every 12.5 mm (Y5 in.) of deposited weld
metal while the welds are made, and on the completed welds.
The completed welds shall aso be visually examined. The
examination of the completed welds shall be performed after
stress-relieving but before hydrostatic testing (see 6.2 and 6.5
for the appropriate inspection and repair criteria).

3.8 SHELL ATTACHMENTS AND TANK
APPURTENANCES

3.8.1 Shell Attachments

3.8.1.1 Shell attachments shall be made, inspected, and
removed in conformance with Section 5.

a. Permanent attachments are items welded to the shell that
will remain while the tank is in its intended service. These
include items such as wind girders, stairs, gauging systems,
davits, walkways, tank anchors, supports for interna items
such as heating coils and other piping supports, ladders, float-
ing roof supports welded to the shell, exterior piping
supports, grounding clips, insulation rings, and electrical con-
duit and fixtures. Items installed above the maximum liquid
level of the tank are not permanent attachments.

b. Temporary attachments are items welded to the shell that
will be removed prior to the tank being commissioned into its

Copyright American Petroleum Institute
Reproduced by IHS under license with API

intended service. These include items such as alignment
clips, fitting equipment, stabilizers, and lifting lungs.

3.8.1.2 When attachments are made to shell courses of
materia in Group IV, IVA, V, or VI, the movement of the
shell (particularly the movement of the bottom course) under
hydrostatic loading shall be considered, and the attachments
shall meet the following requirements:

a. Permanent attachments may be welded directly to the shell
with fillet welds having a maximum leg dimension of 13 mm
(Y5 in.). The edge of any permanent attachment welds shall be
at least 75 mm (3 in.) from the horizontal joints of the shell
and at least 150 mm (6 in.) from the vertical joints, insert-plate
joints, or reinforcing-plate fillet welds. Permanent attachment
welds may cross shell horizontal or vertical butt welds provid-
ing the welds are continuous within these limits and the angle
of incidence between the two welds is greater than or equd to
45 degrees. Additionally, any splice weld in the permanent
attachment shall belocated aminimum of 150 mm (6in.) from
any shell weld unless the splice weld is kept from intersecting
the shell weld by acceptable modifications to the attachment.
b. The welding and inspection of permanent attachments to
these shell courses shall conform to 5.2.3.5.

c. Temporary attachmentsto shell courses shall preferably be
made prior to welding of the shell joints. Weld spacing for
temporary attachments made after welding of the shell joints
shall be the same as that required for permanent attachments.
Temporary attachments to shell courses shall be removed,
and any resulting damage shall be repaired and ground to a
smooth profile.

3.8.2 Bottom Connections

Connectionsto thetank bottom are permitted subject to agree-
ment between the purchaser and the manufacturer with respect
to details that provide strength, tightness, and utility equd to the
details of shell connections specified in this standard.

3.8.3 Cover Plates

3.8.3.1 Unreinforced openings less than or equal to NPS 2
pipe size are permissible in flat cover plates without increas-
ing the cover plate thickness if the edges of the openings are
not closer to the center of the cover plate than one-fourth the
height or diameter of the opening. Requirements for openings
NPS 2 pipe size and smaller that do not satisfy the location

requirement and for larger reinforced openings are given in ‘

3.8.3.2 through 3.8.3.4.

3.8.3.2 Reinforced openings in the cover plates of shell :
manholes shall be limited to one-half the diameter of the:
manhole opening but shall not exceed NPS 12 pipe size. The'.
reinforcement added to an opening may be areinforcing plate :
or an increased thickness of the cover plate, but in either case, -
the reinforcement shall provide an added reinforcing areano

less than the cutout area of the opening in the cover plate.

A cover plate with a nozzle attachment for product-mixing
equipment shall have a thick st 1.4 times greater
than the thickness required by [Table 3-3. |The added thickness
(or pad plate) for replacement of the opening cutout in the
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cover plate shall be based on [Table 3-3.[The 40% increase in
thickness within aradius of one diameter of the opening may
be included as part of the area of replacement required. The
mixer-nozzle attachment to the cover plate shall be afull-pen-

etration weld. The manhole bolting-flange thickness shall not
be less than 1.4 times the thickness required by Table 3-3.

3.8.3.3 When cover plates (or blind flanges) are required
for shell nozzles, the minimum thickness shall be that given
for flanges iReinforced openings in the cover
plates (or blind flanges) of shell nozzles shall be limited to
one-half the diameter of the nozzle. The reinforcement added
to an opening may be an added pad plate or an increased
thickness of the cover plate, but in either case, the reinforce-
ment shall provide an added reinforcing area no less than
50% of the cutout area of the opening in the cover plate.
Mixer nozzles may be attached to cover plates.

3.8.3.4 Openings in the cover plates of flush-type cleanout
fittings shall be limited to NPS 2 pipe size in accordance with
3831

3.8.4 Roof Manholes

Roof manholes shall conform to|Figure 3-13 and Table

If work is expected to be carried on through the man-

hole opening while the tank is in use, the roof structure
around the manhole shall be reinforced.

3.8.5 Roof Nozzles

3.8 anged roof nozzles shall conform tg Figure 3-16

and Slip-on welding and welding-neck flanges
shall conform to the requirements of ASME B16.5 for Class
150 forged carbon steel raised-face flanges. Plate-ring flanges
shall conform to al of the dimensional requirements for dip-
on welding flanges with the exception that the extended hub
on the back of the dip-on welding flanges can be omitted.

3.8.5.2 Threaded roof nozzles shall conform tg Fiqure 3-17
and Table 3-15

3.8.6 Rectangular Roof Openings
3.8.6.1 Rectangular roof openings in supported roofs shall

conform to[Figure 3-14 of 3-T5]and/or this section. If work is
expected to be carried on through the roof opening, while the
tank isin use, the roof structure around the roof opening shall
be reinforced.

3.8.6.2 The cover plate thickness and/or structural support
shall be designed to limit maximum fiber stresses in accor-
dance with this standard, however, cover plate thickness
shall not be less than 5 mm (3/4 in.). In addition to other
expected design loads, consider a 112 kg (250 Ib) person
standing in the center of the installed/closed cover. The
designer shall consider wind in the design of hinged open-
ings and how removed covers will be handled without dam-
age (adequate rigidity).
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3.8.6.3 Rectangular openings, other than shown in
and and openings larger than indicated shall be
designed by an engineer experienced in tank design in accor-
dance with this standard. Hinged covers prescribed in
may not be used on roofs designed to contain interna
pressure. Flanged covers prescribed inmay not
be used on tanks with interna pressures (acting across the
cross sectional area of the tank roof) that exceed the weight of
the roof plates. This section applies only to fixed steel roofs.

e 3.8.7 Water Drawoff Sumps

Water drawoff sumps shall be as specified in|Figure 3-18

ang Table 3-16,|unless otherwise specified by the purchaser.

3.8.8 Scaffold-Cable Support

The scaffold-cable support shall conform tg Figure 3-19.

Where seams or other attachments are located at the center of
the tank roof, the scaffold support shall be located as close as
possible to the center.

3.8.9 Threaded Connections

Threaded piping connections shall be female and tapered.
The threads shall conform to the requirements of ASME
B1.20.1 for tapered pipe threads.

3.8.10 Platforms, Walkways, and Stairways
Platforms, walkways, and stairways shall be in accordance

with[Tables 3-17| [3-18 ] and 3-19.

3.9 TOP AND INTERMEDIATE WIND GIRDERS
3.9.1 General

An open-top tank shall be provided with stiffening rings
to maintain roundness when the tank is subjected to wind
loads. The stiffening rings shall be located at or near the top
of the top course, preferably on the outside of the tank shell.
This design for wind girders applies to floating-roof tanks
covered in Appendix C. The top angle and the wind girders
shall conform, in material and size, to the requirements of
this standard.

3.9.2 Types of Stiffening Rings

Stiffening rings may be made of structural sections, formed
plate sections, sections built up by welding, or combinations
of such types of sections assembled by welding. The outer

periphery of stiffening rings may be circular or polygonal
(see Figure 3-20).

3.9.3 Restrictions on Stiffening Rings

3.9.3.1 The minimum size of angle for use alone or as a
component in abuilt-up stiffening ring shall be 64 x 64 x 6.4
mm (217, x 21/, x 1/, in.). The minimum nominal thickness of
plate for use in formed or built-up stiffening rings shall be 6
mm (Y4 in.).
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16 mm (%/") diameter bolts in 19 mm (3/4")
diameter holes (se¢ Table 3-13(for number I 03
of bolts; bolt holes shall straddle centerlines)

| X
é 150 rrTm (6" 6 mm (*/4") cover plate

6 mm (Y/4")
6 mm

cover plate
W (H4")
o 6 mm (Y4") \E f
diameter rod P (hs")

Alternative Flange Detail

1.5 mm (Y16")
thick gasket —»

e e Axis always or 150 mm (6) min |00
N vertical ’,
" 6 mm (1/4 ) K 6mm l:(J/A") N I K 55 mm ;(3/]5)
( Pt - — ;;"“;""‘"‘I‘;;;)""Ilvl”"l"
[ 1> i 1
‘f""\"(((g"""‘"(((("‘""‘ —————
VAN

| e
L Roof plate ‘ ! ID
I

Alternative Neck-to-
Roof-Plate Joint

6 mm (Ya") —m=

BASE FOR ROOF MANHOLE WITHOUT REINFORCING PLATE

Figure 3-13—Roof Manholes (Se€ Table 3-13)
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Table 3-13—Dimensions for Roof Manholes [mm (in.)]
Column 1 Column 2 Column 3 Column 4 Column5 Column 6 Column7 Column 8 Column 9
Diameter of
Hole in Roof Outside
Diameter Diameter Plate or Diameter of
Diameter of Cover of Bolt Diameter of Gasket Reinforcing  Reinforcing
Size of of Neck Plate Circle Number Plate Plate
Manhole D2 D¢ Dg of Bolts Inside Outside Dp Dr
500 (20) 500 (20) 650 (26) 590 (231/,) 16 500 (20) 650 (26) 515 (20%/g) 1050 (42)
600 (24) 600 (24) 750 (30) 690 (27%5) 20 600 (24) 750 (30) 615 (24°/g) 1150 (46)

Note:

Table 3-14—Dimensions for Flanged Roof Nozzles

Pipem eck, providing the minimum nominal wall thicknessis 6 mm (Y4 in.). (ID and Dy shall be adjusted accordingly.)
e Figure 3-15.

Table 3-15—Dimensions for Threaded Roof Nozzles

[mm (in.)] [mm (in.)]
Column1l Column2 Column3  Column4 Column5 Column1l Column?2 Column 3 Column 4
Diameter Diameter
of Holein Roof Outside of Hole Outside
Outside Plate or Minimum Diameter of in Roof Plate Diameter of
Diameter Reinforcing Height Reinforcing or Reinforcing Reinforcing
Nozzle of Pipe Plate of Nozzle Plate? Nozzle  Coupling Plate Plate?
NPS Neck Dp HR DR NPS NPS Dp DR
1Y,  483(1900)  50(2) 150(6) 125 (5) ¥4 ¥4 36 (17/16) 100 (4)
1 1 44 (123 110 (4%
2 60.3 (23/8) 65(21,) 150 (6) 175 (7) (™22 )
1Y, 1Y, 60 (211/3,) 125 (5)
3 88.9 (3Y 92 (3% 150 (6 225(9
(372 (3%g) (6) ) ) ) 7603) 175(7)
4 114.3 (4%5) 120 (4%/g) 150 (6) 275(11) 3 3 105 (4Y/g) 225 (9)
6  1683(6%)  170(6%;) 150(6)  375(15) 4 4 135 (5'/3) 275 (11)
6 6 192 (7Y7/3)) 375 (15)
8 219.1 (8%/g) 225 (87/g) 150 (6) 450 (18)
8 8 250 (97/g) 450 (18)
10 273.0 (10% 280 (11 200 (8 550 (22
(10%4) (11 ®) (22) 10 10 305 (12) 550 (22)
12 3238(12%,)  330(13) 200(8)  600(24) 12 12 360 (14Y,) 600 (24)

@Reinforcing plates are not required on nozzles NPS 6 or smaller but
may be used if desired.

Note: Se¢ Figure 3-16.
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Grind flush\

Typical —7F —
%
) Section A-A, Typical
—>| |<—75 mm (3") typical ‘
(o} S o (o] (o] (o] o (o] (o] (o] o (o] X_l
_ (P A
c—————
o N 0\ ~—
125 mm (5")
ical \ : |
o P o Typical
o Neck 6 mm (¥,") thick min. %
fo) (0]
B B
1800 mm A o) Except for handles, cover o A
(6") max B plate not shown. H
bl _o-|-
a —N—
o 16 mm (%/") diameter rod, o
/ 4 places
© ——Do °
o (o] o (o) o (o] o (o) o (o) (o]
1.5 mm (Y,¢") thick gasket !‘ 900 mm (3') max

Cover 5 mm (34" thick minimum 150 r(rén;
5 mm (3/16") galv. wirerope lanyard | |

| I 5 mm (3/4") typical ElOO mm (4") minimum

75 mm (3") x 10 mm (%"
1 75 mm_f \/bar flange
(3

250 mm
(10") max

\\

\
\

Roof plate

38 mm (1.5") x 38 mm (1.5") x 6 mm (Y/,") tab
Section B-B

6 mm (%,") reinforcing plate, when required. See Note 4.

Notes:

1. Weld size shall be the smaller of the plate thicknesses being joined.

2. Cover may be either parallel to roof or horizontal. Opening may be oriented as desired.

3. Bolts shall be 16 mm (%/g-in.) diameter in 20 mm (3/4-in.) holes, which shall be equally spaced and shall not exceed 125 mm (5 in.) on cen-
ter.

4. When required, provide 6 mm (Y/4-in.) reinforcing plate. Width at least 1/, smallest opening dimension. Round outside corners with 75 mm

Figure 3-14—Rectangular Roof Openings with Flanged Covers
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3-38 APl STANDARD 650
Typical
Il
Il P
I _[ 50 mm (2") typical
Il 3 ™ tuni
I 5 mm (%) typical 53mm
)
:' 16 mm (%g") diameter rod handle, 1 place I ")
-I-: Ec;r 90_0tm?1 (|3) or less cover, 2 places at I| \ Fabricate hinges from NPS 1
4points or larger openings I SCH 40 pipe and 22 mm ("/g") rod,
1800 mm 150 mm I minimum 2 each, maximum 600 mm
(6') max I (2 O.C., equally spaced.
Neck 6 mm (Y,") thick min. I
Provide 2 lock tabs for openings ::
larger than 900 mm (3'
S @) ﬂ—
T N il
I I
I I
———————— I.l—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_u
! 900 mm (3") maX4>|
Plan
125 mm (5")
75 mm
3" ﬂ/-V 5 mm (") n;inimum thick cover r 50 mm (2%)
.?/_ _________________
; 4
T % //‘ 1 ? 6 100 mm (4") minimum
1 6 mm
250 mm —| |-— (1/4") Note 2 — —
10" i =
(10 maxy” o min. J e
—— Roof plate
’ —
Elevation
Notes:

1. Weld size shall be the smaller of the plate thicknesses belng joined.
2. Cover may be either parallel to roof or horizontal. --- ng may be oriented as desired.
3. Reinforcement, when required, shall be as shown i |n

4. Not for use on roofs designed to contain internal pressure.

Figure 3-15—Rectangular Roof Openings with Hinged Cover
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Axis always
vertical

5mm EG(W—G\ ';R S /*\

¢ 16")E ;fgg@@m = —— £+ @m
I LS

Plain or raised-face
P slip-on welding, welding-neck,

Q § or plate ring flange

(See note)

/@T

Alternative
Neck-to-Roof-Plate
Joint

Axis always
vertical

y 43 mm[(1/4")

| 6(1?1!;! Roof plate | Roof plate
4
-———— DR§<’_ > ) ) ) —— D, —
D |~ Standard-weight line pipe
— Dp ——*

NOZZLE WITH REINFORCING PLATE

BASE FOR NOZZLE WITHOUT REINFORCING PLATE

Note: When the roof nozzle is used for venting, the neck shall be trimmed flush with the roofline.

Figure 3-16—Flanged Roof Nozzles (See€ Table 3-14)

3.9.3.2 When the stiffening rings are located more than 0.6
m (2 ft) below the top of the shell, the tank shall be provided
with a64 x 64 x 4.8 mm (2%, x 21/, x 3/, in.) top curb angle
for shells 5 mm (3/16 in.) thick, with a76 x 76 x 6.4 mm (3 x
3x 1/, in.) angle for shells more than 5 mm (3/4g in.) thick, or
with other members of equivalent section modulus.

3.9.3.3 Rings that may trap liquid shall be provided with
adequate drain holes.

3.9.3.4 Weddsjoining stiffening rings to the tank shell may
cross vertica tank seam welds. Any splice weld in the ring
shall belocated aminimum of 150 mm (6 in.) from any verti-
ca shell weld. Stiffening rings may aso cross vertical tank
seam welds with the use of coping (rat hole) of the stiffening
ring at the vertical tank seam. Where the coping method is
used, the required section modulus of the stiffening ring and
weld spacing must be maintained.

3.9.4 Stiffening Rings As Walkways

A dtiffening ring or any portion of it that is specified as a
walkway shall have a width not less than 600 mm (24 in.)
clear of the projecting curb angle on the top of the tank shell.
It shall preferably be located 1100 mm (42 in.) below the top
of the curb angle and shall be provided with a standard railing
on the unprotected side and at the ends of the section used as
awakway.

3.9.5 Supports For Stiffening Rings

Supports shall be provided for al stiffening rings when the
dimension of the horizontal leg or web exceeds 16 times the
leg or web thickness. The supports shall be spaced at the
intervals required for the dead load and vertical live load;
however, the spacing shall not exceed 24 times the width of
the outside compression flange.

Copyright American Petroleum Institute
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3.9.6 Top Wind Girder

3.9.6.1 The required minimum section modulus of the
stiffening ring shall be determined by the following equation:

In Sl units;

Z = required minimum section modulus (cm3),
D = nominal tank diameter (m),

H, = height of the tank shell (m), including any free-
board provided above the maximum filling
height as a guide for afloating roof.

In US Customary units:
Z=0.0001 D2 H,
where

Z = required minimum section modulus (in.3),
D = nominal tank diameter (ft),
Ho height of the tank shell (ft), including any free-

board provided above the maximum filling
height as a guide for afloating roof.

Note: This eguation is based on a wind velocity of 160 km/h (100
mph). If specified by the purchaser, other wind velocities may be used
by multiplying the right side of the equation by (V/160 km/h)2, where
V equals the wind velocity in km/h [(V/100 mph)2 where V equals
the wind velocity in mph]. If the design wind velocity has not been
specified and if the maximum allowable wind velocity calculated for
the tank shell is less than 160 km/h (100 mph), the calculated veloc-
ity may be used provided it is reported to the purchaser. For tank
diameters over 60 m (200 ft), the section modulus required by the
equation may be reduced by agreement between the purchaser and
the manufacturer, but the modulus may not be less than that required
for atank diameter of 60 m (200 ft). (A description of the loads on
the tank shell that are included in the 160 km/h (100 mph) design
wind velocity can be found in item a of the note to 3.9.7.1.)
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Table 3-16—Dimensions for Drawoff Sumps

Distance from Thickness of Plates
Diameter of Sump Depthof Sump  Center Pipeto Shell in Sump Minimum Internal Minimum Nozzle
mm (in.) mm (in.) m (ft) mm (in.) Pipe Thickness Neck Thickness
NPS A B C t mm (in.) mm (in.)
2 610 (24) 300 (12) 1.1 (3%) 8 (%/16) 5.54 (0.218) 5.54 (0.218)
3 910 (36) 450 (18) 15(5) 10 (3lg) 6.35 (0.250) 7.62 (0.300)
4 1220 (48) 600 (24) 2.1(6%,) 10 (3fg) 6.35 (0.250) 8.56 (0.337)
6 1520 (60) 900 (36) 2.6 (8Y,) 11 ("116) 6.35 (0.250) 10.97 (0.432)
3.9.6.2 The section modulus of the gtiffening ring shall be where
based on the properties of the applied members and may _ . ' . . )
include a portion of the tank shell for a distance of 16 plate Hy = vert|9al d|§tance, in m, between the intermecli-
thicknesses below and, if applicable, above the shell-ring atewind girder and the top angle of the shell or
attachment. When curb angles are attached to the top edge of the top wind girder of an open-top tank,
the shell ring by butt-welding, this distance shall be reduced t = asordered thickness, unless otherwise speci-
by the width of the vertical leg of the angle (se% Figure 3-20 fied, of the top shell course (mm),
and -20).
D = nomina tank diameter (m).
3.9.6.3 When astair opening isinstalled through a stiffen-
ing ring, the section modulus of the portion of the ring outside -
the opening, including the transition section, shall conform to In US Customary units:
the requirements of 3.9.6.1. The shell adjacent to the opening 2
shall be tiffened with an angle or a bar, the wide side of H, = 600,000¢ |HH
which is placed in a horizontal plane. The other sides of the R
opening shall aso be stiffened with an angle or a bar, the where
wide side of which is placed in a vertical plane. The cross-
sectional area of these rim stiffeners shall be greater than or Hy = vertica distance, inft, between theintermediate
equal to the cross-sectionad area of the portion of shell wind girder and the top angle of the shell or the
included in the section-modulus calculations for the stiffening top wind girder of an open-top tank,
ring. These rim stiffeners or additional members shall provide . . .
a suitable toeboard around the opening. t= & ordered thickness, unless pthe|W|se Sped-
fied, of thetop shell course (in.),
The stiffening members shall extend beyond the end of the
opening for a distance greater than or equal to the minimum D = nominal tank diameter (ft).

depth of the regular ring sections. The end stiffening mem-
bers shall frame into the side stiffening members, and the end
and side stiffening members shall be connected to ensure that
their full strength is developed| Figure 3-21]shows the open-
ing described above. Alternative details that provide a load-
carrying capacity equal to that of the girder cross section
away from the opening may be provided.

3.9.7

3.9.7.1 The maximum height of the unstiffened shell shall
be calculated asfollows:

Intermediate Wind Girders

In Sl units:
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Note: This formulais intended to cover tanks with either open tops
or closed tops and is based on the following factors (for the back-
ground for thefactors given in thisnote, see R. V. McGrath's * Stabil-
ity of APl Standard 650 Tank Shells’):16

e a A design wind velocity (V) of 160 km/h (100 mph), which

imposes a dynamic pressure of 1.23 kPa (25.6 1bf/ft2). The velocity
isincreased by 10% for either a height above ground or a gust fac-
tor; thus the pressure is increased to 1.48 kPa (31 Ibf/ft?). An
additional 0.24 kPa (5 Ibf/ft2) is added to account for inward drag
associated with open-top tanks or for internal vacuum associated
with closed-top tanks. A total of 1.72 kPa (36 Ibf/ft2) is obtained.
For the purposes of this standard, this pressure is intended to be the
result of a 160 km/h (100 mph) fastest mile velocity at approxi-
mately 9 m (30 ft) above ground. H1 may be modified for other wind
velocities, as specified by the purchaser, by multiplying the.

16R. V. McGrath, “Stability of APl Standard 650 Tank Shells
Proceedings of the American Petroleum Institute, Section I11—
Refining, American Petroleum Institute, New York, 1963, Vol. 43,
pp. 458-469.
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TL/@

~+— Axis always vertical

6 mm (44")

1 &5 mm (%16")
E A8

Pipe coupling

6 mm (/4")

Roof plate

L

NOZZLE WITH REINFORCING PLATE

Note:
See 3.8.9 for requirements for threaded connections. When the roof nozzleis used for venting, the connection shall be trimmed flush with the

roofline.

(See note)

l«— Axis always
vertical

6 mm (Ya")

rrrrzrrzzz7ZZZ AN - |- - -

Roof plate

NOZZLE WITHOUT REINFORCING PLATE

Figure 3-17—Threaded Roof Nozzles (See|Table 3-15

Table 3-17—Requirements for Platforms and Walkways

Table 3-18—Requirements for Stairways

1
2
3.
4

o1 :

10.

11

12.

All parts shall be made of metal.
The minimum width of the floor level shall be 610 mm (24 in.).
Flooring shall be made of grating or nonslip material.

The height of the top railing above the floor shall be 1070 mm
(42in).a

The minimum height of the toeboard shall be 75 mm (3in.).

The maximum space between the top of the floor and the  bot-
tom of the toeboard shall be 6 mm (Y, in.).

The height of the midrail shall be approximately one-half the
distance from the top of the walkway to the top of therailing.

The maximum distance between railing posts shall be 2400 mm
(96in.).

The completed structure shall be capable of supporting a mov-
ing concentrated load of 4450 N (1000 Ibf), and the handrail
structure shall be capable of withstanding aload of 890 N (200
Ibf) applied in any direction at any point on thetop rail.

Handrails shall be on both sides of the platform but shall be dis-
continued where necessary for access.

At handrail openings, any space wider than 150 mm (6in.)
between the tank and the platform should be floored.

A tank runway that extends from one part of atank to any part
of an adjacent tank, to the ground, or to another structure shall
be supported so that free relative movement of the structures
joined by the runway is permitted. This may be accomplished
by firm attachment of the runway to one tank and the use of a
dipjoint at the point of contact between the runway and the
other tank. (This method permits either tank to settle or be dis-
rupted by an explosion without the other tank being endangered.

aThis handrail height is required by ANSI specifications. It is man-
datory in some states.

Copyright American Petroleum Institute
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10.

All parts shall be made of metal.
The minimum width of the stairs shall be 610 mm (24 in.).

The maximum angle? of the stairway with ahorizontal line shall
be 50 degrees.

The minimum width of the stair treads shall be 200 mm (8 in.).
[The sum of twice the rise of the stair treads plus the run
(defined as the horizontal distance between the noses of succes-
sive tread pieces) shall not belessthan 610 mm (24 in.) or more
than 660 mm (26 in.). Rises shall be uniform throughout the
height of the stairway.]

Treads shall be made of grating or nonslip material.

Thetop railing shall join the platform handrail without offset,
and the height measured vertically from tread level at the nose
of the tread shall be 760 to 860 mm (30 to 34 in.).

The maximum distance between railing posts, measured along
the dope of therailing, shall be 2400 mm (96in.).

The completed structure shall be capable of supporting a mov-
ing concentrated load of 4450 N (1000 Ibf), and the handrail
structure shall be capable of withstanding aload of 890 N (200
Ibf) applied in any direction at any point on the top rail.

Handrails shall be on both sides of straight stairs; handrails shall
also be on both sides of circular stairs when the clearance
between the tank shell and the stair stringer exceeds 200 mm (8
in.).

Circumferential stairways should be completely supported on
the shell of the tank, and the ends of the stringers should be
clear of the ground.

4t is recommended that the same angle be employed for all stair-
waysin atank group or plant area.
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150 mm
I (6") min v
-

>

Full-fillet weld
N~— Tank shell : (

6 mm (Y/4")
I;% al %6\\ a2

A A
N N

|

|
[ | pi g i
nternal pipe —»/ |
PP / J___

r a3 60° ad
j B & Ry

I
-t
8 mm'(he") I
|4 ‘\/I = :_ -1-- : l\/\l\L \|
——————,—————1|- —————— A % = Tack-weld
T Ly o\ Tank b backup bar
: | ank bottom Details al-a4 to flange
B -——r- See Details al-a4 all are acceptable
1 pipe 4 Tt ( P )
diameter (min) 5
1 /] 7 4
[ ANNNN)
L 6 mm (4" 6 mm (Y4") 8 mm (5/16")
t =~ SSSSV
See Detail 4
b,c,ord

- A -

Detail b Detail ¢ Detail d

Note: The erection procedure shall include the following steps: (a) a hole shall be cut in the bottom plate or a sump shall be placed in the
foundation before bottom placement; (b) a neat excavation shall be made to conform to the shape of the drawoff sump, the sump shall be put
in place, and the foundation shall be compacted around the sump after placement; and (c) the sump shall be welded to the bottom.

Figure 3-18—Drawoff Sump (See|Table 3-16

right side of the equation by [(V; / V)], where V, = 160 km/h (100
mph). When adesign wind pressure, rather than awind velocity, is
specified by the purchaser, the preceding increase factors should
be added to the purchaser’s specified wind pressure unless they
are contained within the design wind pressure specified by the
purchaser.

b. The wind pressure being uniform over the theoretical buckling
mode of the tank shell, which eliminates the need for a shape factor
for the wind loading.

c. The modified U.S. Model Basin formulafor the critical uniform
externa pressure on thin-wall tubes free from end loadings, subject
to thetotal pressure specified initem a.

e d. Other factors specified by the purchaser. When other factors are
specified by the purchaser that are greater than the factorsin items a—
¢, the total load on the shell shall be modified accordingly, and Hy
shall be decreased by the ratio of 1.72 kPa (36 |bf/ft2) to the modi-
fied total pressure.

3.9.7.2 After the maximum height of the ungtiffened shell,
H1, has been determined, the height of the transformed shell
shall be calculated as follows:

a. With the following equation, change the actua width of
each shell course into atransposed width of each shell course
having the top shell thickness:

— Huni{ornﬂs
W” = DtacluaID

Copyright American Petroleum Institute
Reproduced by IHS under license with API

where
W, = transposed width of each shell course, mm (in.),
W = actual width of each shell course, mm (in.),

tuniform = as ordered thickness, unless otherwise specified,
of thetop shell course, mm (in.),

tactual = as ordered thickness, unless otherwise specified,

of the shell course for which the transposed
width isbeing calculated, mm (in.).

b. Add the transposed widths of the courses. The sum of the
transposed widths of the courses will give the height of the
transformed shell.

3.9.7.3 If the height of the transformed shell is greater than
the maximum height Hq, an intermediate wind girder is
required.

3.9.7.3.1 For equa stability above and below the interme-
diate wind girder, the girder should be located at the mid-
height of the transformed shell. The location of the girder on
the actual shell should be at the same course and same rela-
tive position as the location of the girder on the transformed
shell, using the thickness relationship above.

3.9.7.3.2 Other locations for the girder may be used, pro-
vided the height of unstiffened shell on the transformed shell
does not exceed Hq (see 3.9.7.5).
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Table 3-19—Rise, Run, and Angle Relationships for Stairways

2R+r=610mm (24in.) 2R+r =660 mm (26in.)
Height of Rise Width of Run Angle Width of Run Angle
mm (in.) mm (in.) mm (in.)

R r Degrees Minutes r Degrees Minutes
135 (5%,) 340 (13%5) 21 39 — — —
140 (5%5) 330 (13) 22 59 380 (15) 20 13
145 (5314 320 (12%5) 24 23 370 (14%5) 21 24
150 (6) 310(12) 25 49 360 (14) 22 37
155 (6Y/4) 300 (11%5) 27 19 350 (13%5) 23 53
165 (6%5) 280 (11) 30 31 330 (13) 26 34
170 (63/4) 270 (10%5) 32 12 320 (12%5) 27 59
180 (7) 250 (10) 35 45 300 (12) 30 58
185 (744 240 (9%,) 37 38 290 (11%5) 32 32
190 (7%5) 230 (9) 39 34 280 (11) 34 10
195 (7314) 220 (8Y/,) 41 33 270 (10%5) 35 50
205 (8) 200 (8) 45 42 250 (10) 39 21
210 (8Y,) 190 (74/5) 47 52 240 (9%/,) 41 11
215 (8Y/) — — — 230(9) 43 4
220 (8%4) — — — 220 (8Y5,) 45 0
225 (9) — — — 210 (8) 46 58

e 3.9.7.6 The reguired minimum section modulus of an

150 6" ) , L . .
i a"r?qr:tér ) , |ntermed|ateW| nd girder shall be determined by the following
6 mm (4") plate = , equation:
g In Sl units:
6 mm (Y4") | 150 6"
Schedule 40 —| mm (& 7 = D2H1
pipe (see note) ! 10 mm (3/s") 17
8 mm (5/16'W®\\ formed plate
\ where

6 mm (Ya")
@ m Z = required minimum section modulus (cm3),

~+-135mm (5'/) 1D+ Tark roof D = nominal tank diameter (m)

[-e—— 230 mm (9") diameter —
H1 = vertical distance (m), between the intermediate

wind girder and the top angle of the shell or the
top wind girder of an open-top tank.

Note: NPS 4 Schedule 40 pipe [wall thickness = 6.02 mm
(0.237 in.); outside diameter = 114.3 mm (4.5 in.)].

Figure 3-19—Scaffold Cable Support
In US Customary units:

3.9.7.4 If haf the height of the transformed shell exceeds Z=0.0001 D2 H
the maximum height H;, a second intermediate girder shall ' !

be used to reduce the height of unstiffened shell to a height where
less than the maximum.

3.9.7.5 Intermediate wind girders shall not be attached to Z = required minimum section modulus (in),

the shell within 150 mm (6 in.) of a horizonta joint of the D = nomina tank diameter (ft),

shell. When the preliminary location of a girder iswithin 150

mm (6 in.) of a horizontal joint, the girder shall preferably be Hy = vertical distance (ft), between the intermediate
located 150 mm (6 in.) below the joint; however, the maxi- wind girder and the top angle of the shell or the
mum unstiffened shell height shall not be exceeded. top wind girder of an open-top tank.
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Note: This equation is based on a wind velocity of 160 km/h (100
mph). If specified by the purchaser, other wind velocities may be
used by multiplying the right side of the equation by (V/160 km/h)2,
where V equals the wind velocity in km/h [(V/100 mph)2, where V
equals the wind velocity in mph). (A description of the loads on the
tank shell that are included in the 160 km/h (100 mph) design wind
velocity can be found initem a of the noteto 3.9.7.1.]

3.9.7.6.1 Wherethe use of atransformed shell permits the
intermediate wind girder to be located at a height that is less
than Hq calculated by the formula in 3.9.7.1, the spacing to
the mid-height of the transformed shell, transposed to the
height of the actual shell, may be substituted for H4 in the cal-
culation for the minimum section modulus if the girder is
attached at the transposed | ocation.

3.9.7.6.2 The section modulus of the intermediate wind
girder shall be based on the properties of the attached mem-
bers and may include a portion of the tank shell for adistance
above and below the attachment to the shell, in mm (in.), of

In Sl units:
13.4 (Dt)05

where

D
t

nominal tank diameter (m),
shell thickness at the attachment (mm).

In US Customary units:
1.47 (Dt)05
where

D
t

nominal tank diameter (ft),
shell thickness at the attachment (in.).

3.9.7.7 An opening for a stairway in an intermediate stiff-
ener is unnecessary when the intermediate stiffener extends
no more than 150 mm (6 in.) from the outside of the shell and
the nomina stairway width is at least 600 mm (24 in.). For
greater outward extensions of a stiffener, the stairway shall be
increased in width to provide a minimum clearance of 450
mm (18 in.) between the outside of the stiffener and the hand-
rail of the stairway, subject to the purchaser’s approval. If an
opening is necessary, it may be designed in a manner similar
to that specified in 3.9.6.3 for a top wind girder with the
exception that only 2450 mm (18 in.) width through the stiff-
ener need be provided.

3.10 ROOFS
3.10.1 Definitions

The following definitions apply to roof designs but shall
not be considered as limiting the type of roof permitted by
3.10.2.7:

a. A supported cone roof is a roof formed to approximately
the surface of aright cone that is supported principally either

Copyright American Petroleum Institute
Reproduced by IHS under license with API

by rafters on girders and columns or by rafters on trusses with
or without columns.

b. A self-supporting cone roof is a roof formed to approxi-
mately the surface of aright cone that is supported only at its
periphery.

c. A sdf-supporting dome roof is a roof formed to approxi-
mately a spherical surface that is supported only at its
periphery.

d. A sdf-supporting umbrella roof is a modified dome roof
formed so that any horizontal section is a regular polygon
with as many sides as there are roof plates that is supported

only at its periphery.
3.10.2 General
3.10.2.1 All roofs and supporting structures shall be

designed to support dead load plus a uniform live load of not
less than 1.2 kPa (25 Ibf/ft2) of projected area.

e 3.10.2.2 Roof plates shall have a minimum nominal thick-

nessof 5 mm (3/1in.) 7-gauge sheet. Thicker roof plates may
be required for self-supporting roofs (see 3.10.5 and 3.10.6).
Any required corrosion alowance for the plates of self-sup-
porting roofs shall be added to the cal culated thickness unless
otherwise specified by the purchaser. Any corrosion allow-
ance for the plates of supported roofs shall be added to the
minimum nominal thickness.

3.10.2.3 Roof plates of supported cone roofs shall not be
attached to the supporting members.

e 3.10.2.4 All internal and externa structural members shall

have a minimum nominal thickness of 4.3 mm (0.17 in.) in
any component. The method of providing a corrosion allow-
ance, if any, for the structural members shall be a matter of
agreement between the purchaser and the manufacturer.

3.10.2.5 Roof plates shall be attached to the top angle of
the tank with a continuous fillet weld on the top side only.

3.10.2.5.1 Deleted
3.10.2.5.2 Deleted
3.10.2.5.3 Deleted

3.10.2.6 A roof is considered frangible (refer to 3.10.8 for
emergency venting requirement) if the roof-to-shell joint will
fail prior to the shell-to-bottom joint in the event of excessive
internal pressure. When a purchaser specifies a tank with a
frangible roof, the tank design shall comply with all of the
following:

a Thetank shall be 15.25 m (50 ft) diameterl” or greater
b. The dope of the roof at the top angle attachment does not

17see API Publication 927, Evaluation of the Design Criteria for Stor-
age Tanks with Frangible Roofs. Ongoing API research evauating the
relative strength of the shell-to-bottom and roof-to-shell joints may
permit extending the minimum diameter below 15.25 m (50 ft).
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“F25mm
7 (1)
\ 7
16t 16t
(
A v
t = [ t — |-
Detail a Detail b
16t
Detail ¢
16t
t — |-—
16t
X7, f\
Detail d Q
16t
65 mm (21/2") t =
ﬂ]}
N——
150 mm (6")
16t
Q re mm (Y/4")
b
16t
Detail e
t — [

Note: The section moduli given in|Table 3-20|for Details ¢ and d are
based on the longer leg being located horizontally (perpendicular to
the shell) when angles with uneven legs are used.

Figure 3-20—Typical Stiffe
o1] Shells (See
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ning-Ring Sections for Tank

Table 3-20

exceed 2in 12.
c. Theroof is attached to the top angle with a single continu-
ousfillet weld that does not exceed 5 mm (3/16in.).

d. The roof-to-top angle compression ring limited to details
a—dinFigureF-2.
e. Thetop angle may be smaller than that required by

3.159e

f. All members in the region of the roof-to-shell junction,
including insulation rings considered as contributing to the
cross-sectiond area (A).

0. Thecrosssectiona area (A) of the roof-to-shell junction is
less than the limit shown below:

In Sl units:
=W
1390 tan O
In US Customary units:
w

~ 201,000 tan @

Note: The terms for the equation above are defined in Appendix F.

3.10.2.7 For al types of roofs, the plates may be stiffened
by sections welded to the plates but may not be stiffened by
sections welded to the supporting rafters or girders.

3.10.2.8 These rules cannot cover all details of tank roof
design and construction. With the approval of the purchaser,
the roof need not comply with 3.10.4, 3.10.5, 3.10.6, and
3.10.7. The manufacturer shall provide a roof designed and
constructed to be as safe as otherwise provided for in this
standard. In the roof design, particular attention should be
given to preventing failure through instability.

3.10.2.9 When the purchaser specifies lateral loads that
will be imposed on the roof-supporting columns, the col-
umns must be proportioned to meet the requirements for
combined axial compression and bending as specified in
3.10.3.

3.10.3 Allowable Stresses
3.10.3.1 General

All parts of the roof structure shall be proportioned so
that the sum of the maximum static and dynamic stresses
shall not exceed the limitations specified in the A1SC Speci-
fication for Sructural Steel Buildings or with the agreement
of the purchaser an equivalent structural design code recog-
nized by the government of the country where the tank is
located. The portion of the specification, “Allowable Stress
Design,” shall be used in determining alowable unit
stresses. Use of Part 5, Chapter N—"Plastic Design,” is spe-
cifically not allowed.
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Table 3-20—Section Moduli [cm3 (in.3)] of Stiffening-Ring Sections on Tank Shells

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
Member Size Shell Thickness[mm (in.)]
mm in. 5 (¥16) 6 (Y4) 8 (%16) 10 (%lg) 11 ("116)
TopAngIe:DetaiI a

64 x 64 x 6.4 2Yp x 215 x 14 6.86 (0.41) 7.01(0.42) — — —
64x64%x79 2%, x 215 x 516 8.30 (0.51) 848 (0.52) — — —

76 x 76 x 9.5 3x3x3g 13.80(0.89) 14.10 (0.92) — — —

CurbAngle: Detail b

64 x 64 x6.4 2Yp x 21, x 1, 27.0(1.61) 28.3(1.72) — — —
64x64%x79 2Y5 % 25 x /46 31.1(1.89) 32.8(2.04) — — —

76 x 76 x 6.4 3x3x1y, 38.1(2.32) 39.9 (2.48) — — —

76 x 76 x 9.5 3x3x3g 43.0 (2.78) 52.6 (3.35) — — —
102x102%x64 4x4x1, 57.6 (3.64) 71.4 (4.41) — — —
102x102x95 4x4x3g 65.6 (4.17) 81.4 (5.82) — — —

; OneAngIe: Detail ¢ (See Note)
64 x 64 x 6.4 2Y5 x 215 x 14 28.5(1.68) 29.6 (1.79) 31.3(1.87) 32.7 (193 33.4(2.00)
64x64%x79 2Y5 x 215 x 516 33.1(1.98) 34.6 (2.13) 36.9 (2.23) 38.7(2.32) 39.5(2.40)
102x76x64  4x3x1/, 58.3 (3.50) 60.8 (3.73) 64.2 (3.89) 66.6 (4.00) 67.7 (4.10)
102x76%x7.9  4x3x54 68.3 (4.14) 71.6 (4.45) 76.2 (4.66) 79.4 (4.82) 80.8 (4.95)
127x76x79  5x3x5/g 90.7 (5.53) 95.2 (5.96) 102.0 (6.25) 106.0 (6.47) 108.0 (6.64)
127%x89x79  5x3Y; x5 101.0 (6.13) 106.0 (6.60) 113.0 (6.92) 118.0(7.16) 120.0 (7.35)
127x89%x95  5x3Y,;x3g 116.0 (7.02) 122.0 (7.61) 131.0 (8.03) 137.0(8.33) 140.0 (8.58)
152x102%x95 6x4x3g 150.0 (9.02) 169.0 (10.56) 182.0(11.15) 191.0 (11.59) 194.0 (11.93)
Two Angles;|Figure 3-20] Detail d (See Note)
102x 76 % 7.9 4x3x5g 186 (11.27) 191 (11.78) 200 (12.20) 207 (12.53) 210(12.81)
102x 76 x 9.5 4x3x3g 216 (13.06) 222 (13.67) 233(14.18) 242 (14.60) 245 (14.95)
127x76x7.9 5x3 x5/ 254 (15.48) 262 (16.23) 275 (16.84) 285(17.34) 289 (17.74)
127 x 76 x 9.5 5x3x3g 296 (18.00) 305 (18.89) 321 (19.64) 333(20.26) 338 (20.77)
127x89x79  5x3Y;x54 279 (16.95) 287 (17.70) 300 (18.31) 310 (18.82) 314 (19.23)
127 x89x 9.5 5x 3, x 3g 325 (19.75) 334 (20.63) 350 (21.39) 363 (22.01) 368 (22.54)
152%x102%x95 6x4x3g 456 (27.74) 468 (28.92) 489 (29.95) 507 (30.82) 514 (31.55)
Formed Plate: [Figure 3—20| Detail e

b =250 b=10 — 341 (23.29) 375 (24.63) 392 (25.61) 399 (26.34)
b =300 b=12 — 427 (29.27) 473 (31.07) 496 (32.36) 505 (33.33)
b =350 b=14 — 519 (35.49) 577 (37.88) 606 (39.53) 618 (40.78)
b = 400 b=16 — 615 (42.06) 687 (45.07) 723 (47.10) 737 (48.67)
b = 450 b=18 — 717 (48.97) 802 (52.62) 846 (55.07) 864 (56.99)
b =500 b=20 — 824 (56.21) 923 (60.52) 976 (63.43) 996 (65.73)
b =550 b=22 — 937 (63.80) 1049 (68.78) 1111 (72.18) 1135 (74.89)
b =600 b=24 — 1054 (71.72) 1181 (77.39) 1252 (81.30) 1280 (84.45)
b =650 b=26 — 1176 (79.99) 1317 (86.35) 1399 (90.79) 1432 (94.41)
b =700 b=28 — 1304 (88.58) 1459 (95.66) 1551 (100.65) 1589 (104.77)
b =750 b=30 — 1436 (97.52) 1607 (105.31) 1709 (110.88) 1752 (115.52)
b =800 b=32 — 1573 (106.78) 1759 (115.30) 1873 (121.47) 1921 (126.66)
b =850 b=34 — 1716 (116.39) 1917 (125.64) 2043 (132.42) 2096 (138.17)
b =900 b=36 — 1864 (126.33) 2080 (136.32) 2218 (143.73) 2276 (150.07)
b =950 b=38 — 2016 (136.60) 2248 (147.35) 2398 (155.40) 2463 (162.34)
b = 1000 b=40 — 2174 (147.21) 2421 (158.71) 2584 (167.42) 2654 (174.99)

Note: The section moduli for Details ¢ and d are based on the longer leg being located horizontally (perpendicular to the shell)
when angles with uneven legs are used.
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Notes:

1. The cross-sectional area of a, ¢, d, and e must equal 32ts2. The section of the figure designated “a” may be a bar
or an angle whose wide leg is horizontal. The other sections may be bars or angles whose wide legs are vertical.

aprLN

See 3.9.6.3 for toeboard requirements.

Bars ¢, d, and e may be placed on the top of the girder web, provided they do not create a tripping hazard.
The section modulus of Sections A-A, B-B, C-C, and D-D shall conform to 3.9.6.1.
The stairway may be continuous through the wind girder or may be offset to provide a landing.

Figure 3-21—Stairway Opening Through Stiffening Ring

3.10.3.2 Minimum Thicknesses

The minimum thickness of any structural member, includ-
ing any corrosion allowance on the exposed side or sides,
shall not be less than 6 mm (0.250 in.) for columns, knee
braces and beams or tiffeners which by design normally
resist axial compressive forces or 4 mm (0.17 in.) for any
other structural member.

3.10.3.3 Maximum Slenderness Ratios

For columns, the value L / r¢ shall not exceed 180. For other
compression members, the value L / r shall not exceed 200.
For all other members, except tie rods whose design is based
on tensileforce, thevaue L / r shall not exceed 300.

where

-
1

unbraced length, mm (in.),
least radius of gyration of column, mm (in.),

ﬂ
1

governing radius of gyration, mm (in.).

3.10.3.4 Columns

When the purchaser does not specify lateral loads that will
be imposed on the roof-supporting columns and the column
member is not considered to be a dender element section by

the AISC Specification, the following formula for alowable

compression may be used in lieu of the formulas in the AISC

Specification when | / r exceeds 120 and the yield stress of

column (Fy) islessthan or equal to 250 MPa (36,000 Ibf/in.2).
When | /r islessthan or equal to Cg:

2
[1 _{r) }Fy
2C;
5.3 _Wry
3 8C, 8C’

[1.6—20%J

C. = 21CE
Fy

[ IZTEE}
2
F o= 23(1/r) o0

[1.6—%}

where

When | / r exceeds Ce:
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where
F, = allowable compression stress, MPa (Ibf/in.2),
Fy = yield stress of material, MPa (Ibf/in2),

modulus of elasticity, MPa (Ibf/in.2),
| = unbraced length of the column, mm (in.),

least radius of gyration of column, mm (in.).

3.10.4 Supported Cone Roofs

e 3.10.4.1 The dope of the roof shal be 19 mm in 300 mm

(3/4in.in12in.) or greater if specified by the purchaser. If the
rafters are set directly on chord girders, producing dightly
varying rafter dopes, the dope of the flattest rafter shall con-
form to the specified or ordered roof slope.

3.10.4.2 Main supporting members, including those sup-
porting the rafters, may be rolled or fabricated sections or
trusses. Although these members may be in contact with the
roof plates, the compression flange of a member or the top
chord of a truss shall be considered as receiving no lateral
support from the roof plates and shall be laterally braced, if
necessary, by other acceptable methods. The allowable
stresses in these members shall be governed by 3.10.3.

3.10.4.3 Structura members serving as rafters may be
rolled or fabricated sections but in al cases shall conform to
the rules of 3.10.2, 3.10.3, and 3.10.4. Rafters shal be
designed for the dead load of the rafters and roof plates with
the compression flange of the rafter considered as receiving
no lateral support from the roof plates and shall be lateraly
braced if necessary (see 3.10.4.2). When considering addi-
tional dead loads or live loads, the rafters in direct contact
with the roof plates applying the loading to the rafters may be
considered asreceiving adequate lateral support from the fric-
tion between the roof plates and the compression flanges of
the rafters, with the following exceptions:

a. Trusses and open-web joints used asrafters.

b. Rafterswith anominal depth greater than 375 mm (15in.).
c. Rafters with a slope greater than 50 mm in 300 mm (2 in.
in12in.).

e 3.10.4.4 Rafters shal be spaced so that in the outer ring,

their centers are not more than 0.6rt m [211 ft (6.28 ft)] apart
measured along the circumference of the tank. Spacing on
inner rings shall not be greater than 1.7 m (5%, ft). When
specified by the purchaser for tanks located in areas subject
to earthquakes, 19 mm (3/4 in.) diameter tie rods (or their
equivalent) shall be placed between the rafters in the outer
rings. These tie rods may be omitted if I-sections or H-sec-
tions are used asrafters.

e 3.10.4.5 Roof columns shal be made from structurad

shapes, or steel pipe may be used subject to the approval of
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Reproduced by IHS under license with API

the purchaser. When pipeis used, it must be sealed, or provi-
sions for draining and venting must be made at the pur-
chaser’s option.

3.10.4.6 Rafter clips for the outer row of rafters shall be
welded to the tank shell. Column-base clip guides shall be
welded to the tank bottom to prevent lateral movement of col-
umn bases. All other structural attachments shall be bolted,
riveted, or welded.

e 3.10.5 Self-Supporting Cone Roofs

Note: Self-supporting roofs whose roof plates are stiffened by sec-
tions welded to the plates need not conform to the minimum thick-
ness requirements, but the thickness of the roof plates shall not be
lessthan 5 mm (3/1¢ in.) when so designed by the manufacturer, sub-
ject to the approval of the purchaser.

3.10.5.1 Sdf-supporting cone roofs shall conform to the
following requirements:

6 < 37 degrees (dope = 9:12)
6= 9.5 degrees (dope =2:12)

In Sl units:

Minimum thickness = >5mm

4.8 sinf

Maximum thickness = 12.5 mm, exclusive of corro-
sion allowance

where
6 = angle of the cone elements to the horizontal, in
degrees,
D = nominal diameter of the tank shell (m).

Note: When the sum of the live and dead |oads exceeds 2.2 kPa, the
minimum thickness shall be increased by the following ratio:

live load + dead load
N 2.2 kPa
In US Customary units:

Minimum thickness = >3/4gin.

sin@
Maximum thickness = Y/, in., exclusive of corrosion
alowance
where

Na)
1

angle of the cone elements to the horizontal, in
degrees,
D nominal diameter of the tank shell (ft).

Note: When the sum of the live and dead loads exceeds 45 |bf/ft2,
the minimum thickness shall be increased by the following ratio:

live load + dead load
N 45 bf/ £
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WELDED STEEL TANKS FOR OIL STORAGE 3-49

Shell horizontal butt-weldﬁ

Shell vertical

butt-weld :

Note:
R-MH/N =
LTR-N = Low Type Reinforced Opening (nozzle with tombstone shape reinforcing pl ate %e Detail aand b
R-N = Reinforced Opening (manhole or nozzle with circular reinforcing plate or thickened insert plate, s M
SN = Non-Reinforced Opening (manhole or nozzle inserted into the shell per the alternate neck detail of Figure 3-4B).
Variables Reference Minimum Dimension Between Weld Toes or Weld Centerline (1)(3)
Shell t Condition |Paragraph A2 B (2 C(2 D (4) E (2 F(5) G (5
Number
t<125mm As 3732 | 150mm(6in.) | 75mm(3in.) 75mm (3in.)
(t<Y5in) | welded or 21/t or 2%/t
or 3733 75mm (3in.)
PWHT or 21/,t
3733 75mm (3in.)
for SN
3.7.33 -Table 3-6
* 3734 8torlpr
* 3734 8t
t>125mm As 3731la 8Wor 8Wor
S(t>5in) | Welded 250 mm (10in.) {250 mm (101in.)
: 37.31b 8Wor
150 mm (6in.)
3.7.33 8Wor
250 mm (10in.)
3733 75mm (3in.)
for SN
3733 8tor Uyt
° 3734 8t
* 3734
t>125mm | PWHT 3732 | 150mm(6in.) | 75mm (3in.) 75mm (3in.)
(t>1,in) or 21/,t or 215t
3733 75mm (3in.)
or 21/2t
3733 75mm (3in.)
for SN
3733
* 3734 8torl/,r
° 3734 8t
Notes:
1. If two requirements are given, the minimum spacing is the greater value, except for dimension “F”. See note 5.
2.t = shell thickness. 8W = 8 timesthe largest weld size for reinforcing plate or insert plate periphery weld (fillet or butt-weld)
from the toe of the periphery weld to the centerline of the shell butt-weld.
3. For tanks designed to Appendix A, see A.5.2. Spacing = 21/» t toe to toe of adjacent welds.
4. D = spacing distance established by minimum elevation for low type reinforced openings from|Table 3-6,/column 9.
5. Purchaser option to alow shell openingsto be located in horizontal or vertical shell butt-welds. See|Figure 3-6.
t = shell thickness, r = radius of opening. Minimum spacing for dimension F isthe lessor of 8t or 1/5T.

Figure 3-22—Minimum Weld Requirements for Openings in Shells According to Section 3.7.3
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3-50 APl STANDARD 650

3.10.5.2 The participating area at the roof-to-shell junction
shall be determined using Figure F-2 |and shall equal or

exceed the following:

In Sl units:
D2
0.432 sin6
where
6 = angle of the cone elements to the horizontal, in

degrees,
D = nomina diameter of the tank shell in m.

The area calculated from the expression above is based on
the nominal material thickness less any corrosion alowance.

Note: When the sum of the live and dead loads exceeds 2.2 kPa, the
maximum cross-sectional area of the top angle shall be increased by
the following ratio:

live load + dead load
2.2 kPa
In US Customary units:
D2
3000 sin @
where
6 = angle of the cone elements to the horizontal, in

degrees,
D = nominal diameter of the tank shell (ft).

The area calculated from the expression above is based on
the nominal material thickness less any corrosion alowance.

Note: When the sum of the live and dead loads exceeds 45 Ibf/ft2,
the maximum cross-sectional area of the top angle shall be increased
by the following ratio:

live load + dead load
45 Ibf/ft”

3.10.6 Self-Supporting Dome and Umbrella Roofs

Note: Self-supporting roofs whose roof plates are stiffened by sec-
tions welded to the plates need not conform to the minimum thick-
ness requirements, but the thickness of the roof plates shall not be
lessthan 5 mm (3/1 in.) when so designed by the manufacturer, sub-
ject to the approva of the purchaser.

3.10.6.1 Sdf-supporting dome and umbrella roofs shall
conform to the following requirements:

Minimum radius = 0.8D (unless otherwise specified
by the purchaser)

Maximum radius= 1.2D

In Sl units:

Minimum thickness = 2r—’4 +C.A.25mm

Maximum thickness = 12.5 mm, exclusive of corro-
sion allowance

where

D
Iy

nomina diameter of the tank shell,
roof radius, in m.

Note: When the sum of the live and dead loads exceeds 2.2 kPa, the
minimum thickness shall be increased by the following ratio:

live load + dead load
2.2 kPa
In US Customary units:

p
Minimum thickness = Zﬁ +CA.=35in.

Maximum thickness = 1/, in., exclusive of corrosion

allowance.
where
D = nominal diameter of the tank shell (ft),
re = roof radius, (ft).

Note: When the sum of the live and dead loads exceeds 45 Ib/ft2, the
minimum thickness shall be increased by the following ratio:

live load + dead load
TS (il
3.10.6.2 The participating area, in mm?, at the roof-to-

shell junction shall be determined usind Figure F-2,|and shall
equal or exceed the following:

In Sl units;
Dr,

7

0.21

The area calculated from the expression above is based on
the nominal material thickness less any corrosion alowance.

Note: When the sum of the live and dead loads exceeds 2.2 kPa, the
maximum cross-sectiona area of the top angle shal be increased by
thefollowing ratio:

live load + dead load
2.2 kPa

In US Customary units:
The participating area, in in.2, at the roof-to-shell junction

shall be determined using |Figure F-2 [and shall equal or

exceed the following:

Dr,
1500
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The area caculated from the expression above is based on
the nominal material thickness less any corrosion allowance.

Note: When the sum of the live and dead |oads exceeds 45 |bf/ft?,
the maximum cross-sectional area of the top angle shal be increased
by the following ratio:

live load + dead load
45 Ibf/ft”

3.10.7 Top-Angle Attachment for Self-Supporting
Roofs

3.10.7.1 Information and certain restrictions on types of
top-angle joints are provided in item ¢ of 3.1.5.9. Details of
welding are provided in 5.2.

3.10.7.2 Attheoption of the manufacturer, the edges of the
roof plates for self-supporting roofs, including the cone,
dome, and umbrellatypes, may be flanged horizontally to rest
flat against the top angle to improve welding conditions.

3.10.8 Tank Venting

3.10.8.1 Tanks designed in accordance with this standard
and having afixed roof shall be vented for both normal condi-
tions (resulting from operational requirements and atmo-
spheric changes) and emergency conditions (resulting from
exposure to an external fire). Tanks with both afixed roof and
a floating roof satisfy these requirements when they comply
with the circulation venting requirements of Appendix H. All
other tanks designed in accordance with this standard and
having a fixed roof shall meet the venting requirements of
3.10.8.2and 3.10.8.3.

3.10.8.2 Normal venting shall be adequate to prevent inter-
nal or external pressure from exceeding the corresponding
tank design pressures and shall meet the requirements speci-
fied in APl Standard 2000 for normal venting.

3.10.8.3 Emergency venting requirements are satisfied if
the tank is equipped with a weak roof-to-shell attachment
(frangible joint) in accordance with 3.10.2.5, or if the tank is
equipped with pressure relief devices adeguate to prevent
internal pressure from exceeding the tank design pressure and
meeting the requirements specified in APl Standard 2000 for
emergency venting.

3.11 WIND LOAD ON TANKS (OVERTURNING
STABILITY)

3.11.1 When specified by the purchaser, overturning stabil-
ity shall be caculated using the following procedure: The
wind load or pressure shall be assumed to be 1.4 kPa (30 Ibf/
ft2) on vertical plane surfaces, 0.86 kPa (18 Ibf/ft2) on pro-
jected areas of cylindrical surfaces, and 0.72 kPa (15 Ibf/ft?)
on projected areas of conical and double-curved surfaces.
These wind pressures are based on awind velocity 160 km/h
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(200 mph). For structures designed for wind velocities other
than 160 km/h (100 mph), the wind loads specified above
shall be adjusted in proportion to the following ratio:

In Sl units;

(V /160)2
where
V = wind velocity, in km/h, as specified by the purchaser.

In US Customary units:
(V /100)2

where
V = wind velocity, in mph, as specified by the purchaser.

Note: When the wind velocity is not specified, the maximum wind
velocity to avoid overturning instability shall be calculated and
reported to the purchaser.

3.11.2 For an unanchored tank, the overturning moment
from wind pressure shall not exceed two-thirds of the dead-
load resisting moment, excluding any tank contents, and shall
be caculated asfollows:

VDo

M<SEE

W IN

where

M = overturning moment from wind pressure, in
N-m (ft-1bf),

W = shell weight availableto resist uplift, less any
corrosion allowance, plus dead weight sup-
ported by the shell minus simultaneous uplift
from operating conditions such asinternal pres-
sure on theroof, in N (Ibf),

D = tank diameter, in m (ft).

3.11.3 When anchors are required, the design shall be in
accordance with 3.12.

3.11.4 Unless otherwise required, tanks that may be subject
to diding due to wind shall use a maximum allowable diding
friction of 0.40 multiplied by the force against the tank bottom.

3.12 TANK ANCHORAGE

3.12.1 When atank isrequired to be anchored per Section
3.11, Appendix E, Appendix F, or when atank is anchored for
any other reason, the following minimum requirements shall
be met.

3.12.2 Anchorage shall be provided to resist each of the
uplift load cases listed in|Table 3-21. The load per anchor
shall be:

ty=UIN
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where
ty = load per anchor,
= net uplift load p
N = number of anchors.

3.12.3 The spacing between anchors shall not exceed 3 m
(10ft)

3.12.4 Allowable stresses for anchor bolts shall be in
accordance Witor each load case. The allowable
stress shall apply to the net (root) area of the anchor bolt.

3.12.5 Thepurchaser shall specify any corrosion allowance
that :is to be added to the anchor dimensions. Unless other-
wise specified, corrosion alowance for anchor bolts shall be

applied to the nominal diameter. The minimum anchor bolt
diameter is 1" plus any specified corrosion allowance.

3.12.6 Attachment of the anchor balts to the shell shall be
through stiffened chair-type assemblies or anchor rings of
sufficient size and height. An acceptable procedure for
anchor chair design is given in AISI T-192, Volume |1, Part
VII “Anchor Bolt Chairs’. When acceptable to the purchaser,
anchor straps may be used if the shell attachment isviachair-
type assemblies or anchor rings of sufficient size and height.

3.12.7 Other evaluations of anchor attachments to the shell
may be made to ensure that localized stresses in the shell will
be adequately handled. An acceptable evaluation techniqueis
given in ASME Section VIII Division 2, Appendix 4, using
the allowable stresses given in this section for Sy, The
method of attachment shall take into consideration the effect
of deflection and rotation of the shell.

3.12.8 Allowable stresses for anchorage parts shall be in
accordance with 3.10.3. A 33% increase of the allowable
stress may be used for wind or seismic loading conditions.

3.12.9 The maximum alowable locd stress in the shell at
the anchor attachment shall be limited to 170 MPa (25,000
psi) with no increase for wind or seismic loading.

3.12.10 When specified by the purchaser, the anchors shall
be designed to allow for thermal expansion of the tank result-
ing from atemperature greater than 90°C (200°F).

3.12.11 Any anchor bolts shall be uniformly tightened to a
snug fit, and any anchor straps shall be welded while the tank
is filled with test water but before any pressure is applied on
top of the water. Measures such as peening the threads or
adding locking nuts, shall be taken to prevent the nuts from
backing off the threads.

3.12.12 The embedment strength of the anchor in the foun-
dation shall be sufficient to develop the specified minimum
yield strength of the anchor. Hooked anchors or end plates
may be used to resist pullout.

3.12.13 The foundation shall provide adequate counterbal-
ancing weight to resist the design uplift loads in accordance
with the following.

3.12.13.1 The counterbalancing weight, such as a concrete
ringwall, shall be designed so that the resistance to net uplift
is in accordance with When considering uplift
dueto awind or seismic moment, an evaluation shall be made
to insure overturning stability of the foundation and to insure

soil-bearing pressures are within alowable stress levels as
determined using the recommendations of Appendix B.

3.12.13.2 When a footing is included in the ringwall
design, the effective weight of the soil above the footing may
be included in the counterba ancing weight.

Table 3-21a—Uplift Loads (Sl Units)

Uplift Load Case Net Uplift Formula, U (N) Allowable Anchor Bolt Stress MPa
Design Pressure [(P—0.08t,) x D? x 0.785] —W; 105
Test Pressure [(P;—0.08t,,) x D? x 0.785] —W; 140
Failure Pressure? [(L5 x P; —0.08t,) x D? x 0.785] —W5 Fy
Wind Load [4 x My/D] -W, 0.8xFy
Seismic Load [4 x M¢JD] =W, 0.8 Fy
Design Pressure + Wind [(P-0.08ty) x Dy x 0.785] +[4 M,,/D] — W 140
Design Pressure + Seismic [(P-0.08ty) x Dy x 0.785] +[4 MdD] —W; 0.8x Fy
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W; = dead load of shell minusany corrosion allow-
ance and any dead load other than roof plate

D = tank diameterin (m),

P = design pressurein (kPa) (see Appendix F),

P; = test pressurein (kPa) (see Appendix F), W,
Ps = failure pressurein (kPa) (see Appendix F),

th, = roof plate thickness (mm),
My, = wind moment in (N-m) (see 3.11), W3

Mg = seismic moment in (N-m) (see Appendix E),

acting on the shell minus any corrosion allow-
ance (N),

dead load of shell minus any corrosion allow-

ance and any dead load including roof plate
acting on the shell minus any corrosion allow-
ance (N),

dead load of the shell using as built thicknesses

and any dead load other than roof plate acting
on the shell using as built thicknesses (N).

8Failure pressure applies to tanks faling under F.1.3 only. The fail-
ure pressure shall be calculated using as-built thicknesses.

Table 3-21b—Uplift Loads (US Customary Units)

Uplift Load Case Net Uplift Formula, U (Ibf) Allowable Anchor Bolt Stress Ibf/in.2
Design Pressure [(P—8ty) x D? x 4.08] -W; 15,000
Test Pressure [(P—8ty) x D? x 4.08] —W; 20,000
03| |Failure Pressure? [(L5 x P; —8ty) x D? x 4.08] —W3 Fy
Wind Load [4 x My/D] —W, 0.8 % Fy
Seismic Load [4 x MdD] —W, 0.8 % Fy
Design Pressure + Wind [(P-8th) x Dy x 4.08] +[4M,/D] —W; 20,000
Design Pressure + Seismic [(P—8ty) x Dy x 4.08] +[4 MdD] — Wy 0.8x Fy
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My = wind moment in ft-lbs (see 3.11),

D = tank diameter in ft,

P = design pressure in inches of water column (see

Appendix F), W,
P; = test pressureininches of water column (see
Appendix F),
Ps = failure pressure in inches of water column (see W
Appendix F), 3

th = roof plate thicknessin inches,

acting on the shell minus any corrosion allow-
ance (1bf),

dead load of shell minus any corrosion allow-
ance and any dead load including roof plate
acting on the shell minus any corrosion allow-
ance (Ibf),

dead load of the shell using as built thicknesses
and any dead load other than roof plate acting
on the shell using as built thicknesses (1bf).

3Failure pressure applies to tanks falling under F.1.3 only. The fail-

ure pressure shall be calculated using as-built thicknesses.

Mg = seismic moment in ft-Ibs (see Appendix E),

W, = dead load of shell minusany corrosion alow-
ance and any dead load other than roof plate

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

03



Copyright American Petroleum Institute Document provided by IHS Licensee=Shell Services International B.V./5924979112,
Reproduced by IHS under license with API 09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



00

SECTION 4—FABRICATION

41 GENERAL
41.1 Workmanship

4.1.1.1 All work of fabricating APl Standard 650 tanks
shall be done in accordance with this standard and with the
permissible alternatives specified in the purchaser’sinquiry or
order. The workmanship and finish shall befirst classin every
respect and subject to the closest inspection by the manufac-
turer’s inspector even if the purchaser has waived any part of
the inspection.

4.1.1.2 When material requires straightening, the work
shall be done by pressing or another noninjurious method
prior to any layout or shaping. Heating or hammering is not
permissible unless the material is maintained at forging tem-
perature during straightening.

4.1.2 Finish of Plate Edges

The edges of plates may be sheared, machined, chipped, or
machine gas cut. Shearing shall be limited to plates less than
or equal to 10 mm (3/g in.) thick used for butt-welded joints
and to plates less than or equal to 16 mm (%/g in.) thick used
for lap-welded joints.

Note: With the purchaser’s approval, the shearing limitation on
plates used for butt-welded joints may be increased to a thickness
less than or equal to 16 mm (%/gin.).

When edges of plates are gas cut, the resulting surfaces
shall be uniform and smooth and shall be freed from scale
and slag accumulations before welding. After cut or sheared
edges are wire brushed, the fine film of rust adhering to the
edges need not be removed before welding. Circumferential
edges of roof and bottom plates may be manually gas cut.

4.1.3 Shaping of Shell Plates

Shell plates shall be shaped to suit the curvature of the
tank and the erection procedure according to the following
schedule:

Nominal Plate Thickness Nominal Tank Diameter

mm (in.) m (ft)
=16 (%/g) All
From 13 (15) to < 16 (5/g) < 36 (120)
From 10 (3/g) to < 13 (}/5) <18 (60)
From 5 (3/16) to < 10 (3/g) <12 (40)
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4.1.4 Marking

All specia plates that are cut to shape before shipment as
well as roof-supporting structural members shall be marked
as shown on the manufacturer’s drawings.

4.1.5 Shipping

Plates and tank material shall be loaded in a manner that
ensures delivery without damage. Bolts, nuts, nipples, and
other small parts shall be boxed or put in kegs or bags for
shipment.

4.2 SHOP INSPECTION

4.2.1 The purchaser's inspector shal be permitted free
entry to al parts of the manufacturer’s plant that are con-
cerned with the contract whenever any work under the con-
tract is being performed. The manufacturer shall afford the
purchaser’s inspector, all reasonable facilities to assure the
inspector that the material is being furnished in accordance
with this standard. Also, the manufacturer shall furnish, sam-
ples or specimens of materials for the purpose of qualifying
weldersin accordance with 7.3.

Unless otherwise specified, inspection shall be made at the
place of manufacture prior to shipment. The manufacturer
shall give the purchaser ample notice of when the mill will
roll the plates and when fabrication will begin so that the pur-
chaser’s inspector may be present when required. The usua
mill test of plates shall be deemed sufficient to prove the qual-
ity of the steel furnished (except as noted in 4.2.2). Mill test
reports or certificates of compliance, as provided for in the
material specification, shall be furnished to the purchaser
only when the option is specified in the original purchase
order that they be provided.

4.2.2  Mill and shop inspection shall not release the manu-
facturer from responsibility for replacing any defective mate-
ria and for repairing any defective workmanship that may be
discovered in thefield.

4.2.3 Any material or workmanship that in any way failsto
meet the requirements of this standard may be rejected by the
purchaser’s inspector, and the material involved shall not be
used under the contract. Material that shows injurious defects
subsequent to its acceptance at the mill, subsequent to its
acceptance at the manufacturer’s works, or during erection
and testing of the tank will be rejected. The manufacturer will
be notified of this in writing and will be required to furnish
new materia promptly and make the necessary replacements
or suitable repairs.
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SECTION 5—ERECTION

5.1 GENERAL

5.1.1 The subgrade for receiving the tank bottom shall be
provided by the purchaser, unless otherwise specified on the
purchase order, and shall be uniform and level.

5.1.2 The manufacturer shall furnish all labor, tools, weld-
ing equipment and cables, falsework, scaffolding, and other
equipment necessary for erecting tanks that are complete and
ready for use. Power for welding shall be supplied by the
manufacturer unless other arrangements are stated in the pur-
chase order.

5.1.3 Paint or foreign material shall not be used between
surfaces in contact in the construction of the tank proper,
except as permitted by 5.2.1.9.

5.1.4 Pant or other protection for structural work inside
and outside of the tank shall be as specified on the purchase
order and shall be applied by competent workers.

5.1.5 Lugs attached by welding to the exterior of the tank
for the purpose of erection only shall be removed, and any
noticeable projections of weld metal shall be chipped from
the plate. The plate shall not be gouged or torn in the process
of removing the lugs.

5.2 DETAILS OF WELDING
5.2.1 General

5.2.1.1 Tanks and their structural attachments shall be
welded by the shielded meta-arc, gas meta-arc, gas tung-
sten-arc, oxyfuel, flux-cored arc, submerged-arc, electrosag,
or electrogas process using suitable equipment. Use of the
oxyfuel, electroslag, or electrogas process shall be by agree-
ment between the manufacturer and the purchaser. Use of the
oxyfuel processis not permitted when impact testing of the
materia is required. All tank welding shall be performed in
accordance with the requirements of Section 7 of this stan-
dard and welding procedure specifications as described in
Section IX of the ASME Code. Welding shall be performedin
amanner that ensures complete fusion with the base metal.

5.2.1.2 No welding of any kind shall be performed when
the surfaces of the parts to be welded are wet from rain, snow,
or ice; when rain or snow isfaling on such surfaces; or during
periods of high winds unless the wel der and the work are prop-
erly shielded. Also, no welding of any kind shall be performed
when the temperature of the base meta is less than —20°C
(0°F). When the temperature of the base metal is—20°C to 0°C
(O°F to 32°F) or the thickness of the base metal isin excess of
32 mm (14 in.), the base metal within 75 mm (3 in.) of the
place where welding is to be started shall be heated to a tem-
perature warm to the hand (see 5.2.3.4 for preheat require-
ments for shell plates over 38 mm [11/, in] thick).
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5.2.1.3 Each layer of weld metal or multilayer welding
shal be cleaned of dag and other deposits before the next

layer isapplied.

5.2.1.4 Theedgesof al welds shall merge with the surface
of the plate without a sharp angle. For vertical butt joints, the
maximum acceptable undercutting is 0.4 mm (Y/g4 in.) of the
base metal. For horizontal butt joints, undercutting not
exceeding 0.8 mm (Y, in.) in depth is acceptable.

5.2.1.5 Thereinforcement of the welds on all butt joints on
each side of the plate shall not exceed the following thick-
NEesses:

Maximum Reinforcement Thickness

Plate Thickness mm (in.)
mm (inches) Vertical Joints Horizontal Joints
<13 (%) 2.5 (3/3p) 3 (¥g)
>13 () t025 (1) 3 (Ug) 5 (3/16)
>25(1) 5(¥10) 6(Y2)

The reinforcement need not be removed except to the
extent that it exceeds the maximum acceptable thickness or
unlessitsremoval isrequired by 6.1.3.4.

5.2.1.6 During the welding operation, plates shall be held
in close contact at all lap joints.

5.2.1.7 The method proposed by the manufacturer for
holding the plates in position for welding shall be submitted
to the purchaser’s inspector for approval if approval has not
already been given in writing by the purchaser.

5.2.1.8 Tack welds used during the assembly of vertical
joints of tank shells shall be removed and shall not remain in
the finished joints when the joints are welded manually.
When such joints are welded by the submerged-arc process,
the tack welds shall be thoroughly cleaned of al welding slag
but need not be removed if they are sound and are thoroughly
fused into the subsequently applied weld beads.

Whether tack welds are removed or left in place, they shall
be made using a fillet-weld or butt-weld procedure qualified
in accordance with Section IX of the ASME Code. Tack
weldsto be left in place shal be made by welders quaified in
accordance with Section 1X of the ASME Code and shall be
visually examined for defects, which shall be removed if
found (see 6.5 for criteriafor visua examination).

5.2.1.9 If protective coatings are to be used on surfaces to
be welded, the coatings shall be included in welding-proce-
dure qualification tests for the brand formulation and maxi-
mum thickness of coating to be applied.

Document provided by IHS Licensee=Shell Services International B.V./5924979112,

09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

| 00



03

03

5-2 APl STANDARD 650

5.2.1.10 Low-hydrogen electrodes shall be used for all
manua metal-arc welds in annular rings and shell courses,
including the attachment of the first shell course to bottom or
annular plates, asfollows:

a Where the plates are thicker than 12.5 mm (¥, in.) (based
on the thickness of the thicker member being joined) and
made of material from Groups I-l11.

b. For dl thicknesses when the plates are made of material
from Groups 1V, IVA,V and VI.

5.2.1.11 Non-structural small attachments such as insula
tion clips, studs and pins but not insulation support rings or
bars may be welded by the arc stud, capacitor discharge or
shielded metal arc process to the exterior of the shell includ-
ing reinforcing plates or PWHT assemblies and roof either
before or after hydrostatic testing is performed, but before the
tank will befilled with product provided:

a. The attachment locations meet the spacing requirements
of 3.8.1.2 (a).

b. The arc stud welding process is limited to 10 mm (3/g in.)
maximum diameter studs or equivalent cross section.

¢. The maximum shielded metal arc electrode is limited to
3 mm (Y8 in.) diameter and shall be alow hydrogen type.

d. The attachment welds, except for those made by the
capacitor discharge method, shall be inspected per 5.2.3.5.
The attachment welds made by the capacitor discharge
method shall be visually examined. for al types and groups
of shell materials.

e. All stud welding and capacitor discharge procedures have
been qualified in accordance with ASME Section IX. Capaci-
tor discharge procedures do not require procedure qualification
provided the power output is 125 watt-sec. or less.

The shielded metal arc weld procedures shall meet the
requirements of Section 7 for qualification for use.

5.2.2 Bottoms

5.2.2.1 After the bottom plates are laid out and tacked, they
shall be joined by welding the joints in a sequence that the
manufacturer has found to result in the least distortion from
shrinkage and thus to provide as nearly as possible a plane
surface.

5.2.2.2 The welding of the shell to the bottom shall be
practically completed before the welding of bottom joints that
may have been left open to compensate for shrinkage of any
welds previously made is completed.

5.2.2.3 Shdl plates may be aligned by metal clips attached
to the bottom plates, and the shell may be tack welded to the
bottom before continuous welding is started between the bot-
tom edge of the shell plate and the bottom plates.
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5.2.3 Shells

5.2.3.1 Plates to be joined by butt welding shall be
matched accurately and retained in position during the weld-
ing operation. Misalignment in completed vertical joints for
plates greater than 16 mm (°/gin.) thick shall not exceed 10%
of the plate thickness or 3 mm (Yg in.), whichever is less;
misalignment for plates less than or equal to 16 mm (%/g in.)
thick shall not exceed 1.5 mm (Y/4gin.).

5.2.3.2 In completed horizontal butt joints, the upper plate
shall not project beyond the face of the lower plate at any
point by more than 20% of the thickness of the upper plate,
with a maximum projection of 3 mm (¥/g in.); however, for
upper plates less than 8 mm (/46 in.) thick, the maximum
projection shall be limited to 1.5 mm (Y4 in.).

5.2.3.3 Thereverse side of double-welded butt joints shall
be thoroughly cleaned in amanner that will leave the exposed
surface satisfactory for fusion of the weld metal to be added,
prior to the application of the first bead to the second side.
This cleaning may be done by chipping; grinding; melting
out; or where the back of the initial bead is smooth and free
from crevices that might entrap dag, another method that,
upon field inspection, is acceptable to the purchaser.

5.2.3.4 For circumferential and vertical jointsin tank shell
courses constructed of material more than 38 mm (1%, in.)
thick (based on the thickness of the thicker plate at the joint),
multipass weld procedures are required, with no pass over
19 mm (3/4in.) thick permitted. A minimum preheat of 90°C
(200°F) isrequired for these welds.

5.2.3.5 The requirements of this section shall be followed
when welding to Group 1V, IVA, V, and VI materials. Perma
nent and temporary attachments (see 5.2.1.10 for information
on shell-to-bottom welds) shall be welded with low-hydrogen
electrodes. Both permanent and temporary attachments shall
be welded in accordance with a procedure that minimizes the
potential for underbead cracking. The need for preheat shall
be considered when the procedure is selected either for weld-
ing thick plates or for welding during low atmospheric tem-
perature. The welds of permanent attachments (not including
shell-to-bottom welds) and areas where temporary attach-
ments are removed, shall be examined visually and by either
the magnetic particle method or the liquid penetrant method
(see 6.2, 6.4,0r 6.5 for the appropriate inspection criteria).

5.2.3.6 Completed welds of stress-relieved assemblies
shall be examined by visua, as well as by magnetic particle
or penetrant methods, after stress relief, but before hydro-
static test.

5.2.3.7 Fush-type connections shall be inspected accord-
ingto 3.7.8.11.
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5.2.4 Shell-To-Bottom Welds

5.2.4.1 Theinitia weld pass inside the shell shall have
al slag and non-metals removed from the surface of the
weld and then examined for its entire circumference prior
to welding the first weld pass outside the shell (temporary
weld fit-up tacks excepted), both visually and by one of
the following methods to be agreed to by purchaser and
manufacturer:

a Magnetic particle.

b. Applying a solvent liquid penetrant to the weld and then
applying a devel oper to the gap between the shell and the bot-
tom and examining for leaks after a minimum dwell time of
one hour.

c. Applying awater soluble liquid penetrant to either side of
the joint and then applying a devel oper to the other side of the
joint and examining for leaks after a minimum dwell time of
one hour.

d. Applying a high flash point penetrating oil such as light
diesel to the gap between the shell and the bottom, letting
stand for at least four hours, and examining the weld for evi-
dence of wicking.

Note: Residua oil may remain on the surfaces yet to be welded even
after the cleaning required below and contamination of the subse-
quent weld is possible.

e. Applying a bubble-forming solution to the weld, using a
right angle vacuum box, and examining for bubbles.

Thoroughly clean al residual examination materials from
the as yet to be welded surfaces and from the unwelded gap
between the shell and bottom. Remove defective weld seg-
ments and reweld as required. Reexamine the repaired welds
and aminimum of 150 mm (6 in.) to either side in the manner
described above. Repeat this clean-remove-repair-examine-
and-clean process until there is no evidence of leaking. Com-
plete all welding passes of the joint both inside and outside
the shell. Visualy examine the finished weld surfaces of the
joint both inside and outside the shell for their entire circum-
ference.

'5.2.4.2 Asandternaiiveto 5.2.4.1, theinitial weld passes,
‘inside and outside of the shell, shall have al slag and non-
‘metals removed from the surface of the welds and the welds
‘shall be examined visually. Additionally, after the completion
-of the inside and outside fillet or partial penetration welds,
‘the welds may be tested by pressurizing the volume between
‘the inside and outside welds with air pressure to 103 kPa (15
Ibf/in.2 gauge) and applying a solution film to both welds. To
assure that the air pressure reaches al parts of the welds, a
sealed blockage in the annular passage between the inside
and outside welds must be provided by welding at one or
more points. Additionally, a small pipe coupling communi-
cating with the volume between the wel ds must be connected
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at one end and a pressure gauge connected to a coupling on
the other end of the segment under test.

¢ 5.2.4.3 By agreement between the purchaser and the man-
ufacturer, the examinations of 5.2.4.1 may be waived if the
following examinations are performed on the entire circum-
ference of the weld(s):

a Visualy examinethe initial weld pass (inside or outside).
b. Visually examine the finished joint welded surfaces, both
inside and outside the shell.

c. Examine either side of the finished joint weld surfaces by
magnetic particle, or liquid penetrant, or right angle vacuum
box.

5.2.5 Roofs

Except for the stipulation that the structural framing (such
as the rafters and girders) of the roof must be reasonably true
to line and surface, this standard does not include specid stip-
ulations for erection of the roof.

5.3 INSPECTION, TESTING, AND REPAIRS
5.3.1 General

5.3.1.1 The purchaser’s inspector shall at al times have
free entry to all parts of the job while work under the contract
is being performed. The manufacturer shall afford the pur-
chaser’s ingpector reasonable facilities to assure the inspector
that the work is being performed in accordance with this stan-
dard.

5.3.1.2 Any material or workmanship shall be subject to
the replacement requirements of 4.2.3.

5.3.1.3 Materid that is damaged by defective workman-
ship or that is otherwise defective will be rejected. The manu-
facturer will be notified of thisin writing and will be required
to furnish new material promptly or to correct defective work-
manship.

5.3.1.4 Before acceptance, al work shall be completed to
the satisfaction of the purchaser’s inspector, and the entire
tank, when filled with ail, shall be tight and free from leaks.

53.2

5.3.2.1 Butt-Welds

Inspection of Welds

Complete penetration and complete fusion are required for
welds joining shell plates to shell plates. Inspection for the
quality of the welds shall be made using either the radio-
graphic method specified in 6.1 or aternatively, by agreement
between the purchaser and the manufacturer, using the ultra-
sonic method specified in 6.3.1. In addition to the radio-
graphic or ultrasonic examination, these welds shall also be
visually examined. Furthermore, the purchaser’s inspector
may visualy inspect al butt-welds for cracks, arc strikes,
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5-4 APl STANDARD 650

excessive undercuts, surface porosity, incomplete fusion, and
other defects. Acceptance and repair criteria for the visua
method are specified in 6.5.

5.3.2.2 Fillet Welds

Fillet welds shall be inspected by the visual method. The
final weld shall be cleaned of dag and other deposits prior to
inspection. Visual examination acceptance and repair criteria
are specified in 6.5.

5.3.2.3 Responsibility

The manufacturer shall be responsible for making radio-
graphs and any necessary repairs; however, if the purchaser’'s
inspector requires radiographs in excess of the number speci-
fied in Section 6, or requires chip-outs of fillet welds in
excess of one per 30 m (100 ft) of weld and no defect is dis-
closed, the additional inspections and associated work shall
be the responsihility of the purchaser.

5.3.3 Examination and Testing of the Tank Bottom

Upon completion of welding of the tank bottom, the bot-
tom welds and plates shall be examined visualy for any
potential defects and leaks. Particular attention shall apply to
areas such as sumps, dents, gouges, three-plate laps, bottom
plate breakdowns, arc strikes, temporary attachment removal
areas, and welding lead arc burns. Visual examination accep-
tance and repair criteria are specified in 6.5. In addition, all
welds shall be tested by one of the following methods:

a A vacuum box test in accordance with 6.6.
b. A tracer gastest in accordance with 6.6.11.

c. After at least the lowest shell course has been attached to
the bottom, water (to be supplied by the purchaser) shall be
pumped underneath the bottom. A head of 150 mm (6 in.) of
liquid shall be maintained using atemporary dam to hold that
depth around the edge of the bottom. The line containing
water for testing may be installed temporarily by running it
through a manhole to one or more temporary flange connec-
tions in the bottom of the tank, or the line may be installed
permanently in the subgrade beneath the tank. The method of
installation should be governed by the nature of the subgrade.
Reasonable care shall be taken to preserve the prepared sub-
grade under the tank.

5.3.4 Inspection of Reinforcement-Plate Welds

After fabrication is completed but before the tank isfilled
with test water, the reinforcement plates shall be tested by
applying up to 100 kPa (15 Ibf/in.?) gauge pneumatic pres-
sure between the tank shell and the reinforcement plate on
each opening using the tell-tale hole specified in 3.7.5.1.
While each space is subjected to such pressure, a soap film,
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linseed oail, or another material suitable for the detection of
leaks shall be applied to al attachment welding around the
reinforcement, both inside and outside the tank.

5.3.5 Testing of the Shell

After the entire tank and roof structure is completed, the
shell (except for the shell of tanks designed in accordance
with Appendix F) shall be tested by one of the following
methods:

a If water is available for testing the shell, the tank shall be
filled with water asfollows: (1) to the maximum design liquid
level, H; (2) for a tank with a tight roof, to 50 mm (2 in.)
above the weld connecting the roof plate or compression bar
to the top angle or shell; or (3) to alevel lower than that spec-
ified in subitem 1 or 2 when restricted by overflows, an
internal floating roof, or other freeboard by agreement
between the purchaser and the manufacturer. The tank shall
be inspected frequently during the filling operation, and any
welded joints above the test-water level shall be examined in
accordance with item b. This test shall be conducted before
permanent external piping is connected to the tank. Attach-
ments to the shell defined in 3.8.1.1, located at least 1 m (3 ft)
above the water level, and roof appurtenances may be welded
during the filling of the tank. After completion of the
hydrotest, only non-structural small attachments may be
welded to the tank in accordance with 5.2.1.11.

b. If sufficient water to fill the tank is not available, the tank
may be tested by (1) painting al of the joints on the inside
with a highly penetrating ail, such as automobile spring ail,
and carefully examining the outside of the joints for leakage;
(2) applying vacuum to either side of the joints or applying
internal air pressure as specified for the roof test in 5.3.6 and
carefully examining the joints for leakage; or (3) using any
combination of the methods stipulated in 5.3.5.b, subitems 1
and 2.

5.3.6 Testing of the Roof

5.3.6.1 Upon completion, the roof of atank designed to be
gastight (except for roofs designed under 5.3.6.2, F.4.4, and
F.7.6) shall be tested by one of the following methods:

a. Applying internal air pressure not exceeding the weight of
the roof plates and applying to the weld joints a soap solution
or other material suitable for the detection of leaks.

b. Vacuum testing the weld joints in accordance with 6.6 to
detect any leaks.

5.3.6.2 Upon completion, the roof of atank not designed to
be gastight, such as atank with peripheral circulation vents or
a tank with free or open vents, shal receive only visud
inspection of itsweld joints, unless otherwise specified by the
purchaser.
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5.4 REPAIRS TOWELDS

5.4.1 All defectsfound in weldsshall be called to the atten-
tion of the purchaser’s inspector, and the inspector’s approval
shall be obtained before the defects are repaired. All com-
pleted repairs shal be subject to the approval of the pur-
chaser’s inspector. Acceptance criteria are specified in 6.2,
6.4, and 6.5, as applicable.

5.4.2 Pinholeleaksor porosity in atank bottom joint may be
repaired by applying an additional weld bead over the defective
area. Other defects or cracks in tank bottom or tank roof
(including floating roofsin Appendix C) joints shall be repaired
asrequired by 6.1.7. Mechanical caulking is not permitted.

5.4.3 All defects, cracks, or leaksin shell joints or the shell-
to-bottom joint shall be repaired in accordance with 6.1.7.

5.4.4 Repairs of defects discovered after the tank has been
filled with water for testing shall be made with the water
level at least 0.3 m (1 ft) below any point being repaired or, if
repairs have to be made on or near the tank bottom, with the
tank empty. Welding shall not be done on any tank unless all
connecting lines have been completely blinded. Repairs shall
not be attempted on a tank that is filled with oil or that has
contained oil until thetank has been emptied, cleaned, and

gasfreed. Repairs on atank that has contained oil shal not be
attempted by the manufacturer unless the manner of repair
has been approved in writing by the purchaser and the repairs
are made in the presence of the purchaser’s inspector.

5.5 DIMENSIONAL TOLERANCES
5.5.1 General

The purpose of the tolerances given in 5.5.2 through 5.5.6
isto produce atank of acceptable appearance and to permit
proper functioning of floating roofs. These tolerances may
be waived by agreement between the purchaser and the
manufacturer.

5.5.2 Plumbness

The maximum out-of-plumbness of the top of the shell rel-
ative to the bottom of the shell shall not exceed /,qg of the
total tank height. The out-of-plumbness in one shell course
shall not exceed the permissible variations for flatness and
waviness as specified in ASTM A 6M/A 6, ASTM A 20M/
A 20, or ASTM A 480M/A 480, whichever is applicable.
The /50 criteriashall also apply to fixed roof columns. For
tanks with internal floating roofs, apply the criteria of this
section or Appendix H, whichever is more stringent.
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5.5.3 Roundness

Radii measured at 0.3 m (1 ft) above the bottom corner
weld shall not exceed the following tolerances:

Tank Diameter Radius Tolerance
m (ft) mm (in.)
<12 (40) +13(Yy)
From 12 (40) to < 45 (150) +19 3y
From 45 (150) to < 75 (250) +25 (1)
> 75 (250) +32 (1Y)

5.5.4 Local Deviations

Loca deviations from the theoretical shape (for example,
weld discontinuities and flat spots) shall be limited asfollows:

a. Deviations (peaking) at verticd weld joints shal not
exceed 13 mm (Y5 in.). Peaking at vertical weld joints shall be
determined using a horizontal sweep board 900 mm (36 in.)
long. The sweep board shall be made to the nominal radius of
the tank.

b. Deviations (banding) at horizontal weld joints shall not
exceed 13 mm (Y5 in.). Banding a horizontal weld joints
shall be determined using a straight edge vertical sweep board
900 mm (36in.) long.

c. Flat spots measured in the vertical plane shal not exceed
the appropriate plate flatness and waviness requirements
givenin5.5.2.

5.5.5 Foundations

5.5.5.1 To achieve the tolerances specified above, it is
essential that a foundation true to the plane be provided for
the tank erection. The foundation should have adequate
bearing to maintain the trueness of the foundation (see
Appendix B).

5.5.5.2 Where foundations true to a horizonta plane are
specified, tolerances shall be as follows:

a. Where a concrete ringwall is provided under the shell, the
top of the ringwall shall be level within £3 mm (Ygin.) inany
9 m (30 ft) of the circumference and within £6 mm (Y, in.) in
the total circumference measured from the average elevation.

b. Where a concrete ringwall is not provided, the foundation
under the shell shall belevel within+3 mm (Y/gin.) inany 3m
(10 ft) of the circumference and within 13 mm (Y5 in.) in the
total circumference measured from the average elevation.

c. Where a concrete dab foundation is provided, the first 0.3
m (1 ft) of the foundation (or width of the annular ring), mea-
sured from the outside of the tank radially towards the center,
shal comply with the concrete ringwall requirement. The
remainder of the foundation shall be within £13 mm (Y5 in.)
of the design shape.
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5.5.5.3 Where a doping foundation is specified, elevation
differences about the circumference shall be calculated from
the specified high point. Actual elevation differences about
the circumference shall be determined from the actual eleva-
tion of the specified high point. The actual elevation differ-
ences shal not deviate from the calculated differences by
more than the following tolerances:

a. Where a concrete ringwall is provided, £3 mm (Mg in.) in
any 9 m (30 ft) of circumference and +6 mm (X/4 in.) in the
total circumference.

b. Where aconcrete ringwall is not provided, +3 mm (Ygin.)
in any 3 m (10 ft) of circumference and =13 mm (Y5 in.) in
thetotal circumference.

5.5.6 Measurements

Measurements shall be taken prior to the water test.
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SECTION 6—METHODS OF INSPECTING JOINTS

er shall be taken at random (see the center panel of
Figure 6-1),

Note: In this standard, the term inspector, as used in SectionsV and
VIII of the ASME Code, shall be interpreted to mean the purchaser’s
inspector.

6.1 RADIOGRAPHIC METHOD

For the purposes of this paragraph, plates shal be consid-
ered of the same thickness when the difference in their speci-
fied or design thickness does not exceed 3 mm (Y/gin.).

6.1.1 Application

Rediographic inspection is required for shell butt-welds
(see 6.1.22 and 6.1.2.3), annular-plate butt-welds (see
6.1.2.9), and flush-type connections with butt-welds (see
3.7.8.11). Radiographic inspection is not required for the fol-
lowing: roof-plate welds, bottom-plate welds, welds joining
the top angle to either the roof or shell, weldsjoining the shell
plate to the bottom plate, welds in nozzle and manway necks
made from plate, or appurtenance welds to the tank.

6.1.2 Number and Location of Radiographs

6.1.2.1 Except when omitted under the provisions of A.3.4,
radiographs shall be taken as specified in 6.1.2 through 6.1.8.

6.1.2.2 Thefollowing requirements apply to vertical joints:

a. For butt-welded joints in which the thinner shell plate is
less than or equal to 10 mm (3/g in.) thick, one spot radio-
graph shall be taken in the first 3 m (10 ft) of completed
vertical joint of each type and thickness welded by each
welder or welding operator. The spot radiographs taken in the
vertical joints of the lowest course may be used to meet the
requirements of Note 3 in[ Figure 6-1 for individual joints.
Thereafter, without regard to the number of welders or weld-
ing operators, one additional spot radiograph shall betakenin
each additiona 30 m (100 ft) (approximately) and any
remaining major fraction of vertical joint of the same type
and thickness. At least 25% of the selected spots shall be at
junctions of vertical and horizontal joints, with aminimum of
two such intersections per tank. In addition to the foregoing
requirements, one random spot radiograph shall be taken in
each vertical joint in the lowest course (see the top panel of

Figure6-1).
b. For butt-welded joints in which the thinner shell plate is

greater than 10 mm (/g in.) but less than or equal to 25 mm
(1 in.) in thickness, spot radiographs shall be taken according
to item a. In addition, all junctions of vertical and horizontal
joints in plates in this thickness range shall be radiographed;
each film shall clearly show not less than 75 mm (3 in.) of
vertical weld and 50 mm (2 in.) of weld length on each side of
the vertical intersection. In the lowest course, two spot radio-
graphs shall be taken in each vertical joint: one of the
radiographs shall be as close to the bottom as is practicable,
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c. Vertica jointsin which the shell plates are greater than 25
mm (1 in.) thick shall be fully radiographed. All junctions of
vertica and horizontal joints in this thickness range shall be
radiographed; each film shall clearly show not less than 75
mm (3 in.) of vertical weld and 50 mm (2 in.) of weld length
on each side of the vertical intersection (see the bottom panel
of Figure 6-1),

d. The butt-weld around the periphery of an insert manhole
or nozzle shall be completely radiographed.

6.1.2.3 One spot radiograph shall be taken in the first 3 m
(10 ft) of completed horizontal butt joint of the same type and
thickness (based on the thickness of the thinner plate at the
joint) without regard to the number of welders or welding
operators. Thereafter, one radiograph shall be taken in each
additional 60 m (200 ft) (approximately) and any remaining
major fraction of horizontal joint of the same type and thick-
ness. These radiographs are in addition to the radiographs of

unctions of vertical joints required by item c of 6.1.2.2 (see
Figure 6-1).

6.1.2.4 When two or more tanks are erected in the same
location for the same purchaser, either concurrently or seri-
ally, the number of spot radiographs to be taken may be based
on the aggregate length of welds of the same type and thick-
nessin each group of tanks rather than the length in each indi-
vidud tank.

6.1.2.5 When two welders or welding operators work
together to weld opposite sides of abutt joint it is permissible
to ingpect their work with one spot radiograph. If the radio-
graphisrejected, additional spot radiographs shall be taken to
determine whether one or both of the welders or welding
operators are at faullt.

6.1.2.6 Anequa number of spot radiographs shall be taken
from the work of each welder or welding operator in propor-
tion to the length of joints welded.

6.1.2.7 Aswelding progresses, radiographs shall be taken
as soon as it is practicable. The locations where spot radio-
graphs are to be taken may be determined by the purchaser’s
inspector.

6.1.2.8 Each radiograph shdl clearly show a minimum of
150 mm (6 in.) of weld length. The film shall be centered on
the weld and shdll be of sufficient width to permit adequate
space for the location of identification marks and an image
quality indicator (1QI) (penetrameter).

6.1.2.9 When bottom annular plates are required by
3.5.1, or by M.4.1, theradial joints shall be radiographed as
follows: (a) For double-welded butt joints, one spot radio-

&L
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o
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thereafter, 25% of which shall be at intersections.

Horizontal spot radiograph in accordance with 6.1.2.3: one in the first 3 m (10 ft) and one in each 60 m (200 ft) thereafter.
Vertical spot radiograph in each vertical seam in the lowest course (see 6.1.2.2, item b). Spot radiographs that satisfy the
requirements of Note 1 for the lowest course may be used to satisfy this requirement.

Spot radiographs of all intersections over 10 mm (3/g in.) (see 6.1.2.2, item b).

Spot radiograph of bottom of each vertical seam in lowest shell course over 10 mm (3/gin.) (see 6.1.2.2, item b).
Complete radiograph of each vertical seam over 25 mm (1 in.). The complete radiograph may include the spot radio-
graphs of the intersections if the film has a minimum width of 200 mm (4 in.) (see 6.1.2.2, item c).

Figure 6-1—Radiographic Requirements for Tank Shells
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WELDED STEEL TANKS FOR OIL STORAGE 6-3

graph shall be taken on 10% of the radial joints; (b) For sin-
gle-welded butt joints with permanent or removable backup
bar, one spot radiograph shall be taken on 50% of the radial
joints. Extra care must be exercised in the interpretation of
radiographs of single-welded joints that have a permanent
backup bar. In some cases, additional exposures taken at an
angle may determine whether questionable indications are
acceptable. The minimum radiographic length of each
radial joint shall be 150 mm (6 in.). Locations of radio-
graphs shall preferably be at the outer edge of the joint
where the shell-plate and annular plate join.

6.1.3 Technique

6.1.3.1 Except as modified in this section, the radiographic
examination method employed shall be in accordance with
Section V, Article 2, of the ASME Code.

6.1.3.2 Personnel who perform and evaluate radiographic
examinations according to this section shall be qualified and
certified by the manufacturer as meeting the requirements of
certification as generally outlined in Level Il or Level Il of
ASNT SNT-TC-1A (including applicable supplements).
Level | personnel may be used if they are given written accep-
tancelrejection procedures prepared by Level 11 or Level I11
personnel. These written procedures shall contain the applica-
ble requirements of SectionV, Article 2, of the ASME Code.
In addition, all Level | personnel shall be under the direct
supervision of Level 1l or Level 111 personnel.

6.1.3.3 The requirements of T-285 in Section V, Article 2,
of the ASME Code are to be used only as a guide. Fina
acceptance of radiographs shall be based on the ability to see
the prescribed image quality indicator (penetrameter) and the
specified hole or wire.

6.1.3.4 The finished surface of the weld reinforcement at
the location of the radiograph shall either be flush with the
plate or have a reasonably uniform crown not to exceed the
following values:

Maximum Thickness of

Plate Thickness Reinforcement
mm (in.) mm (in.)

<13 (%) 1.5 (Y1g)

> 13 () to 25 (1) 25 (3/30)

>25(1) 3 (Ug)

6.1.4 Submission of Radiographs

Before any welds are repaired, the radiographs shall be
submitted to the inspector with any information requested by
the inspector regarding the radiographic technique used.

Copyright American Petroleum Institute
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6.1.5 Radiographic Standards

Welds examined by radiography shall be judged as accept-
able or unacceptable by the standards of Paragraph UW-51(b)
in Section V111 of the ASME Code.

6.1.6 Determination of Limits of Defective Welding

When a section of weld is shown by a radiograph to be
unacceptable under the provisions of 6.1.5 or the limits of the
deficient welding are not defined by the radiograph, two spots
adjacent to the section shall be examined by radiography;
however, if the original radiograph shows at least 75 mm (3
in.) of acceptable weld between the defect and any one edge
of the film, an additional radiograph need not be taken of the
weld on that side of the defect. If the weld at either of the
adjacent sections fails to comply with the requirements of
6.1.5, additional spots shall be examined until the limits of
unacceptable welding are determined, or the erector may
replace al of the welding performed by the welder or welding
operator on that joint. If thewelding is replaced, the inspector
shall have the option of requiring that one radiograph be
taken at any selected |location on any other joint on which the
same welder or welding operator has welded. If any of these
additional spotsfail to comply with the requirements of 6.1.5,
the limits of unacceptable welding shall be determined as
specified for the initial section.

6.1.7 Repair of Defective Welds

6.1.7.1 Defects in welds shall be repaired by chipping or
melting out the defects from one side or both sides of the
joint, as required, and rewelding. Only the cutting out of
defective joints that is necessary to correct the defects is
required.

6.1.7.2 All repaired welds in joints shal be checked by
repeating the original inspection procedure and by repeating
one of the testing methods of 5.3, subject to the approva of
the purchaser.

6.1.8 Record of Radiographic Examination

6.1.8.1 The manufacturer shall prepare an as-built radio-
graph map showing the location of all radiographs taken
along with the film identification marks.

6.1.8.2 After the structure is completed, the films shall be
the property of the purchaser unless otherwise agreed upon
by the purchaser and the manufacturer.

6.2 MAGNETIC PARTICLE EXAMINATION

6.2.1 When magnetic particle examination is specified, the
method of examination shall be in accordance with Section 'V,
Article 7, of the ASME Code.
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6.2.2 Magnetic particle examination shall be performed in
accordance with a written procedure that is certified by the
manufacturer to be in compliance with the applicable require-
ments of SectionV of the ASME Code.

6.2.3 The manufacturer shall determine that each magnetic
particle examiner meets the following requirements:

a Hasvision (with correction, if necessary) to be ableto read
a Jaeger Type 2 standard chart at a distance of not less than
300 mm (12in.) and is capable of distinguishing and differen-
tiating contrast between the colors used. Examiners shall be
checked annually to ensure that they meet these requirements.
b. Is competent in the technique of the magnetic particle
examination method, including performing the examination
and interpreting and evaluating the results;, however, where
the examination method consists of more than one operation,
the examiner need only be qualified for one or more of the
operations.

6.32.4 Acceptance standards and the removal and repair of
defects shall be in accordance with Section V111, Appendix 6,
Paragraphs 6-3, 6-4, and 6-5, of the ASME Code.

6.3 ULTRASONIC EXAMINATION

6.3.1 Ultrasonic Examination in Lieu of
Radiography

When ultrasonic examination is applied in order to fulfill
the requirement of 5.3.2.1, the provisions of Appendix U

shall apply.

6.3.2 Ultrasonic Examination NOT in lieu of
Radiography

6.3.2.1 When the radiographic method is applied in order
to fulfill the requirement of 5.3.2.1, then any ultrasonic exam-
ination specified shall bein accordance with this section.

6.3.2.2 The method of examination shall be in accordance
with Section V, Article 5, of the ASME Code.

6.3.2.3 Ultrasonic examination shall be performed in
accordance with a written procedure that is certified by the
manufacturer to be in compliance with the applicable require-
ments of SectionV of the ASME Code.

6.3.2.4 Examiners who perform ultrasonic examinations
under this section shall be qudified and certified by the man-
ufacturers as meeting the requirements of certification as gen-
eraly outlined in Level |1 or Level 111 of ASNT SNT-TC-1A
(including applicable supplements). Level | personnel may be
used if they are given written acceptance/rejection criteria
prepared by Level Il or Level 111 personnel. In addition, al
Level | personnel shall be under the direct supervision of
Level Il or Level 111 personnel.
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purchaser and the manufacturer.

6.4 LIQUID PENETRANT EXAMINATION

6.4.1 When liquid penetrant examination is specified, the
method of examination shall be in accordance with Section V,
Article 6, of the ASME Code.

6.4.2 Liquid penetrant examination shall be performed in
accordance with a written procedure that is certified by the
manufacturer to be in compliance with the applicable require-
ments of SectionV of the ASME Code.

6.4.3 Themanufacturer shall determine and certify that each
liquid penetrant examiner meets the following requirements:

a. Has vision (with correction, if necessary) to enable him
to read a Jaeger Type 2 standard chart at a distance of not
less than 300 mm (12 in.) and is capable of distinguishing
and differentiating contrast between the colors used. Exam-
iners shall be checked annually to ensure that they meet
these reguirements.

b. Is competent in the technique of the liquid penetrant
examination method for which heis certified, including mak-
ing the examination and interpreting and evaluating the
results; however, where the examination method consists of
more than one operation, the examiner may be certified as
being qualified for one or more of the operations.

6.4.4 Acceptance standards and the removal and repair of
defects shall be in accordance with Section V111, Appendix 8,
Paragraphs 8-3, 8-4, and 8-5, of the ASME Code.

6.5 VISUAL EXAMINATION

6.5.1 A weld shall be acceptable by visua inspection if the
inspection shows the following:

a There are no crater cracks, other surface cracks or arc
strikesin or adjacent to the welded joints.

b. Undercutting does not exceed the limits given in 5.2.1.4
for vertica and horizontal butt joints. For welds that attach
nozzles, manholes, cleanout openings, and permanent attach-
ments, undercutting shall not exceed 0.4 mm (Ygy in.).

c. The frequency of surface porosity in the weld does not
exceed one cluster (one or more pores) in any 100 mm (4
in.) of length, and the diameter of each cluster does not
exceed 2.5 mm (3/3,in.).

6.5.2 A weld that fails to meet the criteria given in 6.5.1
shall be reworked before hydrostatic testing as follows:

a. Any defects shall be removed by mechanica means or
thermal gouging processes. Arc strikes discovered in or adja-
cent to welded joints shall be repaired by grinding and
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~ rewelding as required. Arc strikes repaired by welding shall
- be ground flush with the plate.
b. Rewelding isrequired if the resulting thicknessis |ess than
- the minimum required for design or hydrostatic test condi-
* tions. All defects in areas thicker than the minimum shall be
- feathered to at least a4:1 taper.

‘¢ The repair weld shall be visually examined for defects.

6.6 VACUUMTESTING

6.6.1 Vacuum testing is performed using a testing box
approximately 150 mm (6 in.) wide by 750 mm (30 in.) long
with aclear window in the top, which provides proper visibil-
ity to view the area under inspection. During testing, illumi-
nation shall be adequate for proper evauation and
interpretation of the test. The open bottom shall be seded
against the tank surface by a suitable gasket. Connections,
valves, lighting and gauges, shall be provided asrequired. A
soap film solution or commercia leak detection solution,
applicable to the conditions, shall be used.

6.6.2 Vacuum testing shall be performed in accordance
with awritten procedure prepared by the manufacturer of the
tank. The procedure shall require:

a Performing a visua examination of the bottom and welds
prior to performing the vacuum box test;

b. Verifying the condition of the vacuum box and its gasket
sedls,

c¢. Verifying that there is no quick bubble or spitting response
to large leaks; and

d. Applying the film solution to adry area, such that the area
is thoroughly wetted and a minimum generation of applica-
tion bubbles occurs.

6.6.3 A partial vacuum of 21 kPa (3 Ibf/in.2/6 in. Hg) to 35
kPa (5 1bf/in.2/10 in Hg) gauge shall be used for the test. If
specified by the purchaser, a second partial vacuum test of 56
kPa (8 Ibf/in.2/16 in. Hg) to 70 kPa (10 Ibf/in.2/20 in. Hg)
shall be performed for the detection of very small leaks.

6.6.4 The manufacturer shall determine that each vacuum
box operator meets the following requirements:

a. Has vison (with correction, if necessary) to be able to
read a Jaeger Type 2 standard chart at a distance of not less
than 300 mm (12 in.). Operators shall be checked annually to
ensure that they meet this requirement; and

b. Is competent in the technique of the vacuum box testing,
including performing the examination and interpreting and
evaluating the results; however, where the examination
method consists of more than one operation, the operator per-
forming only a portion of the test need only be qualified for
that portion the operator performs.
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Reproduced by IHS under license with API

6.6.5 Thevacuum box test shal have at least 50 mm (2in.)
overlap of previoudly viewed surface on each application.

6.6.6 The metal surface temperature limits shal be
between 4°C (40°F) and 52°C (125°F), unless the film solu-
tion is proven to work at temperatures outside these limits,
either by testing or manufacturer’s recommendations.

6.6.7 A minimum light intensity of 1000 Lux (100 fc) at
the point of examination is required during the application of
the examination and evaluation for leaks.

6.6.8 The vacuum shall be maintained for the greater of
either at least 5 seconds or the time required to view the area
under test.

6.6.9 The presence of a through-thickness leak indicated
by continuous formation or growth of a bubble(s) or foam,
produced by air passing through the thickness, is unaccept-
able. The presence of a large opening leak, indicated by a
quick bursting bubble or spitting response at the initial setting
of the vacuum box is unacceptable. Leaks shal be repaired
and retested.

6.6.10 A record or report of the test including a statement
addressing temperature and light intensity shall be completed
and furnished to the customer upon request.

6.6.11 As an alternate to vacuum box testing, a suitable
tracer gas and compatible detector can be used to test the
integrity of welded bottom joints for their entire length.
Where tracer gas testing is employed as an aternate to vac-
uum box testing, it shall meet the following requirements:

a Tracer gastesting shall be performed in accordance with a
written procedure which has been reviewed and approved by
the purchaser and which shall address as a minimum: the type
of equipment used, surface cleanliness, type of tracer gas, test
pressure, soil permeability, soil moisture content, satisfactory
verification of the extent of tracer gas permeation, and the
method or technique to be used including scanning rate and
probe standoff distance.

b. The technique shall be capable of detecting leakage of 1 x
104 Pam3/s (1 x 103 std cm3/s) or smaller

C. The test system parameters (detector, gas, and system
pressure, i.e. level of pressure under bottom) shall be cdli-
brated by placing the appropriate cdibrated capillary leak,
which will leak at arate consistent with (b) above, in atem-
porary or permanent fitting in the tank bottom away from the
tracer gas pressurizing point. Alternatively, by agreement
between purchaser and manufacturer, the calibrated leak may
be placed in a separate fitting pressurized in accordance with
the system parameters.

d. Whiletesting for leaksin the welded bottom joints, system

parameters shall be unchanged from those used during
calibration.
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SECTION 7—WELDING PROCEDURE AND WELDER QUALIFICATIONS

7.1 DEFINITIONS

In this standard, terms relating to welding shall be inter-
preted as defined in Section IX of the ASME Code. Addi-
tional terms are defined in 7.1.1 and 7.1.2.

7.1.1 Ananglejoint is ajoint between two members that
intersect at an angle between 0 degrees (a butt joint) and 90
degrees (a corner joint).

7.1.2 Porosity refersto gas pockets or voidsin metal.

7.2 QUALIFICATION OF WELDING PROCEDURES
7.2.1 General Requirements

7.2.1.1 Theerection manufacturer and the fabrication man-
ufacturer, if other than the erection manufacturer, shall pre-
pare welding procedure specifications and shall perform tests
documented by procedure qualification records to support the
specifications, as required by Section IX of the ASME Code
and any additional provisions of this standard. If the manufac-
turer is part of an organization that has, to the purchaser’s sat-
isfaction, established effective operational control of the
qualification of welding procedures and of welder perfor-
mance for two or more companies of different names, then
separate welding procedure qualifications are not required,
provided al other requirements of 7.2, 7.3, and Section I X of
the ASME Code are met.

7.2.1.2 The welding procedures used shall produce weld-
ments with the mechanical properties required by the design.

7.2.1.3 Material specifications listed in Section 2 of this
standard but not included in Table QW-422 of Section IX of
the ASME Code shall be considered as P1 materia with
group numbers assigned as follows according to the mini-
mum tensile strength specified:

a Lessthan or equd to 485 MPa (70 ks)—Group 1.

b. Greater than 485 MPa (70 ksi) but less than or equa to
550 MPa (80 ksi)—Group 2.

c. Greater than 550 MPa (80 ksi))—Group 3.

Separate welding procedures and performance qualifica
tions shall be conducted for A 841M/A 841 material.

7.2.1.4 Welding variables (including supplementary essen-
tial variables when impact tests are required by 7.2.2), as
defined by QW-250 of Section I1X of the ASME Code, shall
be used to determine the welding procedure specifications
and the procedure qudification records to be ingtituted. In
addition, when impact tests of the heat-affected zone are
required, the heat-treated condition of the base material shall
be a supplementary essential variable. If a protective coating
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has been applied to weld edge preparations, the coating shall
be included as an essentia variable of the welding procedure
specification, asrequired by 5.2.1.9.

7.2.2

7.2.2.1 Impact tests for the qualification of welding proce-
dures shall comply with the applicable provisions of 2.2.8
and shall be made at or below the design metal temperature.

Impact Tests

7.2.2.2 When impact testing of a materia is required by
2.2.8, 2.2.9, or 2.5.5, impact tests of the heat-affected zone
shall be made for al automatic and semiautomatic welding
procedures.

7.2.2.3 For dl materias to be used at a design metal tem-
perature below 10°C (50°F), the qualification of the welding
procedure for vertical joints shall include impact tests of the
weld metal. If vertical joints are to be made by an automatic
or semiautomatic process, impact tests of the heat-affected
zone shall aso be made.

7.2.2.4 When the design metal temperature is below —7°C
(20°F), impact tests of the weld metal shall be made for all
procedures used for welding the components listed in 2.2.9.1,
for welding attachments to these components, and for fabri-
cating shell nozzles and manholes from pipe and forgings
listedin 2.5.

7.2.2.5 Impact tests shall show minimum values for accep-
tance in accordance with 2.2.8.3 and the following:

a For P1, Group 1, materials—20 J (15 ft-1bf), average of
three specimens.
b. For P1, Group 2, materials—27 J (20 ft-1bf), average of
three specimens.
c. For P1, Group 3, materials—34 J (25 ft-lbf), average of
three specimens.

For shell plates thicker than 40 mm (11/5 in.), these values
shall be increased by 7 J (5 ft-Ibf) for each 12.5 mm (Y5 in.)
over 40 mm (1, in.). Interpolation is permitted.

7.2.2.6 Weld-metal impact specimens shall be taken across
the weld with one face substantially parallel to and within 1.5
mm (Y46 in.) of the surface of the material. The notch shall be
cut normal to the original material surface and with the weld
metal entirely within the fracture zone.

7.2.2.7 Heat-affected-zone impact specimens shall be
taken across the weld and as near the surface of the material
asis practicable. Each specimen shall be etched to locate the
heat-affected zone, and the notch shall be cut approximately
normal to the origina material surface and with as much
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heat-affected-zone materia as possible included in the frac-
ture zone.

7.2.2.8 Production welding shall conform to the qualified
welding procedure, but production-weld test plates need not
be made.

7.3 QUALIFICATION OF WELDERS

7.3.1 The erection manufacturer and the fabrication manu-
facturer, if other than the erection manufacturer, shall conduct
tests for al welders assigned to manua and semiautomatic
welding and all operators assigned to automatic welding to
demonstrate the welders and operators ability to make
acceptable welds. Tests conducted by one manufacturer shall
not quaify a welder or welding operator to do work for
another manufacturer.

7.3.2 The welders and welding operators who weld pres-
sure parts and join nonpressure parts, such as al permanent
and temporary clips and lugs, to pressure parts shal be quali-
fied in accordance with Section IX of the ASME Code.

Copyright American Petroleum Institute
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7.3.3 The records of the tests for qualifying welders and
welding operators shall include the following:

a Each welder or welding operator shall be assigned an
identifying number, letter, or symbol by the fabrication or
erection manufacturer.

b. The fabrication or erection manufacturer shall maintain a
record of the welders or welding operators employed that
shows the date and results of the tests for each welder or oper-
ator and the identifying mark assigned to each welder or
operator. This record shall be certified by the fabrication or
erection manufacturer and shall be accessible to the inspector.

7.4 IDENTIFICATION OF WELDED JOINTS

The welder or welding operator’s identification mark
shall be hand- or machine-stamped adjacent to and at inter-
vals not exceeding 1 m (3 ft) along the completed welds. In
lieu of stamping, a record may be kept that identifies the
welder or welding operator employed for each welded joint;
these records shall be accessible to the inspector. Roof plate
welds and flange-to-nozzle-neck welds do not require
welder identification.
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SECTION 8—MARKING

8.1 NAMEPLATES
8.1.1 A tank made in accordance with this standard shall

j- The design metal temperature as described in 2.2.9.3 in
degrees Centigrade (Fahrenheit), unless other units are speci-

DESIGN SPECIFIC GRAVITY
DESIGN PRESSURE
MANUFACTURER’S SERIAL NO.

[ ]
1
1
MAXIMUM CAPACITY :l
1
1
1

DESIGN METAL TEMP. |:|
MAXIMUM OPERATING TEMP. |:|
PARTIAL STRESS RELIEF I:l
PURCHASER'S TANK NO. I:l

FABRICATED BY

ERECTED BY

SHELL COURSE

MATERIAL

N

e Note: At the purchaser’s request or at the erection manufacturer’s discretion,
additional pertinent information may be shown on the nameplate, and the size

of the nameplate may be increased proportionately.

Figure 8-1—Manufacturer's Nameplate

8-1

. 00
be identified by a nameplate similar to that shown in Figure fied by the purchaser. _ ) _

[ 81 The nameplate shall indicate, by means of letters and ¢ K- The maximum operating temperature, in degrees Celsius
numerals not less than 4 mm (%/35 in.) high, the following (Fahrenheit) (unless other units are specified by the pur-
information: chaser), which shall not exceed 90°C (200°F) except in cases

where Appendix M applies.
a AP Standard 650. |. The name of the fabrication manufacturer if other than the
b. The applicable appendix to APl Standard 650. o : . oo
erection manufacturer. The manufacturer's serial number or
c. Theyear the tank was completed. tract ber shall bef the erecii foct
00| d. The date of the edition and the addendum number of APl COMHract UMt ! betrom the erection manuracturer.
Standard 650. m. The material specification number for each shell course. 00

e & The nominal diameter and nominal height, in meters (feet n. When stress relief is applied to a part in accordance with
and inches) (unless other units are specified by the the requirements of 3.7.4, the letters “SR.”
purchaser). e 0. The purchaser’s tank number. Joo

00 | f. The maximum capacity (see 3.2.5.2), in mS3 (42-gallon
barrels) (unless other units are specified by the purchaser). 8.1.2 The nameplate shal be attached to the tank shell
00 |¢ 9. The design liquid level (see 3.6.3.2), in meters (feet and adjacent to a manhole or to a manhole reinforcing plate
inches) (unless other units are specified by the purchaser). immediately above a manhole. A nameplate that is placed
h. The design specific gravity of the liquid. directly on the shell plate or reinforcing plate shall be
i. Thedesign pressure, which shall be shown as atmospheric attached by continuous welding or brazing al around the
unless Appendix F applies. nameplate. A nameplate that is riveted or otherwise perma-
API STANDARD 650
APPENDIX YEAR COMPLETED L]
EDITION ADDENDUM NO. L]
NOMINAL DIAMETER NOMINAL HEIGHT L]
DESIGN LIQUID LEVEL L1 00
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8-2 APl STANDARD 650

To

MANUFACTURER’S CERTIFICATION FOR
ATANK BUILT TO API STANDARD 650

(name and address of purchaser)

We hereby certify that the tank constructed for you at

(location)

and described as follows:

(serid or contract number, diameter, height, capacity, floating or fixed roof)

meets al applicable requirements of API Standard 650, Edition, Revision, Appendix

, dated , including the requirements for design, materials, fabrication, and erection.

Thetank isfurther described on the attached as-built data sheet dated

Manufacturer

Authorized Representative

Date

Figure 8-2—Manufacturer’s Certification Letter

nently attached to an auxiliary plate of ferrous material shall
be attached to the tank shell plate or reinforcing plate by con-
tinuous welding. The nameplate shall be of corrosion-resis-
tant metal.

8.1.3 When a tank is fabricated and erected by a single
organization, that organization's name shall appear on the
nameplate as both fabricator and erector.

8.1.4 When atank is fabricated by one organization and
erected by another, the names of both organizations shall
appear on the nameplate, or separate nameplates shall be
applied by each.

8.2 DIVISION OF RESPONSIBILITY

Unless otherwise agreed upon, when atank isfabricated by
one manufacturer and erected by another, the erection manu-

Copyright American Petroleum Institute
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facturer shall be considered as having the primary responsi-
bility. The erection manufacturer shall make certain that the
materials used in the fabrication of the components and in the
construction of the tank are in accordance with al applicable
reguirements.

8.3 CERTIFICATION

The manufacturer shall certify to the purchaser, by a letter
such as that shown in Figure 8-2, that the tank has been con-
structed in accordance with the applicable requirements of
this standard. An as-built data sheet in accordance with
Appendix L shall be attached to the certification letter.

Note: At the purchaser’s request or at the erection manufacturer’'s
discretion, additiona pertinent information may be shown on the
nameplate, and the size of the nameplate may be increased propor-
tionately.
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APPENDIX A—OPTIONAL DESIGN BASIS FOR SMALL TANKS

A.1 Scope

e A.1.1 Thisappendix provides requirements for field-erected

tanks of relatively small capacity in which the stressed compo-
nents have a maximum nominal thickness of 12.5 mm (¥, in.),
including any corrosion alowance specified by the purchaser.
The stressed components include the shell and reinforcing
plates, bottom and shell reinforcing plates for flush-type
cleanout fittings and flush-type connections, and bottom plates
that are welded to the shell, but the stressed components do not
include other bottom plates, covers, and nozzle and manhole
necks and their flanges.

e A.1.2 Thisappendix isapplicable only when specified by the

purchaser and is limited to design metal temperatures above —
30°C (—20°F) [above —40°C (-40°F) when killed, fine-grain
materia isused].

A.1.3 This appendix is applicable to any of the Section 2
materias, although the single allowable stress does not provide
any advantage to higher strength steels.

A.1.4 This appendix states only the requirements that differ
from the basic rules in this standard. When differing require-
ments are not stated, the basic rules must be followed; how-
ever, the overturning effect of a wind load should be
considered.

A.1.5 Typica sizes, capecities, and shell-plate thicknesses
are listed in Tables A-1 through A-4 for adesign in accordance
with A4 (joint efficiency = 0.85; specific gravity = 1.0; and
corrosion alowance = 0).

A.2 Materials

A.2.1 Shell-plate materias shall not be more than 12.5 mm
(X, in.) thick, as stated inA.1.1.

A.2.2 For stressed components, the Group-I and Group-I|
materials listed ir Teble 2-3jmay be used above a design metal
temperature of —30°C (—20°F) but need not conform to the
toughness requirements of 2.2.9, and 7.2.2. Group-
[11 and Group-I11A materials may be used above adesign metal
temperature of —40°C (—40°F) and shall conform to impact
requirements of 7.2.2.

A.2.3 Materia used for shell nozzle and manhole necks and

flanges shall conform to 2.5, 2.6, and|Table 2-3|but need not

conform to the toughness requirements of 2.2.9, 2.5.5, and
[ure2-1]

A.3 Design

A.3.1 The maximum tensile stress before the joint efficiency
factor is applied shall be 145 MPa (21,000 Ibf/in.2).

Copyright American Petroleum Institute
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A-1

A.3.2 Stresses shal be computed on the assumption that the
tank isfilled with water (specific gravity = 1.0) or with the lig-
uid to be stored if it is heavier than water.

A.3.3 The tension in each ring shal be computed 300 mm
(12 in.) above the centerline of the lower horizontal joint of the
course in question. When these stresses are computed, the tank
diameter shall be taken as the nominal diameter of the bottom
course.

A.3.4 Thejoint efficiency factor shall be 0.85 with the spot
radiography required by A.5.3. By agreement between the pur-
chaser and the manufacturer, the spot radiography may be
omitted, and ajoint efficiency factor of 0.70 shall be used.

A.4 Thickness of Shell Plates

A.4.1 Theminimum thicknesses of shell plates shal be com-
puted from the stress on the vertical joints, using the following
formula

In Sl units:;
;= 4.9D§H—0.32G+CA
(E)(145)
where

t = minimum thickness, in mm (see 3.6.1.1),

D = nomind diameter of thetank, inm (see 3.6.1.1, Note 1),

H = designliquid level, inm (see 3.6.3.2),

G = specific gravity of theliquid to be stored, as specified by
the purchaser. The specific gravity shal not be lessthan
1.0,

E = joint efficiency, which iseither 0.85 or 0.70 (see A.3.4),

CA = corrosion alowance, in mm, as specified by the pur-

chaser (see 3.3.2).

In US Customary units:

2 26D(H-1)G , -,
(E)(21,000)

where

t = minimum thickness (in.) (see 3.6.1.1),

D = nomind diameter of the tank (ft) (see 3.6.1.1, Note 1),

H = design liquid level (ft) (see 3.6.3.2),

G = specific gravity of theliquid to be stored, as specified by
the purchaser. The specific gravity shall not be less than
1.0,

E = joint efficiency, which iseither 0.85 or 0.70 (see A.3.4),

CA = corrosion alowance (in.), as specified by the purchaser

(see3.3.2).
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A-2 APl STANDARD 650

Table A-la—Typical Sizes and Corresponding Nominal Capacities (m3)
for Tanks with 1800 mm Courses

Column1l Column2 Column3 Column4  Column5 Column6 Column?7 Column8 Column9 Columnl10 Column11l

Capecity
Tank per m of Tank Height (m) / Number of Coursesin Completed Tank
Diameter  Hei ght
m m 36/2 54/3 7214 9/5 10.8/6 126/7 144/8 16.2/9 18/10
3 7.07 25 38 51 64 76 — — — —
45 159 57 86 115 143 172 — — — —
6 28.3 102 153 204 254 305 356 407 — —
75 442 159 239 318 398 477 557 636 716 795
9 63.6 229 344 458 573 687 802 916 1,031 1,145
105 86.6 312 468 623 779 935 1,091 1,247 1,403 1,559
12 113 407 611 814 1,018 1,221 1,425 1,629 1,832 2,036
135 143 515 773 1,031 1,288 1,546 1,804 2,061 2,319 2,576
15 177 636 954 1,272 1,590 1,909 2,227 2,545 2,863 3,181
18 254 916 1,374 1,832 2,290 2,748 3,206 3,664 4,122 4,580
D=18
21 346 1,247 1,870 2,494 3,117 3,741 4,364 4,988 5,089 —
24 452 1,629 2,443 3,257 4,072 4,886 5,700 5474 D=20 —
27 573 2,061 3,092 4,122 5,153 6,184 6,690 D=22 — —
30 707 2,545 3,817 5,089 6,362 7,634 D=26 — — —
36 1,018 3,664 5,497 7,329 9,161 D=30 — — — —
: D =36
42 1,385 4,988 7,481 9,975 — — — — — —
48 1,810 6,514 9,772 11,966 — — — — — —
54 2,290 8,245 12,367 D =46 — — — — — —
60 2,827 10,179 15,268 — — — — — — —
66 3421 12,316 16,303 — — — — — — —
D=62
Mmi nal capacities given in this table were cal culated using The capacities and diametersin italics (Columns 4-11) are the
the following formula: maximums for the tank heights given in the column heads, based
. on amaximum permissible shell-plate thickness of 12.5 mm, a
In Sl units. maximum allowable design stress of 145 MPa, ajoint efficiency
C=0.785D2H of 0.85, and no corrosion allowance (see A .4.1).
where

C = capacity of tank, in md,
D = diameter of tank, inm (seeA.4.1),
H = height of tank, inm (seeA.4.1).
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WELDED STEEL TANKS FOR OIL STORAGE A-3

Table A-1b—Typical Sizes and Corresponding Nominal Capacities (barrels)
for Tanks with 72-in. Courses

Column1 Column2 Column3 Column4  Column5 Column6 Column7 Column8 Column9 Column10 Column 1l

Capacity
Tank per ft of Tank Height (ft) / Number of Coursesin Completed Tank
Diameter Height

ft barrels 12/2 18/3 2414 30/5 36/6 217 48/8 54/9 60/ 10

10 14.0 170 250 335 420 505 — — — —

15 315 380 565 755 945 1,130 — — — —

20 56.0 670 1,010 1,340 1,680 2,010 2,350 2,690 — —

25 874 1,050 1,570 2,100 2,620 3,150 3,670 4,200 4,720 5,250

30 126 1,510 2,270 3,020 3,780 4,530 5,290 6,040 6,800 7,550

35 171 2,060 3,080 4,110 5,140 6,170 7,200 8,230 9,250 10,280

40 224 2,690 4,030 5,370 6,710 8,060 9,400 10,740 12,100 13,430

45 283 3,400 5,100 6,800 8,500 10,200 11,900 13,600 15,300 17,000

50 350 4,200 6,300 8,400 10,500 12,600 14,700 16,800 18,900 21,000

60 504 6,040 9,060 12,100 15,110 18,130 21,150 24,190 37,220 28,260

D =58

70 685 8,230 12,340 16,450 20,580 24,700 28,800 32,930 30,970 —

80 895 10,740 16,120 21,500 26,880 32,260 37,600 35,810 D=64 —

90 1,133 13,600 20,400 27,220 34,030 40,820 40,510 D=73 — —
100 1,399 16,800 25,200 33,600 42,000 48,400 D=283 — — —
120 2,014 24,190 36,290 48,380 58,480 D=98 — — — —

D=118

140 2,742 32,930 49,350 65,860 — — — — — —

160 3,581 43,000 64,510 74,600 — — — — — —

180 4,532 54,430 81,650 D =149 — — — — — —

200 5,595 67,200 100,800 — — — — — — —

220 6,770 81,310 102,830 — — — — — — —

D =202
Wmi nal capacities given in this table were cal culated using The capacities and diametersin italics (Columns 4-11) are the
the following formula: maximums for the tank heights given in the column heads, based
- on amaximum permissible shell-plate thickness of 1/, in., a max-
In US Customary units: imum allowable design stress of 21,000 psi, ajoint efficiency of
C=0.14D?H, 0.85, and no corrosion alowance (seeA.4.1).

where
C = capacity of tank, in 42-ga barrels,
D = diameter of tank, inft (seeA.4.1),
H = height of tank, inft (seeA.4.1).
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A-4 APl STANDARD 650

Table A-2a—Shell-Plate Thicknesses (mm) for Typical Sizes of Tanks with 1800 mm Courses

Column1 Column2 Column3 Column4 Column5 Column6 Column7 Column8 Column9 Column10 Column 11l Column 12

Maximum

Tank Tank Height (m) / Number of Courses in Completed Tank ﬁg%ﬁ??cl)?

Diameter Diameterd
m 18/1 36/2 54/3 7214 9/5 108/6 126/7 144/8 16.2/9 18/10 m

3 50 50 50 50 5.0 50 — — — — —

45 50 50 50 5.0 5.0 5.0 — — — — —

6 50 50 50 50 5.0 50 5.0 5.0 — — —

75 50 50 50 5.0 50 50 5.0 5.0 5.0 53 —

9 50 50 50 50 5.0 5.0 5.0 5.0 57 6.3 —
10.5 50 50 50 5.0 5.0 50 51 59 6.6 74 —
12 50 50 50 50 50 50 59 6.7 7.6 84 —
135 50 50 50 5.0 50 5.6 6.6 7.6 85 95 —
15 6.0 6.0 6.0 6.0 6.0 6.3 7.3 84 9.5 10.6 —
18 6.0 6.0 6.0 6.0 6.2 75 88 10.1 114 — 17.8
21 6.0 6.0 6.0 6.0 7.3 8.8 10.3 11.8 — — 153
24 6.0 6.0 6.0 6.6 8.3 10.0 11.7 — — — 134
27 6.0 6.0 6.0 74 9.3 113 — — — — 11.9
30 6.0 6.0 6.0 8.2 104 12.5 — — — — 10.8
36 8.0 8.0 8.0 9.9 125 — — — — — 9.0
42 8.0 8.0 85 11.5 — — — — — — 7.8
48 80 80 9.7 — — — — — — — 6.9
54 8.0 8.0 10.9 — — — — — — — 6.1
60 8.0 8.0 12.2 — — — — — — — 55
66 10.0 10.0 — — — — — — — — 51

@Based on a maximum permissible shell-plate thickness of 12.5 mm, a maximum allowable design stress of 145 MPa,
ajoint efficiency of 0.85, and no corrosion allowance.

Note: The plate thicknesses shown in this table are based on a maximum allowable design stress of 145 MPa, ajoint efficiency
of 0.85, and no corrosion alowance (seeA.4.1).
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WELDED STEEL TANKS FOR OIL STORAGE A-5

Table A-2b—Shell-Plate Thicknesses (in.) for Typical Sizes of Tanks with 72-in. Courses

:; Columnl Column2 Column3 Column4 Column5 Column6 Column?7 Column8 Column9 Column10 Columni1l Column 12

Maximum
Tank Tank Height (ft) / Number of Coursesin Completed Tank ﬁgcaﬁ?f)cl)?
Diameter Diameter?d
ft 6/1 12/2 18/3 24/ 4 30/5 36/6 217 48/8 54/9 60/ 10 ft
10 %16 316 %16 316 %16 316 — — — — —
15 %16 %16 %16 %16 %16 %16 — — — — —
20 %16 316 %16 316 %16 316 %16 316 — — —
25 316 316 316 316 316 316 316 316 0.20 0.22 —
30 316 316 316 316 316 316 316 0.21 0.24 0.26 —
35 36 316 316 316 3.6 316 0.21 0.24 0.27 0.30 —
40 316 316 316 316 316 0.21 0.24 0.28 0.31 0.35 —
45 36 316 316 316 316 0.23 0.27 031 035 0.38 —
50 1, 1, 1, 1, 1, 0.26 0.30 0.35 0.39 0.43 —
60 1, 1, 1, 1, 0.26 031 0.36 0.41 0.47 — 58.2
70 1, 1, 1, 1, 0.30 0.36 0.42 0.48 — — 50.0
80 1, 1, 1, 0.27 0.34 041 0.48 — — — 439
9 1, 1, 1, 0.31 0.38 0.46 — — — — 39.1
100 1, 1, 1, 0.34 043 — — — — — 353
120 516 516 516 0.41 — — — — — — 29.6
140 516 516 0.35 0.47 — — — — — — 255
160 516 %16 0.40 — — — — — — — 25
180 516 516 0.45 — — — — — — — 20.1
200 516 0.32 050 — — — — — — — 182
220 3y 3y — — — — — — — — 16.6

aBased on amaximum permissible shell-plate thickness of /5 in., amaximum allowable design stress of 21,000 psi,
ajoint efficiency of 0.85, and no corrosion alowance.

Note: The plate thicknesses shown in this table are based on a maximum allowable design stress of 21,000 psi, ajoint efficiency
of 0.85, and no corrosion allowance (seeA.4.1).
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A-6 APl STANDARD 650

Table A-3a—Typical Sizes and Corresponding Nominal Capacities (m3)
for Tanks with 2400 mm Courses

Column 1 Column2 Column 3 Column 4 Column’5 Column 6 Column7 Column 8 Column9

Tank Capacity per Tank Height (m) / Number of Coursesin Completed Tank
Diameter m of Height
fm m3 48/2 7213 96/4 12/5 144/6 168/7 19.2/8
3 7.07 34 51 68 — — — —
4.5 15.9 76 115 153 191 — — —
6 28.3 136 204 272 339 407 — —
7.5 44.2 212 318 424 530 636 742 848
9 63.6 305 458 610 763 916 1,069 1,221
105 86.6 416 623 831 1,039 1,247 1,455 1,663
12 113 543 814 1085 1,357 1,629 1,900 2,171
135 143 687 1,031 1373 1,718 2,061 2,405 2,748
15 177 848 1,272 1696 2,121 2,545 2,969 3,393
18 254 1,221 1,832 2442 3,054 3,664 4,275 4,358
D=17
21 346 1,663 2,494 3323 4,156 4,988 4,763 —
24 452 2,171 3,257 4341 5,429 5474 D=19 —
27 573 2,748 4,122 5494 6,871 D=22 — —
30 707 3,393 5,089 6782 D=27 — — —
36 1,018 4,886 7,329 8712 — — — —
D=34
42 1,385 6,650 9,975 — — — — —
43 1,810 8,686 11,966 — — — — —
54 2,290 10,993 D =46 — — — — —
60 2,827 13,572 — — — — — —
66 3421 16,422 — — — — — —
Note: The nominal capacities iven in this table were calcu- The capacities and diametersin italics (Columns 4-9) are the
|ated using the following formula: maximums for the tank heights given in the column heads, based
. on amaximum permissible shell-plate thickness of 12.5 mm, a
In SI units: maximum allowable design stress of 145 MPa, ajoint efficiency
C=0.785D2H of 0.85, and no corrosion alowance (seeA.4.1).
where

C = capacity of tank, in ms,
D = diameter of tank, inm (seeA.4.1),
H = height of tank, in m (seeA.4.1).
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WELDED STEEL TANKS FOR OIL STORAGE A-7

Table A-3b—Typical Sizes and Corresponding Nominal Capacities (barrels)
for Tanks With 96-in. Courses

Column1l  Column2 Column 3 Column 4 Column 5 Column 6 Column7 Column 8 Column 9
Tank Capacity per Tank Height (ft) / Number of Coursesin Completed Tank
Diameter  ft of Height
ft barrels 16/2 2413 32/4 40/5 48/6 56/7 64/8
10 14.0 225 335 450 — — — —
15 315 505 755 1,010 1,260 — — —
20 56.0 900 1,340 1,790 2,240 2,690 — —
25 874 1,400 2,100 2,800 3,500 4,200 4,900 5,600
30 126 2,020 3,020 4,030 5,040 6,040 7,050 8,060
35 171 2,740 4,110 5,480 6,850 8,230 9,600 10,980
40 224 3,580 5,370 7,160 8,950 10,740 12,540 14,340
45 283 4,530 6,800 9,060 11,340 13,600 15,880 18,140
50 350 5,600 8,400 11,200 14,000 16,800 19,600 22,400
60 504 8,060 12,100 16,130 20,160 24,190 28,220 26,130
D=54
70 685 10,960 16,450 21,950 27,440 32,930 30,140 —
80 895 14,320 21,500 28,670 35,840 35,810 D=62 —
90 1,133 18,130 27,220 36,290 45,360 D=73 — —
100 1,399 22,380 33,600 44,800 D=88 — — —
120 2,014 32,250 48,380 54,200 — — — —
D =110
140 2,742 43,900 65,860 — — — — —
160 3,581 57,340 74,600 — — — — —
180 4,532 72,570 D =149 — — — — —
200 5,595 89,600 — — — — — —
220 6,770 108,410 — — — — — —
Note: The nominal capacities given in this table were calcu- The capacities and diameters in italics (Columns 4-9) are the
|ated using the following formula: maximums for the tank heights given in the column heads, based
. on amaximum permissible shell-plate thickness of 1/ in., amaxi-
In US Customary units: mum allowable design stress of 21,000 psi, ajoint efficiency of
C=0.14D?H, 0.85, and no corrosion alowance (seeA .4.1).
where

C = capacity of tank, in 42-gal barrels,
D = diameter of tank, in ft (seeA.4.1),
H = height of tank, in ft (seeA.4.1).
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A-8

APl STANDARD 650

Table A-4a—Shell-Plate Thicknesses (mm) for Typical Sizes of Tanks
with 2400 mm Courses

Columnl Column2  Column3  Column4  Column5  Column6  Column7  Column8  Column9  Column 10
Tank Height (m) / Number of Coursesin Completed Tank Maximum
Allowable
Tank Height Height for
Diameter Diameter®
m 24711 48/2 7213 96/4 12/5 14416 16.8/7 19.2/8 m

3 5.0 5.0 5.0 5.0 — — — — —

4.5 50 50 50 50 50 — — — —

6 50 50 50 50 50 50 — — —

75 50 50 50 50 50 50 50 50 —

9 50 50 50 50 50 50 50 50 —

105 50 50 50 50 50 50 51 59 —

12 5.0 50 5.0 50 50 50 5.9 6.7 —

135 50 50 50 50 50 56 6.6 7.6 —

15 6.0 6.0 6.0 6.0 6.0 6.3 7.3 84 —

18 6.0 6.0 6.0 6.0 6.2 75 8.8 10.1 17.8

21 6.0 6.0 6.0 6.0 7.3 8.8 10.3 11.8 15.3

24 6.0 6.0 6.0 6.6 8.3 10.0 11.7 — 134

27 6.0 6.0 6.0 74 9.3 11.3 — — 119

30 6.0 6.0 6.1 82 10.4 125 — — 10.8

36 8.0 8.0 8.0 9.9 125 — — — 9.0

42 8.0 8.0 8.5 115 — — — — 7.8

48 8.0 8.0 9.7 — — — — — 6.9

54 8.0 8.0 10.9 — — — — — 6.1

60 80 80 12.2 — — — — — 55

66 10.0 10.0 — — — — — — 51

dBased on a maximum permissible shell-plate thickness of 12.5 mm, a maximum allowable design stress of 145 MPa,
ajoint efficiency of 0.85, and no corrosion allowance.
Note: The plate thicknesses shown in this table are based on a maximum allowable design stress of 145 MPa, ajoint efficiency
of 0.85, and no corrosion alowance (seeA.4.1).
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WELDED STEEL TANKS FOR OIL STORAGE A-9

Table A-4b—Shell-Plate Thicknesses (in.) for Typical Sizes of Tanks
with 96-in. Courses

Column1l Column2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column9  Column 10

Tank Height (ft) / Number of Coursesin Completed Tank Maximum
Allowable
Tank Height Height for
Diameter Diameter®
ft 8/1 16/2 2413 32/4 40/5 48/6 56/7 64/8 ft
10 %16 %16 %16 %16 — — — — —
15 316 316 316 316 316 — — — —
20 %16 %16 %16 %16 316 %16 — — —
25 36 36 36 36 36 36 0.20 0.23 —
30 316 316 316 316 316 021 0.24 0.28 —
35 316 316 316 316 0.20 0.24 0.28 033 —
40 316 316 316 316 0.23 0.28 0.32 0.37 —
45 36 36 36 021 0.26 031 0.36 0.42 —
50 Y, Y, Y, 0.25 0.29 0.35 0.40 046 —
60 Y, Y, Y, 0.27 034 0.41 0.48 — 58.2
70 Y, Y, Y, 032 040 048 — — 50.0
80 1, 1, 0.27 0.37 0.46 — — — 43.9
90 Y, Y, 031 041 — — — — 39.1
100 Y, Y, 034 0.46 — — — — 353
120 516 T 041 — — — — — 296
140 516 5,16 0.47 — — — — — 255
160 516 035 — — — — — — 25
180 516 0.40 — — — — — — 20.1
200 516 0.44 — — — — — — 182
220 g 0.48 — — — — — — 16.6

aBased on amaximum permissible shell-plate thickness of 1/, in., amaximum allowable design stress of 21,000 ps,

ajoint efficiency of 0.85, and no corrosion alowance.

Note: The plate thicknesses shown in this table are based on a maximum allowable design stress of 21,000 psi, ajoint efficiency
of 0.85, and no corrosion allowance (seeA.4.1).
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A.4.2  Thenomina thickness of shell plates (including shell
extensions for floating roofs) shall not be less than that listed
in 3.6.1.1. The nominal thickness of shell plates refers to the
tank shell as constructed. The nomina thicknesses given in
3.6.1.1 are based on erection requirements.

A5 Tank Joints

A.5.1 Vertica and horizonta joints in the shell, bottom
joints, shell-to-bottom joints, wind-girder joints, and roof and
top-angle joints shall conform to 3.1.5.

A.5.2 The requirements of 3.7.3 for the spacing of welds
do not apply except for the requirement that the spacing
between the toes of welds around a connection shall not be
{ess than 21/, times the shell thickness at the connection.

A53 When radiographic inspection is required (joint effi-
ciency = 0.85), the spot radiographs of vertical joints shall

03] conformto 6.1.2.2, Item aonly, excluding the 10 mm (¥g-in.)

§she||-thickn&$ limitation in Item a and excluding the addi-
tional random spot radiograph required by Item a. The spot
radiographs of horizontal joints shall conform to 6.1.2.3.

e A6 Intermediate Wind Girders

Calculations for and installation of intermediate wind gird-
ersare not required unless specified by the purchaser.

A.7 Shell Manholes and Nozzles
A.7.1 Except for other designs and shapes permitted b
3.7.1.2, shell manholes shall conform to 3.7.5, Figures 3-4A
03] and 3-4B, anci Tables 3-3jthrough

A.7.2  Shell nozzles and flan onform to 3.7.6;
03] |Figures3-4B and 3-7;|and Tables 3-6 througH] 3-8]
A.7.3 The radiographic requirements of 3.7.3.4 do not
apply.

A.8 Flush-Type Cleanout Fittings

A.8.1 Thedetailsand dimensions of flush-type clean it-

tings shall to 3.7.7[ Figures 3-9langl 3-10 |and|Tabl
3-9jthrough 3-11

e A.8.2 Theprovisionsfor stressrelief specified in 3.7.4 and
3.7.7.3 are not required unless they are specified by the pur-
chaser or unless any plate in the unit has a thickness greater
than 16 mm (%/gin.).

A.9 Flush-Type Shell Connections
The details and dimensions of flush-type shell connections

03] shall conformto 3.7.8{ Figure 3-11, and Table 3-12.
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A.10 Flush-Type Bolted Door Sheets
A.lQ.;I]. Flush-type bolted door sheets shall conform to{Fig
ureA-1 and Table A-5.

A.10.2 Bolted door sheets shall be based on the specific
design requirementsin A.10.2.1 through A.10.2.7.

A.10.2.1 Theminimum net cross-sectional area of the door
plate, excluding the tapered ends, shall not be less than the
product of the shell-plate thickness and the vertical height of
the cutout in the shell plus twice the diameter of the bolt hole:

tp (hp —N1d) =ts (he + 2d)

tp = thickness of the door plate, in mm (in.),
hp = height of the door plate, mm (in.),

N1 = number of boltsin thefirst row of bolts next to
the shell cutout,

d = diameter of boltsand bolt holes, in mm (in.),
ts = thickness of the shell plate, in mm (in.),
he = height of the shell cutout, in mm (in.).

A.10.2.2 The shear stress in the cross-section of the bolts
shall not exceed 110 MPa (16,000 |bf/in.2).

A.10.2.3 The bearing stress on the bolts and bolt holes
shall not exceed 220 MPa (32,000 Ibf/in.2), and the fit of the
turned bolt in the reamed hole shall conform to the standards
of AISC.

A.10.2.4 The shear strength of the bolted door sheet con-
nection shall be at least 90% of the design tensile strength of
the undisturbed shell plate as illustrated in the equations
below. For shear |oading on aflush-type door sheet:

InSl units:
(N)(a)(110) = 1,(h, +2.5d +£)(145)(0.9)
For shear loading on a raised-type door sheet:
(N)(a)(110) = 1,(h, +4d)(145)(0.9)

where

N = number of bolts required in each end section of
door plate,

a = cross-sectiona area of the bolts, in mm?2,

f = distance from the bottom of the shell cutout to the
centerline of the bottom row of bolts, in mm.
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— | |
baget;FE PP ol ! 150 mm (6") radius 59 mm
1o 1B3mm )| - f ) © 4—| I‘(z ) min
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Nocchangle |  — [~ = | ! | i | || End gusset
d flush-weld - U usset
tinbottlfm V\Ilet X_ Bearing " Intermediate guss'et plates on 600 mm (24") i g
plate h E A
plate (approximate) centers and between boltholes
3600 144" dist SECTION AT
mm ( ) (arc distance) CENTERLINE
tS —»‘%4— <
~— Shell plate Locking
bars
Tack weld
AN\ - Tack-weld
~=— Locking bar to inside
Milled-body machine E surface +— Tank shell
' bolts with heavy @ @ of shell
T hexagon heads and
d I heavy hexagon nuts 50 mm (2..) @ @ 150 mm (6") min
L/ 6 mm (Ya")" \ Tank
™ Apply fillet of synthetic Note 1 | _{ bottom
rubber putty around bolthead NHR/ S| ™
Door sheet — before inserting bolt in hole o Na—"Web  B0o mm
. Gusset ———"
Brush bearing surfaces of door sheet E _(' B (12")
'/ and shell free of dirt and scale and 5mm (¥16")” ¢ AN 8 mim ()

apply one coat of synthetic rubber putty 1.5 mm N
(M16") thick to bolting surface of door sheet Bearing plate

Detail a Detail b SECTION A-A

Notes:

1. This weld shall be the same size as the size specified for the fillet weld attaching the shell to the tank bottom.

2. This weld should be the same size as the size specified for the fillet weld attaching the shell to the tank bottom.
After welding, the weld shall be ground smooth to clear the door plate.

Figure A-1—Flush-Type Bolted Door Sheet (Seg Table A-5
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Table A-5—Flush-Type Bolted Door Sheets (See Figure A-1

(All dimensionsin mm) (All dimensionsin inches)
Column 1 Column 2 Column 3 Column4  Column5 Column 1 Column 2 Column3 Column4  Column5
Shell
Thickness Shell Thickness
ts Q q h ] ts Q q h j
6 7 51 185.0 105.6 1, 7 135/ 7.375 4.165
8 8 51 161.9 95.7 516 8 115/, 6.453 3.766
10 8 51 161.9 95.7 3g 8 135/ 6.453 3.766
11 8 62 162.6 102.3 e 8 2%, 6.477 3.945
13 8 62 162.6 102.3 1, 8 2%, 6.477 3.945
Column 6 Column 7 Column 8 Column9  Column 10 Column 6 Column 7 Column8 Column9  Column 10
K k tp hp f K k tp hp f
36 71.2 11 1355 65 36 2.837 e 537/g 2y,
30 82.0 11 1355 65 30 3.275 g 537/g 2%,
30 88.8 11 1355 65 30 3533 e 537/g 21,
24 107.9 13 1364 65 24 4.297 1, 547/16 2y,
22 1234 14 1364 65 22 4.892 %6 547/16 2%,
Column 11 Column12 Column13  Column14 Column 15 Column 11 Column12 Column13 Column14 Column 15
Number of Bolts DiaBr?1|et1ter Number of Bolts DiaBrggter
Lp Row 1 Row 2 Tota d Lp Row 1 Row 2 Tota d
3336 0 7 156 20 131Y, — 7 156 3,
3336 0 0 146 20 131Y, — — 146 3,
3540 3 6 164 20 139Y, 3 6 164 3,
3648 0 2 138 22 1413/, — 2 138 g
3772 3 6 148 22 146%, 3 6 148 g
Column 16 Column17 Column18 Column19 Column 20 Column 16 Column17 Column18 Column19 Column 20
Bolt Length of Square Bolt Length of Square
Length Bolt Thread Locking Bar Angle Web Length Bolt Thread LockingBar  Angle Web
50 35 16 152x102x95 6x290 2 1Yg Slg 6x4x3g 1Yyx115g
50 35 16 152x102x95 6x290 2 1Y 5/g 6x4x3g  Y,x115g
50 35 16 152x102%95 6x290 2 1 5/g 6x4x3g 1Yyx1154g
55 35 20 152 x 102 x 12.7 10 x 285 21, 1Yg 3, 6x4x1, 3gx113g
65 40 20 152 x 102 x 12.7 10 x 285 2%, 1Y, 3, 6x4xYy 3gx113g
Column 21 Column22  Column 23 Column 21 Column22  Column 23
Intermediate End Bearing Intermediate End Bearing
Gusset Gusset Plate Gusset Gusset Plate
6x125%290 6x200%290 6x225 Y,x5x115%g 1,x8x115%g Yyx9
6x125x290 6x200%x290 6x225 Yyx5x115g Yux8x115g  Yyx9
6x125x290 6x200%x290 6x225 yx5x115%g 14x8x11%g Y4x9
10x 125x 285 10% 200 x 285 10 x 225 3gx5x11%g 3gx8x113g 3/gx9
10x 125x 285 10x 200 x 285 10 x 225 3gx5x11%g 3/gx8x113g 3gx9

Note: Washers shall be used on both sides of the plate for shell thicknesses of 16 mm (%/gin.) or less.
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Door —p
sheet

ll«—— Shell plate

Tank bottom

Angle

LA
Gusset —_p

300 mm (12")

/—

' <«— Sand cushion

METHOD A—TANK RESTING ON EARTH GRADE,
WITH OR WITHOUT RETAINING WALL

| «—— Shell plate

Tank bottom

=z ]

<«— Sand cushion

Concrete ringwall

Length of shell cutout + 1.5 m (5'0")

=

300 mm (12")

/ Cutout in ringwall

METHOD B—TANK RESTING ON CONCRETE RINGWALL

Note: Before the bottom plate is attached to the angle, (a) a sand cushion shall be placed flush
with the top of the angle, and (b) the earth fill and sand cushion shall be thoroughly compacted.

Figure A-2—Supports for Flush-Type Bolted Door Sheet

In US Customary units;
(N)(a)(16,000) = t,(h,+2.5d+£)(21,000)(0.90)
For shear |oading on a raised-type door shest:
(N)(a)(16,000) = ¢,(h, +4d)(21,000)(0.90)

where

N = number of bolts required in each end section of
door plate,

a = cross-sectiona areaof the bolts (in.2),

f = distance from the bottom of the shell cutout to the
centerline of the bottom row of bolts (in.).

A.10.2.5 The distance between centers of bolt holes shall
not be less than three times the bolt diameter, and the spacing
of bolt holes at the sealing edge of the plate shall not exceed
seven times the sum of the minimum door-sheet thickness
plus the nominal bolt diameter plus the washer thickness (if
washers are used).

A.10.2.6 The tensle stress in the net section of the door
plate at the first row of bolt holes next to the shell-plate cutout
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shall not exceed 145 MPa (21,000 Ibf/in.2), and at the subse-
quent rows, the tensile stress shal not exceed 145 MPa
(21,000 Ibf/in.2), after allowance is made for the total shear-
ing value or bearing vaue (whichever is less) of the bolts in
the preceding row or rows.

A.10.2.7 The following provisions apply to flush-type
bolted door sheets:

a. The girder shal be designed to withstand the bending
moment that would result if the ends of the girder were on
hard ground and the center was unsupported.

b. Theload onthegirder shal be equal to the weight of acol-
umn of water with the following dimensions: 1) 0.03 times
thetank radius, in m (ft); 2) the width of the shell cutout, in m
(ft), plus 0.6 m (2 ft); and 3) the tank height, in m (ft).

¢. The design length of the girder shall be equal to the width
of the shell cutout, in m (ft), plus 0.6 m (2 ft).

Note: When, because of wear, the difference in the diameters of the
bolts and bolt holesis approximately 0.5 mm (0.020in.), it is recom-
mended that the holes be rereamed and fitted with oversize milled-
body bolts; however, the holes shall not be reamed so much that the
efficiency of the bolted connection becomes less than 0.85. This

point is reached when the bolt-hole diam me 6 1,in)
larger than the bolt diameters specified in|Tables A-5 and A-6.
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A.10.3 When aflush-type bolted door sheet isinstalled on
atank that is resting on an earth grade with or without a con-
crete retaining wall and without a concrete or masonry wall
under the tank shell, provision shall be made to support the

fitting and retain the grade as shown i Method A.

A.10.4 When aflush-type bolted door sheet isinstalled on
a tank resting on a ringwall, a cutout with the dimensions

shown i Method B, shall be provided.

A.10.5 Openings larger than NPS 2 nomina pipe size in
flush-type bolted door sheets shall be reinforced in accor-
dance with 3.7.2, and the reinforcement shall replace the cut-
out area of the door plate.

A.11 Raised-Type Bolted Door Sheets

Rai sed-type bolted door sheets shall conform to

and Table A-6.

Table A-6—Raised-Type Bolted Door Sheets (Se€ Figure A-3

(All dimensionsin mm)

Columnl Column2 Column3 Column4 Column5 Column6

(All dimensionsin inches)

Columnl Column2 Column3 Column4 Column5 Column6

Shell Shell
Thickness ) Thickness ]
ts Q q h ] K ts Q q h J K
6 7 51 180 1034 36 1, 7 1354 7.179 4,080 36
8 7 51 180 1034 30 She 7 135/ 7.179 4,080 30
10 8 51 157.5 93.8 30 g 8 1354 6.281 3.601 30
11 8 62 159 100.8 24 e 8 2%, 6.328 3.883 24
13 8 62 159 100.8 22 1, 8 24, 6.328 3.883 22

Column?7 Column8 Column9 Column10 Column11l Column 12

Number of Bolts

k o hp Lp Row 1 Row 2
712 11 1320 3336 0 5
85.4 11 1320 3336 0 7
854 11 1320 3438 0 8
103 13 1332 3524 0 0
118 14 1332 3524 0 6

Column 13 Column 14 Column 15 Column 16 Column 17

Number
of Bolts Length Square
Bolt Bolt of Bolt Locking
Total ~ Diameterd  Length Thread Bar
152 20 50 29 16
144 20 50 27 16
164 20 50 25 16
136 22 55 30 20
144 22 65 32 20

Column7 Column8 Column9 Column10 Column 11 Column 12

Number of Bolts

k tp hp Lp Row 1 Row 2
2.837 e 521/, 131%Y/, — 5
3.404 e 521/, 131%Y/, — 7
3.404 e 521/, 1353/g — 8
4,109 Y, 53Y, 1374, — —
4.688 16 53Y/, 1413/, — 6

Column 13 Column 14 Column 15 Column 16 Column 17

Number
of Bolts Length Square
Bolt Bolt of Bolt Locking
Total  Diameterd  Length Thread Bar
152 3, 2 1Yg Slg
144 3, 2 1Y Slg
164 3, 2 1 Slg
136 Ig 2%, 1Yg 3y
144 g 215 1Y, 3,

Note: Washers shall be used on both sides of the plate for shell thicknesses of 16 mm (%/gin.) or less.
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Figure A-3—Raised-Type Bolted Door Sheet (See|Table A-6
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APPENDIX B—RECOMMENDATIONS FOR DESIGN AND CONSTRUCTION OF
FOUNDATIONS FOR ABOVEGROUND OIL STORAGE TANKS

B.1 Scope

B.1.1 Thisappendix provides important considerations for
the design and construction of foundations for aboveground
steel ail storage tanks with flat bottoms. Recommendations
are offered to outline good practice and to point out some pre-
cautions that should be considered in the design and construc-
tion of storage tank foundations.

B.1.2 Sincethereis awide variety of surface, subsurface,
and climatic conditions, it is not practical to establish design
data to cover al situations. The alowable soil loading and
the exact type of subsurface construction to be used must be
decided for each individual case after careful consideration.
The same rules and precautions shall be used in selecting
foundation sites as would be applicable in designing and
constructing foundations for other structures of comparable
magnitude.

B.2 Subsurface Investigation and
Construction

B.2.1 At any tank site, the subsurface conditions must be
known to estimate the soil bearing capacity and settlement
that will be experienced. This information is generally
obtained from soil borings, load tests, sampling, |aboratory
testing, and analysis by an experienced geotechnical engineer
familiar with the history of similar structures in the vicinity.
The subgrade must be capable of supporting the load of the
tank and its contents. The total settlement must not strain con-
necting piping or produce gauging inaccuracies, and the set-
tlement should not continue to a point a which the tank
bottom is below the surrounding ground surface. The esti-
mated settlement shall be within the acceptabl e tolerances for
thetank shell and bottom.

B.2.2  When actua experience with similar tanks and foun-
dations at a particular site is not available, the following
ranges for factors of safety should be considered for usein the
foundation design criteria for determining the allowable soil
bearing pressures. (The owner or geotechnical engineer
responsible for the project may use factors of safety outside
these ranges.)

a. From 2.0to 3.0 against ultimate bearing failure for normal
operating conditions.

b. From 1.5 to 2.25 against ultimate bearing failure during
hydrostatic testing.

¢. From 1.5 to 2.25 against ultimate bearing failure for oper-
ating conditions plus the maximum effect of wind or seismic
loads.

Copyright American Petroleum Institute
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B.2.3 Some of the many conditions that require specia
engineering consideration are asfollows:

a. Sites on hillsides, where part of a tank may be on undis-
turbed ground or rock and part may be on fill or another
construction or where the depth of required fill is variable.

b. Sites on swampy or filled ground, where layers of muck
or compressible vegetation are at or below the surface or
where unstable or corrosive materials may have been depos-
ited asfill.

c. Sites underlain by soils, such as layers of plastic clay or
organic clays, that may support heavy loads temporarily but
settle excessively over long periods of time.

d. Sitesadjacent to water courses or deep excavations, where
the lateral stability of the ground is questionable.

e. Sitesimmediately adjacent to heavy structures that distrib-
ute some of their load to the subsoil under the tank sites,
thereby reducing the subsoil’s capacity to carry additional
loads without excessive settlement.

f. Sites where tanks may be exposed to flood waters, possi-
bly resulting in uplift, displacement, or scour.

g. Sitesin regions of high seismicity that may be susceptible
to liquefaction.

h. Sites with thin layers of soft clay soils that are directly
beneath the tank bottom and that can cause lateral ground sta-
bility problems.

B.2.4 If the subgrade is inadequate to carry the load of
the filled tank without excessive settlement, shallow or
superficial construction under the tank bottom will not
improve the support conditions. One or more of the follow-
ing general methods should be considered to improve the
support conditions:

a. Removing the objectionable material and replacing it with
suitable, compacted material.

b. Compacting the soft material with short piles.

¢. Compacting the soft material by preloading the area with
an overburden of soil. Strip or sand drains may be used in
conjunction with this method.

d. Stabilizing the soft material by chemical methods or injec-
tion of cement grout.

e. Transferring the load to a more stable material underneath
the subgrade by driving piles or constructing foundation
piers. Thisinvolves constructing a reinforced concrete slab on
the pilesto distribute the load of the tank bottom.

f. Constructing a slab foundation that will distribute the load
over a sufficiently large area of the soft material so that the
load intensity will be within allowable limits and excessive
settlement will not occur.
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g. Improving soil properties by vibrocompaction, vibro-
replacement, or deep dynamic compaction.

h. Slow and controlled filling of the tank during hydrostatic
testing. When this method is used, the integrity of the tank
may be compromised by excessive settlements of the shell or
bottom. For this reason, the settlements of the tank shall be
closely monitored. In the event of settlements beyond estab-
lished ranges, the test may have to be stopped and the tank
releveled.

B.2.5 Thefill materia used to replace muck or other objec-
tionable materia or to build up the grade to a suitable height
shall be adequate for the support of the tank and product after
the material has been compacted. The fill material shall be
free of vegetation, organic matter, cinders, and any material
that will cause corrosion of the tank bottom. The grade and
type of fill material shall be capable of being compacted with
standard industry compaction techniques to a density suffi-
cient to provide appropriate bearing capacity and acceptable
settlements. The placement of the fill material shall be in
accordance with the project specifications prepared by a qual-
ified geotechnical engineer.

B.3 Tank Grades

B.3.1 Thegrade or surface on which atank bottom will rest
should be constructed at least 0.3 m (1 ft) above the surround-
ing ground surface. This will provide suitable drainage, help
keep the tank bottom dry, and compensate for some small set-
tlement that is likely to occur. If a large settlement is
expected, the tank bottom elevation shall be raised so that the
final elevation above grade will be a minimum of 150 mm (6
in.) after settlement.

B.3.2 There are several different materials that can be used
for the grade or surface on which the tank bottom will rest. To
minimize future corrosion problems and maximize the effect
of corrosion prevention systems such as cathodic protection,
the materia in contact with the tank bottom should be fine
and uniform. Gravel or large particles shal be avoided. Clean
washed sand 75 to 100 mm (3 to 4 in.) deep is recommended
as afina layer because it can be readily shaped to the bottom
contour of the tank to provide maximum contact areaand will
protect the tank bottom from coming into contact with large
particles and debris. Large foreign objects or point contact by
gravel or rocks could cause corrosion cells that will cause pit-
ting and premature tank bottom failure.

During construction, the movement of equipment and
materials across the grade will mar the graded surface. These
irregularities should be corrected before bottom plates are
placed for welding.

Adequate provisions, such as making size gradientsin sub-
layers progressively smaller from bottom to top, should be
made to prevent the fine material from leaching down into the
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larger material, thus negating the effect of using the fine
material as afina layer. Thisis particularly important for the
top of a crushed rock ringwall.

Note: For more information on tank bottom corrosion and corrosion
prevention that relates to the foundation of atank, see APl Recom-
mended Practice 651.

B.3.3 Unless otherwise specified by the owner, the fin-
ished tank grade shall be crowned from its outer periphery to
its center at a slope of one inch in ten feet. The crown will
partly compensate for slight settlement, which is likely to be
greater at the center. It will also facilitate cleaning and the
removal of water and sludge through openingsin the shell or
from sumps situated near the shell. Because crowning will
affect the lengths of roof-supporting columns, it is essential
that the tank manufacturer be fully informed of this feature
sufficiently in advance. (For an alternative to this paragraph,
seeB.34.)

B.3.4 As an dternative to B.3.3, the tank bottom may be
doped toward a sump. The tank manufacturer must be
advised asrequired in B.3.3.

B.4 Typical Foundation Types

B.4.1 EARTH FOUNDATIONS WITHOUT A
RINGWALL

B.4.1.1 When an engineering evaluation of subsurface
conditions that is based on experience and/or exploratory
work has shown that the subgrade has adequate bearing
capacity and that settlements will be acceptable, satisfactory
foundations may be constructed from earth materials. The
performance requirements for earth foundations are identical
to those for more extensive foundations. Specificaly, an earth
foundation should accomplish the following:

a Provide astable plane for the support of the tank.

b. Limit overall settlement of the tank grade to values com-
patible with the allowances used in the design of the
connecting piping.

c¢. Provide adequate drainage.

d. Not settle excessively at the perimeter due to the weight of
the shell wall.

B.4.1.2 Many satisfactory designs are possible when sound
engineering judgment is used in their development. Three
designs are referred to in this appendix on the basis of their
satisfactory long-term performance. For smaller tanks, foun-
dations can consist of compacted crushed stone, screenings,
fine gravel, clean sand, or similar materia placed directly on
virgin soil. Any unstable material must be removed, and any
replacement material must be thoroughly compacted. Two
recommended designs that include ringwalls are illustrated in

Figures B-1{and B-2]and described in B.4.2 and B.4.3.
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Centerline of ringwall
and shell

13 mm (¥/2") thick (min)
asphalt-impregnated
board (optional)

Outline of tank shell

T =300 mm
(12") min

T/2

: Slope
11
5

v

<4— Nominal tank diameter+T —

PLAN OF CONCRETE RINGWALL

75 mm (3") min of compacted, clean sand

Slope 0.3 mm (1'0%)
-
A
Coarse gravel
or crushed
stone A
. Remove any unsuitable material and
1.8 mm (6'0") replace with suitable fill; then
<+— bermif g thoroughly compact fill
surrounding L gnly P
grade is low 300 mm (12") min

Notes:

1. See B.4.2.3 for requirements for reinforcement.

2. The top of the concrete ringwall shall be smooth and level. The
concrete strength shall be at least 20 MPa (3000 Ibf/in.2) after
28 days. Reinforcement splices must be staggered and shall be
lapped to develop full strength in the bond. If staggering of laps

is not possible, refer to ACI 318 for additional development
requirements.

3. Ringwalls that exceed 300 mm (12 in.) in width shall have
rebars distributed on both faces.

4. See B.4.2.2 for the position of the tank shell on the ringwall.

Figure B-1—Example of Foundation With Concrete Ringwall

B.4.2 EARTH FOUNDATIONS WITH A CONCRETE
RINGWALL

B.4.2.1 Large tanks, tanks with heavy or tall shells and/
or self-supported roofs impose a substantial 1oad on the
foundation under the shell. This is particularly important
with regard to shell distortion in floating-roof tanks. When
there is some doubt whether a foundation will be able to
carry the shell load directly, a concrete ringwall foundation
should be used. As an aternative to the concrete ringwall
noted in this section, a crushed stone ringwall (see B.4.3)
may be used. A foundation with a concrete ringwall has the
following advantages:

B-3
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a. It provides better distribution of the concentrated load of
the shell to produce a more nearly uniform soil loading under
the tank.

b. It provides alevel, solid starting plane for construction of
the shell.

c. It provides abetter means of leveling the tank grade, and it
is capable of preserving its contour during construction.

d. Itretainsthefill under the tank bottom and prevents|oss of
meaterial asaresult of erosion.

e. It minimizes moisture under the tank.
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0.9 mm _06m
(3") min—p1(2) min
D e

Slope top of ringwall
away from tank if
paved

:: 75 mm (3") min
1 " of compacted,
T B ceansnl

Crushed stone or gravel

Thoroughly compacted fill of
fine gravel, coarse sand,
or other stable material

Note: Any unsuitable material shall be removed and replaced with suitable fill; the fill shall then be

thoroughly compacted.

Figure B-2—Example of Foundation With Crushed Stone Ringwall

A disadvantage of concrete ringwalls is that they may
not smoothly conform to differential settlements. This
disadvantage may lead to high bending stressesin the bot-
tom plates adjacent to the ringwall.

B.4.2.2 When a concrete ringwall is designed, it shall be
proportioned so that the alowable soil bearing is not
exceeded. The ringwall shall not be less than 300 mm (12 in.)
thick. The centerline diameter of the ringwall should equal
the nominal diameter of the tank; however, the ringwall cen-
terline may vary if required to fecilitate the placement of
anchor bolts or to satisfy soil bearing limits for seismic loads
or excessive uplift forces. The depth of the wall will depend
on local conditions, but the depth must be sufficient to place
the bottom of the ringwall below the anticipated frost penetra-
tion and within the specified bearing strata. As a minimum,
the bottom of the ringwall, if founded on soil, shall be located
0.6 m (2 ft) below the lowest adjacent finish grade. Tank
foundations must be constructed within the tolerances speci-
fied in 5.5.5. Recesses shall be provided in the wall for flush-
type cleanouts, drawoff sumps, and any other appurtenances
that require recesses.

B.4.2.3 A ringwall should be reinforced against tempera-
ture changes and shrinkage and reinforced to resist the lateral
pressure of the confined fill with its surcharge from product
loads. ACI 318 is recommended for design stress values,
material specifications, and rebar development and cover. The
following items concerning aringwall shall be considered:

a. The ringwall shall be reinforced to resist the direct hoop
tension resulting from the lateral earth pressure on the ring-
wall’s insde face. Unless substantiated by proper
geotechnical analysis, the laterd earth pressure shall be
assumed to be at least 50% of the vertical pressure due to
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fluid and soil weight. If a granular backfill is used, a latera
earth pressure coefficient of 30% may be used.

b. The ringwall shal be reinforced to resist the bending
moment resulting from the uniform moment load. The uni-
form moment load shall account for the eccentricities of the
applied shell and pressure loads relative to the centroid of the
resulting soil pressure. The pressure load is due to the fluid
pressure on the horizontal projection of the ringwall inside
the shell.

¢. Theringwall shall be reinforced to resist the bending and
torson moments resulting from lateral, wind, or seismic
loads applied eccentrically to it. A rational anaysis, which
includes the effect of the foundation stiffness, shall be used to
determine these moments and soil pressure distributions.

d. Thetotal hoop steel arearequired to resist the loads noted
above shall not be less than the area required for temperature
changes and shrinkage. The hoop steel area required for tem-
perature changes and shrinkage is 0.0025 times the vertical
cross-sectional area of the ringwall or the minimum rein-
forcement for walls called for in ACI 318, Chapter 14.

e. For ringwalls, the vertical steel area required for tempera-
ture changes and shrinkage is 0.0015 times the horizontal
cross-sectional area of the ringwall or the minimum rein-
forcement for walls caled for in ACl 318, Chapter 14.
Additional vertical steel may be required for uplift or tor-
siona resistance. If the ring foundation is wider than its
depth, the design shall consider its behavior as an annular
dab with flexure in the radia direction. Temperature and
shrinkage reinforcement shall meet the ACI 318 provisions
for dabs. (See ACI 318, Chapter 7.)

f. When the ringwall width exceeds 460 mm (18in.), using a
footing beneath the wall should be considered. Footings may
also be useful for resistance to uplift forces.

g. Structural backfill within and adjacent to concrete ring-
walls and around items such as vaults, undertank piping, and
sumps requires close field control to maintain settlement tol-
erances. Backfill should be granular material compacted to
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WELDED STEEL TANKS FOR OIL STORAGE B-5

the density and compacting as specified in the foundation
construction specifications. For other backfill materials, suffi-
cient tests shall be conducted to verify that the material has
adequate strength and will undergo minimal settlement.

B.4.3 EARTH FOUNDATIONS WITH A CRUSHED
STONE AND GRAVEL RINGWALL

B.4.3.1 A crushed stone or gravel ringwall will provide
adequate support for high loads imposed by a shell. A foun-
dation with a crushed stone or gravel ringwall has the follow-
ing advantages:

a. It provides better distribution of the concentrated load of
the shell to produce a more nearly uniform soil loading under
the tank.

b. It provides a means of leveling the tank grade, and it is
capable of preserving its contour during construction.

c. Itretainsthefill under the tank bottom and prevents|oss of
material asaresult of erosion.

d. It can more smoothly accommodate differential settlement
because of itsflexibility.

A disadvantage of the crushed stone or gravel ringwall is
that it is more difficult to construct it to close tolerances and
achieve aflat, level plane for construction of the tank shell.

B.4.3.2 For crushed stone or gravel ringwalls, careful
selection of design details is necessary to ensure satisfactory
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e, The type of foundation suggested is shown in
Figure B-2.|Significant detailsinclude the following:
a. The0.9 m (3 ft) shoulder and berm shall be protected from
erosion by being constructed of crushed stone or covered with
a permanent paving material.
b. Care shal be taken during construction to prepare and
maintain asmooth, level surface for the tank bottom plates.
c. The tank grade shall be constructed to provide adequate
drainage away from the tank foundation.
d. The tank foundation must be true to the specified plane
within the tolerances specified in 5.5.5.

B.4.4 SLAB FOUNDATIONS

B.4.4.1 When the soil bearing loads must be distributed ,
over an area larger than the tank area or when it is specified -
by the owner, a reinforced concrete slab shall be used. Piles -
beneath the slab may be required for proper tank support.

B.4.4.2 Thestructural design of the slab, whether on grade :
or on piles, shall properly account for all loadsimposed upon
the slab by the tank. The reinforcement requirements and the;
design details of construction shall be in accordance with
ACI 318.

B.5 Tank Foundations for Leak Detection

Appendix | provides recommendations on the construction
of tank and foundation systems for the detection of leaks
through the bottoms of storage tanks.
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APPENDIX C—EXTERNAL FLOATING ROOFS

e C.1 Scope

This appendix provides minimum requirements that,
unless otherwise qualified in the text, apply to pan-type, pon-
toon-type, and double-deck-type floating roofs. This appen-
dix isintended to limit only those factors that affect the safety
and durability of the installation and that are considered to be
consistent with the quality and safety requirements of this
standard. Numerous aternative details and proprietary appur-
tenances are available; however, agreement between the pur-
chaser and the manufacturer is required before they are used.

C.2 Material

The material requirements of Section 2 shall apply unless
otherwise stated in this appendix. Castings shall conform to
any of the following specifications:

a. ASTM A 27M, grade 405-205 (ASTM A 27, grade 60-30),
fully annealed.

b. ASTM A 27M, grade 450-240 (ASTM A 27, grade 65-35),
fully annealed or normalized and tempered, or quenched and
tempered.

c. ASTM A 216M (ASTM A 216) WCA, WCB, or WCC
grades annedled and normaized, or normalized and
tempered.

C.3 Design

C.3.1 GENERAL

The roof and accessories shall be designed and constructed
so that the roof is allowed to float to the maximum design lig-
uid level and then return to aliquid level that floats the roof
well below the top of the tank shell without damage to any
part of the roof, tank, or appurtenances. During such an
occurrence, no manual attention shall be required to protect
the roof, tank, or appurtenances. If a windskirt or top-shell
extension is used to contain the roof sedls at the highest point
of travel, appropriate alarm devices shall be provided to indi-
cate that the liquid level in the tank has risen above the
designed capacity height unless the tank shell has been
designed for aliquid height to the top of the shell extension.
The purchaser shall specify the indicator arrangement suit-
able for operating purposes. Emergency overflow openings
may be provided to protect the tank and floating roof from
damage.

C.3.2 JOINTS
Joints shall be designed as described in 3.1.

_C1

Copyright American Petroleum Institute
Reproduced by IHS under license with API

C.3.3 DECKS

C.3.3.1 Roofsin corrosive service, such as covering sour
crude oil, should be the contact type designed to eliminate the
presence of any air-vapor mixture under the deck.

C.3.3.2 Unless otherwise specified by the purchaser, all
deck plates shall have aminimum nominal thickness of 5 mm
(3/16 in.) (permissible ordering basis—37.4 kg/m2, 7.65 1bf/
ft2 of plate, 0.180-in. plate, or 7-gauge sheet).

C.3.3.3 Deck plates shall bejoined by continuous full-fillet
welds on the top side. On the bottom side, where flexure can
be anticipated adjacent to girders, support legs, or other rela
tively rigid members, full-fillet welds not less than 50 mm (2
in.) long on 250 mm (10 in.) centers shall be used on any
plate laps that occur within 300 mm (12 in.) of any such
members.

C.3.3.4 Top decks of double-deck roofs and of pontoon
sections, which are designed with a permanent slope for
drainage, shall have aminimum slope of 1in 64 (3/4gin.in 12
in.) and shall preferably be lapped to provide the best drain-
age. Plate buckles shall be kept to a minimum.

C.3.4 PONTOON DESIGN

C.3.4.1 Hoating roofs shal have sufficient buoyancy to
remain afloat on liquid with a specific gravity of 0.7 and with
primary drains inoperative for the following conditions:

a 250 mm (10 in.) of rainfal in a 24-hour period with the
roofs intact, except for double-deck roofs provided with
emergency drains to keep water to a lesser volume that the
roofs will safely support. Such emergency drains shall not
alow the product to flow onto the roof.

b. Single-deck and any two adjacent pontoon compartments
punctured in single-deck pontoon roofs and any two adjacent
compartments punctured in double-deck roofs, both roof
types with no water or live load.

C.3.4.2 The pontoon portions of single-deck pontoon-type
roofs shall be designed to have adequate strength to prevent
permanent distortion when the center deck is loaded by its
design rainwater (C.3.4.1, Item @) or when the center deck
and two adjacent pontoons are punctured (C.3.4.1, Item b). If
calculations are required by the purchaser, the allowable
stress and stability criteria shall be jointly established by the
purchaser and the manufacturer as part of the inquiry. Alter-
natively, a proof test smulating the conditions of C.3.4.1,
with the roof floating on water, may be performed on the
roof or on one of similar design that is of equal or greater
diameter.
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C-2 APl STANDARD 650

C.3.4.3 Any penetration of the floating roof shall not allow
product to flow onto the roof under design conditions.

C.3.5 PONTOON OPENINGS

Each compartment shall be provided with a liquid-tight
manhole. Manhole covers shall be provided with suitable
hol d-down fixtures (which may be of the quick-opening type)
or with other means of preventing wind or fire-fighting hose
streams from removing the covers. The top edge of the man-
hole necks shall be at an elevation that prevents liquid from
entering the compartments under the conditions of C.3.4.

Each compartment shall be vented to protect against inter-
nal or externa pressure. Vents may be in the manhole cover
or the top deck of the compartment. The vents shall be at an
elevation that prevents liquid from entering the compartment
under the conditions of C.3.4 and shall terminate in a manner
that prevents entry of rain and fire-fighting liquids.

C.3.6  COMPARTMENTS

Compartment plates are radial or circumferential dividers
forming compartments that provide flotation for the roof (see
C.3.4). All interna compartment plates (or sheets) shall be
single-fillet welded along al of their edges, and other welding
shall be performed at junctions as required to make each
compartment liquid tight. Each compartment shall be tested
for tightness using internal pressure or a vacuum box and a
soap solution or penetrating oil.

C.3.7 LADDERS

Unless otherwise specified by the purchaser, the floating
roof shall be supplied with aladder that automatically adjusts
to any roof position so that access to the roof is always pro-
vided. The ladder shal be designed for full-roof travel,
regardless of the normal setting of the roof-leg supports. If a
rolling ladder is furnished, it shall have full-length handrails
on both sides and shall be designed for a 4450 N (1000 Ibf)
midpoint load with the ladder in any operating position.

C.3.8 ROOF DRAINS

Primary roof drains shall be of the hose, jointed, or siphon
type, as specified on the purchase order. A check valve shall
be provided near the roof end of the hose and on jointed pipe
drains on single-deck and pan-type roofs to prevent backflow
of stored product if leakage occurs. Provisions shall be made
to prevent kinking of the hose or pinching of the hose under
the deck support legs. Hose drains shall be designed to permit
their replacement without personnel entering the tank. The
swing joints of pipe drains shall be packed to prevent leakage.
The instalation of either the hose or the pipe drain shal
include the installation of the proper shell fittings for its oper-
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aion and, if necessary, removal. The minimum-size drain
shall be capable of preventing the roof from accumulating a
water level greater than design at the maximum rainfall rate
specified by the purchaser for the roof when the roof is float-
ing a the minimum operating level; however, the drain shall
not be smaller than NPS 3 for roofs with a diameter less than
or equal 36 m (120 ft) or smaller than NPS 4 for roofs with a
diameter greater than 36 m (120 ft).

C.3.9 VENTS

Suitable vents shall be provided to prevent overstressing of
the roof deck or seal membrane. The purchaser should spec-
ify liquid withdrawal rates so that the fabricator may size the
vacuum vents. Vents, bleeder valves, or other suitable means
shall be adequate to evacuate air and gases from underneath
theroof during initia filling.

C.3.10 SUPPORTING LEGS

C.3.10.1 Thefloating roof shall be provided with support-
ing legs. Legs fabricated from pipe shall be notched or perfo-
rated at the bottom to provide drainage. The length of the
legs shall be adjustable from the top side of the roof. The
operating- and cleaning-position levels of the supporting legs
shall be as specified on the purchase order. The manufacturer
shall make certain that all tank appurtenances, such as mix-
ers, interior piping, and thefill nozzle, are cleared by the roof
initslowest position.

C.3.10.2 The legs and attachments shall be designed to
support the roof and auniform liveload of at least 1.2 kPa (25
Ibf/ft2). Where possible, the roof load shall be transmitted to
the legs through bulkheads or diaphragms. Leg attachments
to single decks shall be given particular attention to prevent
failures at the points of attachment. Steel pads or other means
shall be used to distribute the leg loads on the bottom of the
tank. If pads are used, they shall be continuously welded to
the bottom.

C.3.11 ROOF MANHOLES

At least one roof manhole shall be provided for access to
the tank interior and for ventilation when the tank is empty.
The number of roof manholes shall be as specified by the pur-
chaser. Each manhole shall have a minimum nominal diame-

ter of 600 mm (24 in.) and shall have atight-gasketed, bolted
cover equivalent to the cover shown in

C.3.12 CENTERING AND ANTIROTATION
DEVICES

Suitable devices shdl be provided to maintain the roof in a
centered position and to prevent it from rotating. These
devices shall be capable of resisting the lateral forcesimposed
by the roof ladder, unequal snow loads, and wind loads.
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e C.3.13 SEALS

The space between the outer periphery of the roof and the
tank shell shall be sealed by a flexible device that provides a
reasonably close fit to the shell surfaces. If the sealing device
employs steel shoesin contact with the shell, such shoes shall
be made from galvanized sheet conforming to ASTM A 924
with aminimum nominal thickness of 1.5 mm (16 gauge) and
a G90 coating. If uncoated shoes are specified, they shall be
made from sheet steel with the thickness and quality specified
on the purchase order. An adequate but minimum number of
expansion joints shall be provided. Any fabric or nonmetallic
material used as a seal or seal component shall be durable in
its environment and shall not discolor or contaminate the
product stored.

APl Recommended Practice 2003 should be consulted
regarding the possible need for bonding shunts between the
roof and the metallic shoes. Provision for such shunts shall be
asubject for agreement between the purchaser and the manu-
facturer.

C.3.14 GAUGING DEVICE

Each roof shall be provided with a gauge hatch or gauge
well with atight cap that complies with the design specified
in the purchase order.
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C.4 Fabrication, Erection, Welding,
Inspection, and Testing

C.4.1 Theapplicablefabrication, erection, welding, inspec-
tion, and testing requirements of this standard shall apply.

C.4.2 Deck seams and other joints that are required to be
liquid or vapor tight shall be tested for leaks by means of pen-
etrating oil or any other method consistent with the methods
described in this standard for testing cone-roof seams and
tank-bottom seams.

C.4.3 Theroof shal be given aflotation test while the tank
is being filled with water and emptied. During this test, the
upper side of the lower deck shall be examined for leaks. The
appearance of a damp spot on the upper side of the lower
deck shall be considered evidence of leakage.

C.4.4 The upper side of the upper decks of pontoon and
double-deck roofs shall be visually inspected for pinholes and
defective welding.

C.4.5 Drainpipe and hose systems of primary drains shall
be tested with water at a pressure of 350 kPa (50 Ibf/in.2)
gauge. During the flotation test, the roof drain valves shall be
kept open and observed for leakage of the tank contents into
thedrain lines.
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APPENDIX D—TECHNICAL INQUIRIES

D.1 Introduction

APl will consider written requests for interpretations of
API Standard 650. API staff will make such interpretationsin
writing after consulting, if necessary, with the appropriate
committee officers and committee members. The APl com-
mittee responsible for maintaining APl Standard 650 meets
regularly to consider written requests for interpretations and
revisions and to develop new criteria dictated by technologi-
cal development. The committee's activitiesin thisregard are
limited strictly to interpretations of the standard and to the
consideration of revisions to the present standard on the basis
of new data or technology. As amatter of policy, APl does not
approve, certify, rate, or endorse any item, construction, pro-
prietary device, or activity, and accordingly, inquiries that
require such consideration will be returned. Moreover, API
does not act as a consultant on specific engineering problems
or on the general understanding or application of the stan-
dard. If, based on the inquiry information submitted, it is the
opinion of the committee that the inquirer should seek other
assistance, the inquiry will be returned with the recommenda-
tion that such assistance be obtained. All inquiries that cannot
be understood because they lack information will be returned.

D.2 Inquiry Format

D.2.1 Inquiriesshal belimited strictly to requests for inter-
pretation of the standard or to the consideration of revisions
to the standard on the basis of new data or technology. Inquir-
ies shall be submitted in the format described in D.2.2
through D.2.5.

D.2.2 The scope of an inquiry shall be limited to a single
subject or agroup of closely related subjects. An inquiry con-
cerning two or more unrelated subjects will be returned.
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D-1

D.2.3 Aninquiry shall start with abackground section that
states the purpose of the inquiry, which would be either to
obtain an interpretation of the standard or to propose a revi-
sion to the standard. The background section shall concisely
provide the information needed for the committee’s under-
standing of the inquiry (with sketches as necessary) and
shall cite the applicable edition, revision, paragraphs, fig-
ures, and tables.

D.2.4 After the background section, an inquiry’s main
section shall state the inquiry as a condensed, precise ques-
tion, omitting superfluous background information and,
where appropriate, posing the question so that the reply
could take the form of “yes’ or “no” (perhaps with provi-
sos). Thisinquiry statement should be technically and edito-
rially correct. The inquirer shall state what he/she believes
the standard requires. If the inquirer believes a revision to
the standard is needed, he/she shall provide recommended
wording.

D.2.5 Theinquirer shal include his or her name and mail-
ing address. The inquiry should be typed; however, legible
handwritten inquiries will be considered. Inquiries should be
submitted to the general manager of the Downstream Seg-
ment, American Petroleum Institute, 1220 L Street, N.W,,
Washington, D.C. 20005.

D.3 Technical Inquiry Responses

Following are selected responses to requests for interpreta-
tion API Standard 650 requirements. A more extensive listing
of interpretations can be found on the APl website at the
“Committees/Standards’ section.
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D-Zéi APl STANDARD 650
SECTION 1.1 SCOPE
650-1-03/00
Question 1:  Regarding the use of Sl units, doesAPI 650 allow either of the following?
Q Use of SI units throughout the design process.
(2 Usethe original U.S. Customary units with ahard conversion to Sl units as afinal step to the design process.
Reply 1: Yes, both are allowed.
Question 2:  When Sl units are used, does APl 650 require different dimensional details compared to previous APl 650 Edi-
tions or USC unit details now specified in the 10th Edition?
Reply 2: The committee currently has an agenda item to study this question. Any changes resulting from this agendaitem
will appear in afuture addendum or edition to API 650.
Question 3:  When Sl units are used, does API 650 require material thickness, material properties, configurations, etc. based
solely on the Sl unitsfor a particular tank?
Reply 3: The committee currently has an agendaitem to study this question. Any changes resulting from this agendaitem
will appear in afuture addendum or edition to APl 650.
Question 4:  Does the wording of the Foreword to API 650 require a separate check of the USC results when Sl unit are spec-
ified and after making such a check using the USC results if more restrictive?
Reply 4: No.
SECTION 2.2 PLATES
o1] 650-1-09/01
Question: For plate material certified by the manufacturer to meet more than one specification, such asA 516 Grade 60 and
A 516 Grade 70, which specification should be used when applying the rules in|Table 2-3][Figure 2-1]and Sec-
tion 2.2.9 of APl 650?
Reply: Dual certification of material isnot addressed in API 650, except in Appendix S.
650-1-11/01
Question: Does API 650 require that the material in the bottom shell course and the annular plate be the same material
specification?
Reply: API 650, Section 2.2.9.1, requires bottom plates welded to the shell to comply with Figure 2-1| but does not
require the bottom shell course and annular plate to be the same materia specification.
SECTION 2.5 PIPING AND FORGINGS
650-1-15/00
Question: 1 For nozzles made from pipe materials, does APl 650, Section 2.5.2 require that seamless pipe be used for nozzles
in shells made from Group I, 11, 111, or [1IA materials?
Reply 1: Yes, unlessASTM A 671 pipeis used.
Question: 2:  Does API 650, Section. 2.5.2 preclude the use of electric-resistance welded pipe meeting ASTM A 53, or elec-
tric-welded pipe meeting API 5L, for nozzles in shells made from Group 1V, IVA, V, or VI materials, but alow
use of electric-fusion-welded pipe nozzles made from ASTM A 671?
Reply 2: Yes.
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SECTION 3.1

650-1-11/02
Question:

Reply:
SECTION 3.5

650-1-49/00
Question:

Reply:
SECTION 3.6

650-1-02/02

Background:

Question:

Reply:
SECTION 3.7

650-1-33/99
Question:

Reply:

650-1-53/99
Question 1:

Reply 1.
Question 2:

Reply 2:
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JOINTS

Isthere any alowance or provision to omit the top angle as required by API 650, 3.1.5.9e and 3.1.5.9f if we can
show by calculation that the top compression areaiis sufficient.

No.

ANNULAR BOTTOM PLATES

If atank bottom slopes downward toward the center of the tank, are the annular plates required to lap over the
bottom plates?

Thisis not covered by API 650.

SHELL DESIGN

On one recent contract, corrosion allowance of 0.25 in. was specified only on first shell course. The tank is 250 ft
(diameter) by 53 ft high, with a liquid height of 48 ft 0"(external floater) and design specific gravity = 0.968.
Detail design per the current edition shows that the second course thicknessis controlled by hydrostatic test condi-
tion, which isincorrect. Investigation has proven that the current rules in APl 650 for the variable design point
method are not valid for variable corrosion alowance. The second course thickness calculated is more than the
one-foot method will calculate, however, thisis not stated in APl 650. It is not unusual for a customer to specify
variable corrosion allowance. The variable design point method is used only for large tanks and in some cases, as|
have discovered, the second course will be calculated /16 in. thicker than needs to be when corrosion allowanceis
asignificant percentage of first course. This extra thickness amounts to good sum of money.

Is the variable design point method of shell design covered under API 650, Section 3.6.4 valid for tanks with
variable corrosion dlowance (i.e., different corrosion for each shell course)?

No.

SHELL OPENINGS

Referring to APl 650, Section 3.7.4, must al flush-type cleanouts and flush-type shell connections be stress-
relieved regardless of the material used, the nozzle diameter, or the thickness of the shell insert plate?

Yes, see Section 3.7.4.1.

Per Section 3.7.4.2, for shell openings over NPS 12, if insert plates are not used to reinforce the shell opening, is
the shell thickness afactor in determining if PWHT of the assembly is required?

Yes.

Regarding Section 3.7.4.2, is stress-relieving mandatory for the prefabricated assembly when the thickness of the
thickened insert plate exceeds 1 in., irrespective of the shell opening size?

No. The requirement applies only to NPS 12 or larger connections.
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650-1-01/00
Question:

Reply:

650-1-18/00
Question 1.
Reply 1:
Question 2:
Reply 2:

650-1-34/00
Question:

Reply:

650-1-43/00
Question:

01 Reply:

650-1-47/00
Question:
Reply:

650-1-48/00
Question:

Reply:
SECTION 3.8

650-1-51/00
Question:

Reply:

650-1-53/00
Question:

Reply:
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DoesAPI 650, Section 3.7.4.3, dlow stress-relieving nozzles, as described therein, after installation in the shell,
using locally applied heaters?

No. The heat treatment must be performed prior to installation in the tank.

Referenci n does API 650 cover flush shell connections to be installed non-radially?
No.

Referencing Figure 3-12, jare flush-type shell connections smaller than 8 in. covered in APl 650?
No.

DoesAPI 650, Section 3.7.4.2 require stress-relieving for materialsin opening connections coming under Group
[, 11, 11 or T A, when the thickness of the shell islessthan 1 in., but the sum of the shell plate thickness and the
reinforcement plate thickness exceeds 1 in. for NPS 12 and larger?

No.

Referring to API 650, Section 3.7.4.2, must a prefabricated manhole assembly be stressrelieved if the materid is
Group |1 (A 131, Grade B), the shell plateis3/s in. thick, and the opening is a 24-in. diameter manhole?

No, because the shell islessthan 1 in. thick.

DoesAPI 650, Section 3.7.6.1, permit making a hot tapping connection on a blind flange on anozzle in atank?

No. Refer to API 650, Section 3.8.3, for rules on installing a nozzle in a cover plate in a new tank. Refer to API
653, Section 7.14, for rules and guidance on hot tapping in an in-service tank.

DoesAPI 650 define a“neck” as piping or nozzle passing through the shell of the tank to the first flange, regard-
less of the length and configuration (such as an upturned pipe connected by an elbow and another short piece
pipe to thefirst flange) of this pipe?

No. API does not define this term. Also, refer to Section 1.2, which defines the limits of applicability on piping.

SHELL ATTACHMENTS AND TANK APPURTENANCES

API 650, Section 3.8.3.2, requires mixer manway bolting flanges to be 40% thicker than the values shown in
Footnote b under [Table 3-4 |requires the minimum manway neck thickness to be the lesser of the

ange thickness or the shell plate. Isiit therefore required that the minimum neck thickness on a mixer manway
be the lesser of 140% of the flange thickness value if Table 3-3Jor the shell thickness?

No.

Referring to API 650, is magnetic particle testing applicable for inspecting permanent attachments to the shell
and at temporary attachment removal areas, when the material group is of Group | (A 283, Grade C)?

No. See 3.8.1.2 and 5.2.3.5, in Addendum 1 to the 10th Edition of APl 650.
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- 650-1-14/02

Background: Section 3.8.3.2 states. “a cover plate with a nozzle attachment far product-mixing equipment shall have athick-
ness at least 1.4 times greater than the thickness required by| Table 3-3.] Section 3.8.3.3 aso states that “when
cover plates (or blind flanges) are required for shell nozzles, the minimum thickness shall be that given for
fl anges’ . There seems to be a conflict between these two sections in that when the thickness speci-
fied by|Table 3-3|(at max liquid level) isincreased by 40%, it is still thinner than the thickness specified by m

[38)

Question 1:  In determining the thickness of a cover plate and bolting flange in which product mixing equipment is installed,
isthere a conflict between 3.8.3.2 and 3.8.3.3

Reply 1. No.

Question 2:  If weareto adhereto 3.8.3.3, how are we to compute the new thickness of a cover plate whose integrity has been
compromised by the addition of a hole into which asmaller adapter nozzle has been placed. Section 3.8.3.3 only
directs the reader to [Table 3-8 o find the thickness of unadulterated cover plates. No mention is made in 3.8.3.3
regarding how to computethe hew thickness after a nozzle has been added.

Reply 2: API does not provide consulting on specific engineering problems or on the general understanding of its stan-
dards. We can only provide interpretations requirements that are stated in an APl standard or consider revisions
based on new data or technol ogy.

SECTION 3.9 TOP AND INTERMEDIATE WIND GIRDERS

650-1-39/99

Question 1:  Is it acceptable for the primary (upper) bottom, of an APl 650 Appendix | double-bottom tank to not project
through the shell and to be attached only to the inside of the shell?

Replyl: No. APl 650, Section 3.4.2 requires the bottom plate project at least 25 mm (1 in.) outside the toe of the outer
shell-to-bottom weld. Section 3.5.2 requiresthe annular plate project at least 50 mm (2 in.) outside the shell. Fur-
thermore, Section 3.1.5.7 requires the bottom be welded to the shell on both sides of the shell. The only way this
can be accomplished iswith ashell proj ection [lustrates an acceptabl e double-bottom instal lation.

Question 2:  What is the function of asphalt-impregnated board written as “ optional” ?

Reply 2: The function of the asphalt-impregnated board is to minimize water infiltration underneath the tank bottom and
corrosion of the portion of the tank bottom in direct contact with the concrete ringwall.

Question 3:  What is the expected effect on tank annular platesif the asphalt-impregnated board is not installed?
Reply 3: Seereply to Question 1.

SECTION 3.10 ROOFS

650-1-51/99

Question1:  In APl 650, Section 3.10.5, is the calculated minimum thickness the actual required thickness that takes into
account the span of unstiffened cone plates with atotal load of 45 Ibf/ft2?

Reply 1: Yes, it is the minimum required thickness, exclusive of corrosion allowance, for the tank diameter and roof slope
under consideration. It should be noted that the maximum allowable roof plate thickness limits the tank diameter
asafunction of the roof dope.

Question 2:  How is the minimum thickness used?

Reply 2: API does not act as a consultant on specific engineering problems or on the general understanding or application
of its standards. API’s activities in regard to technical inquiries are limited strictly to interpretations of the stan-
dard and to the consideration of revisions to the present standard based on new data or technology.
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650-1-52/99

Question: Iswelding of the main roof support membersto the roof plates allowed by the standard?

Reply: No, see API 650, Section 3.10.2.3 that states that roof plates of supported cone roofs shall not be attached to the
supporting members.

SECTION 5.2 DETAILS OF WELDING
650-1-11/00

Question1: Does API 650 Section 5.2.1.10 require the use of low hydrogen electrodes when making manual horizontal
welds between two shell plates when both plates are in Groups I-111, one plate is greater than 12.5 mm (0.5in.)
thick and the other plateis 12.5 mm (0.5 in.) thick or less?

Reply 1: Yes.

Question 2:  DoesAPI 650 Section 5.2.1.10 require the use of low hydrogen electrodes when making manual welds between
the shell and bottom plates when both plates are in Groups I-111, the shell plateis greater than 12.5 mm (0.5in.)
thick and the tank bottom plate is 12.5 mm (0.5 in.) thick or less?

Reply 2: Yes.

Question 3:  DoesAPI 650 Section 5.2.1.10 require low hydrogen el ectrodes when making welds between two annular plates
that are 12.5 mm thick or less and are made of material in Groups|-I11.

Reply 3: No. This question will be referred to the appropriate Subcommittee to confirm thisis the desired requirement.

650-1-28/00

Question1:  Referring to APl 650, Section 5.2.2.1, is the tank manufacturer allowed to set the sequence of welding the floor

o j plates, if the sequence has been found by the manufacturer to yield the least distortion from shrinkage?
Reply 1 Yes, see Section 5.2.2.1.
Question 2:  If bottom plate seams are |ft open for shrinkage, then must the shell-to-bottom corner weld be practically com-
: plete prior to making the welds |eft open for shrinkage compensation?
Reply 2: Yes, see Section 5.2.2.2.
SECTION 5.3 INSPECTING, TESTING, AND REPAIRS
650-1-16/00

Question: Regarding the hydrotesting of atank to be lined internaly, does APl 650 require the tank to be filled with water
before and after the lining isinstalled, or only before the lining isinstalled, or only after thelining isinstalled?

Reply: API 650 does not cover thisissue. API does not provide consulting advice on issues that are not addressed in AP
650.

650-1-21/00

Question 1:  Does API 650 require any additional testing beyond the hydrostatic (water) test specified in Section 5.3.6 for a
tank designed for product with specific gravity greater than 1?

Reply 1 No. Section F.7.6 provides additional requirements for Appendix F tanks. The purchaser may require more strin-
gent testing as a supplemental requirement.

Question 2:  Given the following conditions: nominal diameter of the tank—30 m, height of shell-18.4 m, roof-torospherical,
specific gravity of content—1.32, top gauge pressure-0. Can the design calculation for test condition be executed
on APl 650 and Appendix F (design pressure on bottom level 233 CPA or more)?

Copyright American Petroleum Institute
Reproduced by IHS under license with API

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



WELDED STEEL TANKS FOR OIL STORAGE D-7

Reply 2:

650-1-33/00
- Question:

Reply:

650-1-12/01
| Question 1:

Reply 1:

Question 2:
Reply 2:

SECTION 5.4

650-1-48/99
Question 1.

Reply 1:

Question 2:
Reply 2:

SECTION 5.5

650-1-24/00
Question:

Reply:

650-1-29/00
Question:

Reply:
650-1-40/00
Question:

Reply:
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API does not provide consulting on specific engineering problems or on the general understanding and applica
tion of its standards. We can only provide interpretations of API 650 requirements. Please refer to Appendix D
and restate your inquiry so that it poses a question on the meaning of arequirement in APl 650.

Does API 650, Section 5.3.6, prohibit starting the water filling for hydrostatic testing while completing some
welded attachments on the last shell ring above the water level?

No.

Does API 650 require that tolerances (plumbness/peaking bending/roundness) be checked after the construction
of each shell course, rather than after the completion of the entire shell?

These tolerances must be measured by the purchaser’sinspector at anytime prior to the hydrostatic test. See Sec-
tions4.2.3,5.3.1.2, and 5.5.6.

If repairs are required to meet the specified tolerances, when must the repairs be made?
API 650 does not address the timing of these repairs.

REPAIRS TO WELDS

If welds in a non-radiographed tank (e.g., per Appendix A) are examined by visual examination and determined
to be defective, does API 650 permit the purchaser to then require radiographic examination of the welds?

Section 5.4.1 requires that the purchaser’s inspector approve the plan to resolve the problem. The ramifications
of any upgrade to the NDE procedure originally required, such as radiographing the welds in this case, become a
contractual matter.

For purchaser-specified NDE, if required to resolve avisua finding, what acceptance criteria applies?
Thisisacontractual matter not covered by API 650.

DIMENSIONAL TOLERANCES

API 650 gives tolerances for plumbness and roundness, but these are related to the tank shell. Are there any
defined tolerances on the tank roof, such as on the rim space dimension?

No.

Doesthe phrasein Section 5.5.5.2.a0of API 650, “the top of the ring wall shall be level within +/- 3mm (Y/gin.) in
any 9 m (30 ft) of the circumference”, mean that the ring wall upper plane position isto be between two horizon-
tal planes 6 mm apart or 3 mm apart?

6 mm apart.

For tanks built to APl 650 and complying with Section 5.5 dimensional tolerances and subsequently commis-
sioned, do the minimum requirements of API 650 with respect to plumbness, banding, etc., still apply after atank
has been placed in service?

No. API 650 covers the design and construction of new tanks. Any tolerance rules that might apply after the tank
has been placed in service, typically APl 653 plus any supplemental owner requirements, are to be determined by
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D-8 APl STANDARD 650

the local jurisdiction and the tank owner. See APl 653, 1.1.1, Section 8, and 10.5.2, for further information and
for some examples.

650-1-07/01

Question 1:  API 650, Section 5.5.1, states that the tolerances as specified may be waived by (agreement between the pur-
chaser and the manufacturer). If a tank does not meet the specified tolerance with regards to one specific area
such asthe roundness but has met the tolerance in relation to plumbness and local deviation aswell asall the test-
ing requirements such as radiography and hydrotesting, can the manufacturer insist that the purchaser accept the
tank?

Reply 1: No. Agreement by both parties is required.

Question 2:  Since Section 5.5.1 states that the purpose of the tolerances as specified is for appearance and to permit proper
functioning of floating roofs, isit therefore correct to conclude that the purchaser has no right to refuse to accept
atank which has passed al tests required by APl 650 but may have some out-of-tolerance in one or more areas?

Reply 2: No.

Question 3:  An inspection measurement shows a maximum out of roundness of 28 mm on the uppermost shell course at
three locationsin atank. Isthis detrimental to the structural integrity of the tank?

Reply 3: API can only provide interpretations of API 650 requirements or consider revisions to the standard based on new
data or technology. API does not provide consulting on specific engineering problems or on the general under-
standing of its standards.

01
650-1-08/01
Question: Does the 10th Edition of APl 650 specify tolerances for the elevation and orientation of shell nozzles?
Reply: No.
SECTION 6 METHODS OF INSPECTING JOINTS
650-1-47/99
Queﬂi on: DoesAPI 650 alow the purchaser to require radiographic examination as arequirement for acceptance after fab-
rication on atank that is not required to be radiographed per APl 650 rules?
Reply: API 650 does not prohibit the purchaser from specifying additional requirements. These are contractual issues
outside the scope of the document.
Reply: Thisisacontractual matter not covered by API 650.
SECTION 8.1 NAMEPLATES
650-1-49/00
Question: For atank built to the 10th Edition, 1st Addendum, of API 650, is it acceptable to mark “November 1998” in the
Edition box and “X” in the “Revision No.” box on the nameplate?
Reply: No. The marks should be the “month and year” of the Edition in the first box, and the number of the addendum
revision in the second box (e.g., 0, 1, 2).
SECTION 8.3 CERTIFICATION
03 650-1-16/02

Background: Secondary containment rulesfor petroleum tanks are almost universally applied. Most often these rules are satis-
fied by constructing dike or berm walls around a tank farm. However, due to space or other regulatory limita-
tions, the owner may wish to install double wall tanks where the outer tank would contain the volume of the
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Question:

Reply:
Appendix C
Question 1.

Reply 1:

Question 2:

Reply 2:
 APPENDIX E

650-1-44/99
 Question L:

Reply 1:

Question 2:

Reply 2:

650-1-45/99
Question:

Reply:

650-1-25/00
Question 1:

Reply 1:
Question 2:

Reply 2:
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inner tank should a catastrophic failure occur. In this case, the outer wall would have to be designed to contain
the hydrostatic pressure of the liquid from the inner tank. In addition, consideration of detailed design for piping
flexibility passing through the outer wall would need to be made.

Isit permissible to construct atank within atank and certify both tanksto API 650 Section 8.3?
Yes.
External Floating Roofs

Referring to Section C.3.9, must the thermal in-breathing/out-breathing requirements as per APl 2000 also need
to be considered during design of bleeder vents (i.e., during deciding size and quantity of bleeder vents, so that
there will not be any overstressing of roof deck or seal membrane)?

No, C.3.9 does not require venting per APl 2000.

If answer to Question 2 is yes, would it not be worthwhile to clarify the same appropriately in Section C.3.9 of
API 6507

See Reply 1.

SEISMIC DESIGN OF STORAGE TANKS

Do the changes to Chapter 16, Division |V Earthquake Design, of the 1997 Uniform Building Code affect API
650, Appendix E requirements?

The committee is currently considering changes to Appendix E asaresult of the revisions to the Uniform Build-
ing Code. Approved changeswill appear in future addenda of API 650.

Why is the Seismic Zone Map of the United States shown in APl 650, Appendix E dightly different for that
shown on page 2-37 of the 1997 Uniform Building Code, Figure 16-2?

The committee is currently considering changes to Appendix E as aresult of the revisions to the Uniform Build-
ing Code. Approved changes will appear in afuture addendum or edition of API 650.

Is the value obtained from the equation in E.4.2 equal to the dimension measured radially inward from the inte-
rior face of the shell to the end of the annular plate (the “end of the annular plate” is defined here as the inner
edge/perimeter of the typical lap joint between the bottom and the annular plate)?

No, the dimension is measured radially inward from the interior face of the shell to the end of the annular plate,
defined asthe inner edge of the annular plate. The extent of the overlap of the bottom plate on the annular plateis
not a significant consideration.

Should the metric formulafor calculating the natural period of the first oshing mode in Section E.3.3.2 read:

7 = i(p"HQ 1 [
( )%.55215

Yes. This correction will appear in Addendum 2 of API 650.
Should the metric formulafor calculating the width of the thicker plate under the shell in Section E.4.2 read:

0.1745 x 10w,/ GH(m)

Yes. This correction will appear in Addendum 2 of API 650.
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Question 3:

Reply 3:
Question 4:

Reply 4:
01l APPENDIX F

650-1-12/00
Question:

Reply:

650-1-15/02
Question 1.
Reply 1:

03 Question 2:

Reply 2:

Question 3:

Reply 3:

APPENDIX H

650-1-50/99
Question 1.
Reply 1:
Question 2:

o1 Reply 2:

650-1-10/00
Question:

Reply:
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Isthe following revision to Section E.5.1 appropriate?

“When M/[D? (w; + W, )] is greater than 1.57 or when b/1000t (b/12t) is greater than F, (see E.5.3), the tank is
structurally unstable.”

Yes. This correction will appear in Addendum 2 of API 650.
Isthefollowing revision to Section E.5.3 appropriate?

“The maximum longitudinal compressive stress in the shell b/1000t (b/12t), shall not exceed the maximum
allowable stress, F,, determined by the following formulas for F,, which take in to account...”

Yes. This correction was made in Addendum 1 of API 650, released in March 2000.

DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES

Assume atank isto be designed to API 650, Appendix F.1.2, (theinternal pressure will be greater than the weight
of the roof plates but less than the weight of the shell, roof and framing). In addition, assume anchors are to be
added for some reason other than internal pressure, for example: seismic, wind, sliding, overturning or user man-
dated. Does the tank have to be designed to API 650 Section F.7?

No, only Sections F.2 through F.6 apply. Section 3.11 applies to anchors that resist wind overturning when spec-
ified by the purchaser. Appendix E applies to anchors provided for seismic. API’s Subcommittee on Pressure
Vessels and Tanks s currently reviewing APl 650 anchor requirements.

Isthe“W” in 3.10.2.5.3 referring to the same “W” in F4.2?

Yes.

Does“W” in F4.2 include the weight of the bottom of the tank?

No.

Isthe“A” in 3.10.2.5.3 referring to the same “A” in F.4.1 and cross-hatched area shown in
Yes.

INTERNAL FLOATING ROOFS

DoesAPI 650 require that floating roof seals be installed prior to hydrotesting the tank?
No.
Isaroof seal considered amajor component of the tank?

API 650 does not use the term “major component”.

Does APl 650 provide away to obtain afrangible roof connection on a small tank describe as follows?

Diameter: 8 ft.
Height: 10 ft.
Cross sectional area of the roof-to-shell junction “A”: larger than that allowed by the equation in Section 3.10.

No. The APl Subcommittee on Pressure Vessels and Tanks is currently reviewing the design criteriafor frangible
roof joints. You may wish to review Publication 937 Evaluation of Design Criteria for Storage Tanks with Fran-
gible Roof Joints.
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APPENDIX J

650-1-18/02
Background:

Question:
Response:

APPENDIX S

650-1-19/00
Question:

Reply:
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SHOP-ASSEMBLED STORAGE TANKS

Many times small tanks with diameters |ess than 10 ft are specified for construction in accordance with API 650.
A review of APl 650, Section 3.6.1.1, shows the minimum thickness to be 3/16 in. and 3.6.1.2 indicates that the
minimum shell plate width is 72 in. Appendix J states that the maximum tank diameter of a tank constructed to
API 650is 20 ft.

Isthere aminimum diameter or height or volume for which new tanks constructed to API 650 apply?
No.

AUSTENITIC STAINLESS STEEL STORAGE TANKS

In my opinion, the formulas given for shell thickness calculation for stainless steel materialsin Appendix S, Par.
S.3.2 include the corrosion alowance (CA) at the wrong place. The formulas should consist of two parts, the sec-
ond part should be the CA without the divisionby S, X E .

Yes, you are correct. Thistypographical error was corrected in Addendum 1 to API 650, 10th Edition.
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APPENDIX E—SEISMIC DESIGN OF STORAGE TANKS

« E.1 Scope

03]

03]

“Note: The basis for th
“for the design curvesi
“calculating other seismic effects, is included in a paper by R. S.
: Wozniak and W. W. Mitchell, “Basis of Seismic Design Provisions
“'for Welded Steel Oil Storage Tanks.”18

This appendix provides minimum requirements that may
be specified by the purchaser for the design of storage tanks
subject to seismic load. These requirements represent
accepted practice for application to flat-bottom tanks; how-
ever, other procedures and applicable factors or additional
requirements may be specified by the purchaser or jurisdic-
tional authorities. Any deviation from the requirements of this
appendix must be by agreement between the purchaser and
the manufacturer.

ether with the formulas
E-5jand information for

E2 General

The design procedure considers two response modes of the
tank and its contents:

a Thereatively high-frequency amplified response to lateral
ground motion of the tank shell and roof, together with the por-
tion of the liquid contents that moves in unison with the shell.
b. The relatively low-frequency amplified response of the
portion of the liquid contents that moves in the fundamental
dloshing mode.

The design requires the determination of the hydrodynamic
mass associated with each mode and the lateral force and
overturning moment applied to the shell as a result of the
response of the masses to lateral ground motion. Provisions
are included to assure stability of the tank shell with respect
to overturning and to preclude buckling of the tank shell asa
result of longitudinal compression.

This appendix has no provisions for determining the
increased hoop tension that would result from earthquake
motion. The increased hoop tension, correctly calculated
from the latera force coefficients specified in this appendix,
would not increase the hoop stresses above a generdly
acceptable stress level that could be used for seismic design
of the tank shell.

E.3 Design Loading
E.3.1 OVERTURNING MOMENT

Note: The overturning moment determined in E.3.1 is the moment
applied to the bottom of the shell only. The tank foundation is sub-

18R, S. Wozniak and W. W. Mitchell, “Basis of Seismic Design Pro-
visions for Welded Steel Oil Storage Tanks,” 1978 Proceedings—
Refining Department, Volume 57, American Petroleum Institute,
Washington, D.C., 1978, pp. 485-501.
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E-1

jected to an additional overturning moment as aresult of lateral dis-
placement of the tank contents; this additional moment may need to
be considered in the design of some foundations, such as pile-sup-
ported concrete mats.

The overturning moment due to seismic forces applied to
the bottom of the shell shall be determined as follows:

M =ZI (C{WeXg+ CiW H; + CiW; X1 + CoWHXo)

where

M = overturning moment applied to the bottom of the
tank shell, in N-m (ft-1bf),
Z = seismic zone factor (horizontal seismic accelera
tion) as determined by the purchaser or the appro-
priate government authority that has jurisdiction.
The seismic zone maps 01 Figure E-1]the seismic
zonetabulation for areas outside the United States
(seg Table E-ib, or the Supplement to National
Building Code of Canada may be used as an aid
to determine the seismic zone. can be
used to determine the seismic zone factor, Z,
importance factor,
1.0for dl tanksunlessalarger importancefactor is
specified by the purchaser. The | factor should not
exceed 1.25, and this maximum value should be
applied only to tanks that must provide emergency
post-earthquake service or to tanks that store toxic
or explosive substances in areas where an acciden-
tal release of product would be considered to be
dangerous to the safety of the generd public,

Cy, Cy = latera earthquake force coefficients determined
according to E.3.3,

W = total weight of the tank shell, in N (1bf),

Xs = height from the bottom of the tank shell to the
shell’s center of gravity, in m (ft),

W, = total weight of the tank roof (fixed or floating)
plus a portion of the snow load, if any, specified
by the purchaser, in N (Ibf),

H; = total height of the tank shell, in m (ft),

W; = weight of the effective mass of the tank contents
that move in unison with the tank shell, as deter-
mined according to E.3.2.1, in N (Ibf),

X1 = height from the bottom of the tank shell to the
centroid of lateral seismic force applied to W, as
determined according to E.3.2.2, in m (ft),

W, = weight of the effective mass of the tank contents
that move in the first doshing mode, as deter-
mined according to E.3.2.1, in N (Ibf),

Xo = height from the bottom of the tank shell to the

centroid of lateral seismic force applied to W, as
determined according to E.3.2.2, in m (ft).
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(map courtesy of Structural Engineers

Used by permission of International
Conference of Building Officials
Society of California)
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Figure E-1—Seismic Zones (continued)
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Table E-1—Seismic Zone Tabulation for Areas
Outside the United States

Seismic Seismic
Location Zone Location Zone
Asa Pacific Ocean area
Turkey Caroline Idands
Ankara 2B Koror, Paulau 2B
Karamursel 3 Ponape 0
Atlantic Ocean area Johnston Island 1
Azores 2B Kwajalein 1
Bermuda 1 Marianalsland
Caribbean Guam 3
Bahamaldands 1 Saipan 3
Cana Zone 2B Tinain 3
Leeward Islands 3 Marcus Island 1
Puerto Rico 3 Okinawa 3
Trinidad Island 2B Philippine Islands 3
North America Samoalslands 3
Greenland 1 Wake Island 0
lceland
" Keflavik 3

E.3.2 EFFECTIVE MASS OF TANK CONTENTS

E.3.2.1 The effective masses W; and W, may be deter-
mined by multiplying Wt by the ratios Wy /Wy and Wao/\Wh,

respectively, obtained from|Figure E-2for the ratio D/H.

where
Wt = total weight of the tank contents, in N (Ibf).
(The specific gravity of the product shall be
specified by the purchaser.),
D = nomind tank diameter, in m (ft) (see 3.6.1.1,
Note 1),
H = maximum design liquid level, in m (ft) (see
3.6.3.2).
E.3.2.2 Theheightsfrom the bottom of the tank shell to the

centroids of the lateral seismic forces applied to Wy and Wy,
X1 and Xy, may be determined by multiplying H by the ratios
X1/H and Xo/H, respectively, obtained from|Figure E-3|for the
ratio D/H.

E.3.2.3 The curvesin|Figures E-2 |and E-3 are based on a
modification of the equations presented in ERDA Technical
Information Document 7024.19 Alternatively, Wy, Wh, X1, and
Xo may be determined by other analytical procedures based
on the dynamic characteristics of the tank.

E.3.3 LATERAL FORCE COEFFICIENTS

E.3.3.1 Thelatera force coefficient C; shall be 0.60 unless
the product of ZIC; and the product of ZIC, are determined
asoutlined in E.3.3.3.

19ERDA Technical Information Document 7024, Nuclear Reactorsand
Earthquakes (prepared by Lockheed Aircraft Corporation and Holmes
& Narver, Inc.), U.S. Atomic Energy Commission, August 1963.
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Table E-2—Seismic Zone Factor

Seismic Factor Seismic Zone Factor
(frorﬁ Figure E-1|or other sources) (horizontal acceleration)
1 0.075
2A 0.15
2B 0.20
3 0.30
4 0.40

E.3.3.2 Thelatera force coefficient C, shall be determined
as afunction of the natural period of the first sloshing mode,
T, and the soil conditions at the tank site unless otherwise
determined by the method given in E.3.3.3. When T is less
than or equal to 4.5,

C, = 0.758
T
When T is greater than 4.5,
C, = 3.3758
where
= gite coefficient from Table E-3

= natural period of thefirst sloshing mode, in sec-
onds. T may be determined from the following

equation:
In Sl units:
T = 1.81k(D%9)
whereD = nominal tank diameter in m.
In U.S. Customary units: 01
T = k(D09)
whereD = nominal tank diameter in ft.

k = factor obtained fro for theratio D/H.

E.3.3.3 Alternatively, by agreement between the purchaser
and the manufacturer, the lateral force determined by the
products of ZICq and ZICy, may be determined from response
spectra established for the specific tank site and furnished by
the purchaser; however, the lateral force ZIC, shall not be less
than that determined in accordance with E.3.1 and E.3.3.1.

The response spectra for a specific site should be estab-
lished considering the active faults within the region, the
types of faults, the magnitude of the earthquake that could be
generated by each fault, the regiona seismic activity rate, the
proximity of the site to the potential source faults, the attenu-
ation of the ground motion between the faults and the site,
and the soil conditions at the site. The spectrum for the factor
ZIC4 should be established for adamping coefficient of 2% of
critical. Scaling of the response spectrum to account for the
reserve capacity of the tank is permissible. The acceptable
reserve capacity shall be specified by the purchaser and can
be determined from table tests, field observations, and the
ductility of the structure.
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Figure E-2—Effective Masses
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Figure E-3—Centroids of Seismic Forces
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Figure E-4—Factor k
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The spectrum for the factor ZIC, should correspond to the
spectrum for ZIC; modified for a damping coefficient of
0.5% of critical. In determining the factor ZIC, from the
spectrum, the fundamental period of the tank with its contents
shall be taken into account unless the maximum spectral
acceleration is used.

E.4 Resistance to Overturning

E.4.1 Resistance to the overturning moment at the bottom
of the shell may be provided by the weight of the tank shell
and by the anchorage of the tank shell or, for unanchored
tanks, the weight of a portion of the tank contents adjacent to
the shell. For unanchored tanks, the portion of the contents
that may be used to resist overturning depends on the width of
the bottom plate under the shell that lifts off the foundation
and may be determined asfollows:

In Sl units:

wp = 99¢t,.JF,, GH
However, w_shall not exceed 196GHD
where

w = maximum weight of the tank contents that may be
used to resist the shell overturning moment, in N/m
of shell circumference,

ty = thickness of the bottom plate under the shell, in mm,
used to calculate w (see E.4.2), |00
Fpy = minimum specified yield strength of the bottom
plate under the shell, MPa,
G = design specific gravity of theliquid to be stored, as

specified by the purchaser,
H = maximum design liquid level, m (see 3.6.3.2),
D = nominal tank diameter, m (see 3.6.1.1, Note 1). %8

In U.S. Customary units:

w, = 7.9t,,/F,,GH
However, w;_shall not exceed 1.25GHD
where

w = maximum weight of the tank contents that may be
used to resist the shell overturning moment, in [bf/ft
of shell circumference,
ty = thickness of the bottom plate under the shell in
inches, used to calculate w; (see E.4.2), | 00
Fpy = minimum specified yield strength of the bottom
plate under the shell (Ibf/in.2),
G = design specific gravity of theliquid to be stored, as
specified by the purchaser,
maximum design liquid level (ft) (see 3.6.3.2), | 08
nominal tank diameter (ft) (see 3.6.1.1, Note 1).

H
D
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10.0 |

8.0

6.0

4.0

(b+w )/ (w +w)

-

2.0

0.8 1.0 1.2 1.4 1.6
M /ID2(w, +w )]
Note: This figure may be used to compute b when M / [D2(w; + w)]
is greater than 0.785 but less than or equal to 1.5 (see E.5.1).
Figure E-5—Compressive Force b

E.4.2 Thethickness of the bottom plate under the shell may
be greater than or equal to tp, but the thickness, ty, used to cal-
culate wi_ shall not exceed the larger of 6 mm (¥4 in.) or the
first shell course thickness less the shell corrosion allowance,
nor shall ty, exceed the actual thickness of the bottom plate
under the shell less the corrosion allowance for the bottom
plate. Where the bottom plate under the shell is thicker than
the remainder of the bottom, the width of the thicker plate
under the shell shall be equal to or greater than:

In Sl units:

0.1745 x 103 w;_/GH (m)
In U.S. Customary units:

0.0274 x 103 w_/GH (ft)

E.5 Shell Compression
E.5.1 UNANCHORED TANKS

For unanchored tanks, the maximum longitudinal compres-
sive force at the bottom of the shell may be determined as fol-
lows: When M / [D%(w; + w; )] isless than or equal to 0.785,

1.273M
DZ

b=w+

When M / [D%(w; + Wy )] is greater than 0.785 but less than or
equal to 1.5, b may be computed from the value of the follow-
ing parameter obtained from|Figure E-5

Table E-3—Site Coefficients (See Note)

Type Description SFactor

S A soil profilewith either &) arock-like materia 10
characterized by a shear wave velocity greater
than 760 m/sec (2500 ft/sec) or by other suitable
means of classification or b) stiff or dense soil
conditions where the soil depth islessthan 60
m (200 ft).

S A oil profilewith stiff or dense soil conditions 1.2
where the soil depth exceeds 60 m (200 ft).

S3 A soil profile 12 m (40 ft) or morein depthcon- 1.5
taining more than 6 m (20 ft) of soft to medium
stiff clay but more than 12 m (40 ft) of soft clay.

Sy A soil profile containing morethan 12m (40ft) 2.0
of soft clay.

Note: The site factor shall be established from properly substantiated
geotechnical data. Inlocationswhere the soil properties are not known
in sufficient detail to determine the soil profile type, soil profile S3
shall be used. Sail profile $4 need not be assumed unless the building
official determines that soil profile S, may be present at the siteor in
the event that soil profile S, is established by geotechnical data.

b+w,

w,+tw;

When M / [D4(w; + W, )] is greater than 1.5 but less than or
equal to 1.57,

b+w, _ 1.490
w,+w, [1 __0.637M }0-5
Dz(wr +wp)

where
b = maximum longitudinal compressive force at the bot-
tom of the shell, in N/m (Ibf/ft) of shell circumference,
w; = weight of the tank shell and the portion of the fixed

roof supported by the shell, in N/m (Ibf/ft) of shell cir-
cumference.

When M / [D(w; + w, )] is greater than 1.57 or when b/1000t
(b/12t) is greater than F, (see E.5.3), the tank is structurally

unstable. It is then necessary to take one of the following
measures:

a Increase the thickness of the bottom plate under the shell,
tp, to increase wi_ without exceeding the limitations of E.4.1
and E.4.2.

b. Increase the shell thickness, t.

¢. Change the proportions of the tank to increase the diame-
ter and reduce the height.

d. Anchor the tank in accordance with E.6.

E.5.2 ANCHORED TANKS

For anchored tanks, the maximum longitudinal compressive
force at the bottom of the shell may be determined asfollows:
+ L2713M

b =w, >
D

01
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WELDED STEEL TANKS FOR OIL STORAGE E-7

E.5.3 MAXIMUM ALLOWABLE SHELL
COMPRESSION

The maximum longitudinal compressive stress in the shell,
b/1000t (b/12t), shall not exceed the maximum allowable
stress, F,, determined by the following formulas for F,
which take into account the effect of interna pressure due to
the liquid contents. When GHD?/t2 is greater than or equal to
44 (Sl units) [108 U.S. Customary Units)],

In Sl units:

F{l:@
D

When GHD?/t2 is less than 44,

83 ¢
F, = =—+75.,JGH
“ 25D

However, F5 shall not be greater than 0.5F,

where
G = design specific gravity of theliquid to be stored, as
specified by the purchaser,
H = maximum design liquid level, m (see 3.6.3.2),
D = nominal tank diameter, m (see 3.6.1.1, Note 1).
t = thickness of the bottom shell course, excluding any

corrosion alowance, in mm.

Fa = maximum allowable longitudinal compressive
stressin the shell, in MPa.

Fy = minimum specified yield strength of the bottom
shell course, in MPa

In U.S. Customary units:

F =

a

10°%
D
When GHD?/t2 is less than 108,

Fo= 100 600 /GH
25D

However, F, shall not be greater than 0.5F,

where
G = design specific gravity of theliquid to be stored, as
specified by the purchaser,
H = maximum design liquid level (ft) (see 3.6.3.2),
D = nominal tank diameter (ft) (see 3.6.1.1, Note 1),
t = thickness of the bottom shell course, excluding any

corrosion allowance (in.),

Fa = maximum alowable longitudinal compressive
stressin the shell (1bf/in.2),

Fy = minimum specified yield strength of the bottom
shell course (Ibf/in.2).

Copyright American Petroleum Institute
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E.5.4 UPPER SHELL COURSES

If the thickness of the lower shell course calculated to resist
the seismic overturning moment is greater than the thickness
required for hydrostatic pressure, both excluding any corro-
sion alowance, then the calculated thickness of each upper
shell course for hydrostatic pressure shall be increased in the
same proportion, unless a special analysis is made to deter-
mine the seismic overturning moment and corresponding
stresses at the bottom of each upper shell course.

E.6 Anchorage of Tanks
E.6.1 MINIMUM ANCHORAGE

When tanks are anchored, then w;_ (see E.4.1) shal not be
used to reduce the uplifting load on the anchors. The anchor-
age shdl be designed in accordance with 3.12.

E.6.2 DESIGN CONSIDERATIONS

E.6.2.1 If an anchored tank is not properly designed, its
shell can be susceptible to tearing. Care should be taken to
ensure that the strength of the anchorage attachments is
greater than the specified minimum yield strength of the
anchors so that the anchors yield before the attachments fail.
Experience has shown that properly designed anchored tanks
retain greater reserve strength with respect to seismic over-
load than unanchored tanks retain.

E.6.2.2 On tanks less than 15 m (50 ft) in diameter, the
spacing between anchors shall not exceed 1.8 m (6 ft).

E.6.2.3 The anchor attachment assembly and the attach-
ment to the shell shall be designed for aload equal to the min-
imum specified yield strength multiplied by the as-built
minimum cross-sectional area of the anchor.

E.6.2.4 The embedment strength of the anchor in the foun-
dation shall be sufficient to develop the specified minimum
yield strength of the anchor. Hooked anchors or end plates
may be used to resist pullout.

E.6.2.5 The purchaser should specify any corrosion allow-
ance that is to be added to the anchor dimensions. The fur-
nished anchors, including their corrosion allowance, shall be
used to determine the design loads for the shell attachment
and embedment requirements.

E.6.2.6 When specified by the purchaser, the anchors shall
be designed to allow for thermal expansion of the tank result-
ing from ashell temperature greater than 90°C (200°F).

E.7 Piping

Suitable flexibility shall be provided in the vertical direc-
tion for all piping attached to the shell or to the bottom of the
tank. On unanchored tanks subject to bottom uplift, piping
connected to the bottom shall be free to lift with the bottom or
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E-8 APl STANDARD 650

shall be located so that the horizontal distance measured from
the shell to the edge of the connecting reinforcement is equal
to the width of the bottom hold-down, as calculated in E.4.2,
plus 300 mm (12in.).

E.8 Additional Considerations

E.8.1 Thepurchaser shall specify any freeboard desired to
minimize or prevent overflow and damage to the roof and
upper shell that may be caused by sloshing of the liquid
contents.

E.8.2 The base of the roof-supporting columns shall be
restrained to prevent lateral movement during earthquakes.

Copyright American Petroleum Institute
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When specified by the purchaser, the columns shall be
designed to resist the forces caused by sloshing of the liquid
contents.

E.8.3 The additional vertical forces at the shell caused by
the seismic overturning moment shall be considered in the
design of the tank foundation.

E.8.4 Unless otherwise required, tanks that may be subject
to diding due to earthquake shall use a maximum allowable
diding friction of 0.40 multiplied by the force against the
tank bottom.
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APPENDIX F—DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES

F1 Scope

F.1.1 The maximum internal pressure for closed-top AP
Standard 650 tanks may be increased to the maximum inter-
nal pressure permitted when the additional requirements of
this appendix are met. This appendix appliesto the storage of
nonrefrigerated liquids (see also APl Standard 620, Appen-
dixes Q and R). For shell temperatures above 90°C (200°F),
see Appendix M.

F.1.2 When the interna pressure multiplied by the cross-
sectiond area of the nominal tank diameter does not exceed
the nomina weight of the metal in the shell, roof, and any
framing supported by the shell or roof, see the design require-
mentsin F.2 through F.6. Overturning stability with respect to
wind conditions shall be determined in accordance with 3.11
when specified by the purchaser. Overturning stability with
respect to seismic conditions shall be determined indepen-
dently of internal pressure uplift. Seismic design shall meet
the requirements of Appendix E.

F.1.3 Internal pressures that exceed the weight of the shell,
roof, and framing but do not exceed 18 kPa (21/, Ibf/in.2)

gauge when the shell is anchored to a counterbalancing
weight, such as a concrete ringwall, are covered in F.7.

F.1.4 Tanksdesigned according to this appendix shall com-
ply with &l the applicable rules of this standard unless the
rules are superseded by the requirements of F.7.

F.15 The tank nameplate (see[Figure 8-1) shall indicate

whether the tank has been designed in accordance with F.1.2
or F13.

F.1.6 |Figure F-1|s provided to aid in the determination of
the applicability of various sections of this appendix.

F.2 Venting (Deleted)
F.3 Roof Details
The details of the roof-to-shell junction shall be in accor-

dance with Figure F-2,[in which the participating area resist-

ing the compressive force is shaded with diagonal lines.
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F-1

F.4 Maximum Design Pressure and Test
Procedure

F.4.1 The design pressure, P, for atank that has been con-
structed or that has had its design details established may be
calculated from the following equation (subject to the limita-
tions of Py in F4.2):

In Sl units:
p = 1.1 A2 tan 6 +0.081,
D
where
P = interna design pressure (kPa),
A = arearesisting the compressive force, asillus-
trated in Figure F-2|(mm?),
6 = anglebetween theroof and ahorizontal planeat
the roof-to-shell junction (degrees),
tan 8 = slope of the roof, expressed as a decimal
quantity,
D = tank diameter (m),

thn = nominal roof thickness (mm).

In US Customary units:

2

D
where

P = interna design pressure (in. of water),

A = arearesisting the compressive force, asillus-
trated in Figure F-2|(in.2),

6 = anglebetween theroof and ahorizontal plane at
the roof-to-shell junction (degrees),

tan 8 = slope of the roof, expressed as a decimal

quantity,

D = tank diameter (ft),

th = nominal roof thickness (in.).
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Does tank have internal
pressure? (1.1.1,1.1.8, F.1.1,
F.1.2,F.1.3and F.7.1)

Does internal pressure
exceed weight of roof plates?
(1.1.2)

Does internal pressure
exceed the weight of the
shell, roof and attached
framing?

No
(F.1.2)

Provide anchors and
conform to F.7.

Does internal pressure
exceed 18 kPa (2.5 PSIG)?
(F.1.3and F.7.1)

Use API 620

Basic Design

Basic Design

Basic Design plus Appendix F.1 through F.6.
Anchors for pressure not required.

Do not exceed P,..

Limit roof/shell compression area per F.5.

API 650 with Appendix F or
API 620 shall be used.

Figure F-1—Appendix F Decision Tree
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te = thickness of shell plate, Rc = inside radius of tank shell,
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ts = thickness of thickened plate in shell, vertical centerline of the tank,
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Note: All dimensions and thicknessesarein mm (in.)
Figure F-2—Permissible Details of Compression Rings
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F-4 APl STANDARD 650

F.4.2 The maximum design pressure, limited by uplift at
the base of the shell, shall not exceed the value calculated
from the following equation unless further limited by F.4.3:

In Sl units:

_ 0.00127W 0.00382M
ax = T + 0,081 —==o=m

D D

00 P

where
Prmax = maximum design pressure (kPa),

= total weight of the shell and any framing (but not
roof plates) supported by the shell and roof (N),

M = wind moment (N-m), when wind overturning sta-
bility has been specified by the purchaser in accor-
dancewith 3.11, otherwise M = 0. Anchorage may
be required when the maximum design pressureis

00 combined with the specified load. If overturning

stability has not been specified, the manufacturer

shall report the maximum wind vel ocity the tank
may withstand without anchorage when combined
with the maximum design pressure.

In US Customary units:

00 Pmax

- 0245w 81, - 0.73§M
D D
where
Prrax = maximum design pressure (in. of water),

= total weight of the shell and any framing (but not
roof plates) supported by the shell and roof (1bf),

M = wind moment (ft-1bf), when wind overturning sta:
bility has been specified by the purchaser in accor-
dancewith 3.11, otherwise M = 0. Anchorage may
be required when the maximum design pressureis

00 combined with the specified load. If overturning

stability has not been specified, the manufacturer

shall report the maximum wind velocity the tank
may withstand without anchorage when combined
with the maximum design pressure.

F.4.3 Astop angle size and roof slope decrease and tank
diameter increases, the design pressure permitted by F4.1
o1 | and F4.2 approaches the failure pressure of F.6 for the roof-
to-shell junction. In order to provide a safe margin between
the maximum operating pressure and the calculated failure
pressure, a suggested further limitation on the maximum
design pressure for tanks with a weak roof-to-shell attach-
ment (frangiblejoint) is:

P oy <0.8P;

m

F.4.4 When the entire tank is completed, it shall be filled
with water to the top angle or the design liquid level, and the

Copyright American Petroleum Institute
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design internal air pressure shdl be applied to the enclosed
space above the water level and held for 15 minutes. The air
pressure shall then be reduced to one-half the design pressure,
and al welded joints abovethe liquid level shall be checked for
leaks by means of a soap film, linseed ail, or another suitable
materia. Tank vents shall be tested during or after thistest.

F.5 Required Compression Area at the
Roof-to-Shell Junction

F.5.1 Where the maximum design pressure has already
been established (not higher than that permitted by F.4.2 or
F.4.3), thetotal required compression area at the roof-to-shell
junction may be calculated from the following equation:

In Sl units:

_ D*(P-0.081,)
" 1.1(tan6)

where

A = tota required compression area at the roof-to-
shell junction (mm2).

In US Customary units:

_ DY(P-81,)
~30,800(tan 6)
where

A = totd required compression area at the roof-to-
shell junction (in.2).

A is based on the nominal materia thickness less any cor-
rosion alowance.

F.5.2 For self-supporting roofs, the compression area shall
not be less than the cross-sectional area calculated in 3.10.5
and 3.10.6.

F.6 Calculated Failure Pressure

In tanks that meet the criteria of 3.10.2.5.1, failure can be
expected to occur when the stress in the compression ring
area reaches the yield point. On this basis, an approximate
formulafor the pressure at which failure of the top compres-
sion ring is expected to occur can be expressed in terms of the

design pressure permitted by F.4.1, asfollows:
In S units:

P;=1.6P—0.047ty,
where

Pf = caculated failure pressure (kPa).
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WELDED STEEL TANKS FOR OIL STORAGE F-5

In US Customary units:

Ps=1.6P 4.8ty
where

Pf = caculated failure pressure (in. of water).

Note: Thisformulais based on failure occurring at ayield stress 220
MPa (32,000 Ibf/in.2). Experience with actual failures indicates that
buckling of the roof-to-shell junction is localized and probably
occurs when the yield point of the materia is exceeded in the com-
pression ring area.

F.7 Anchored Tanks with Design
Pressures up to 18 kPa (21/5 Ibf/in.2)
Gauge

F.7.1 In caculating shell thickness for Appendix F tanks
that are to be anchored to resist uplift due to internal pressure

and when selecting shell manhole thicknessesinTable 3-3jand
flush-type cleanout fitting thicknessess in Table 3-10| H shall
be increased by the quantity P/(9.8G) [P/ —whereH is

the design liquid height, in m (ft), P isthe design pressure kPa
(in. of water), and G is the design specific gravity.

F.7.2 The required compression area at the roof-to-shell
junction of a supported cone roof shall be calculated as in
F.5.1, and the participati ion area at the junction
shall be determined by|Figure F-2{ For dome roofs and self-
supporting cone roofs, the required area and the participating
compression area shall be in accordance with 5.12.4 of AP

Standard 620, except the alowable compressive stress shall
be increased to 140 MPa (20,000 |bf/in.2).

F.7.3 Thedesign and welding of roofs and the design, rein-
forcement, and welding of roof manholes and nozzles shall
be in accordance with API Standard 620. The thickness of a
self-supporting roof shall not be less than that specified in
3.10.50r 3.10.6, as applicable.
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e F.7.4 Thedesign of the anchorage and its attachment to the

tank shall be amatter of agreement between the manufacturer
and the purchaser and shall meet the requirements of 3.12.

[Additional F.7.4 text and Table F-1 deleted.]

F.7.5 The counterbalancing weight, in addition to the
requirements of 3.12, shall be designed so that the resistance
to uplift at the bottom of the shell will be the greatest of the
following:

a. Theuplift produced by 1.5 times the design pressure of the
empty tank (minus any specified corrosion allowance) plus
the uplift from the design wind velocity on the tank.

b. The uplift produced by 1.25 timesthe test pressure applied
to the empty tank (with the as-built thicknesses).

c. The uplift produced by 1.5 times the calculated failure
pressure (P in F.6) applied to the tank filled with the design
liquid. The effective weight of the liquid shall be limited to
the inside projection of the ringwall (Appendix-B type)
from the tank shell. Friction between the soil and the ring-
wall may be included as resistance. When a footing is
included in the ringwall design, the effective weight of the
soil may be included.

F.7.6 After the tank is filled with water, the shell and the
anchorage shall be visually inspected for tightness. Air pres-
sure of 1.25 times the design pressure shall be applied to the
tank filled with water to the design liquid height. The air pres-
sure shall be reduced to the design pressure, and the tank shall
be checked for tightness. In addition, al seams above the
water level shall be tested using a soap film or another mate-
rial suitable for the detection of leaks. After the test water has
been emptied from the tank (and the tank is at atmospheric
pressure), the anchorage shall be checked for tightness. The
design air pressure shall then be applied to the tank for afina
check of the anchorage.

F.7.7 Deleted
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APPENDIX G—STRUCTURALLY SUPPORTED ALUMINUM DOME ROOFS

G.1 General
G.1.1 PURPOSE

This appendix establishes minimum criteria for the design,
fabrication, and erection of structurally supported aluminum
dome roofs. When this appendix is applicable, the require-
ments of 3.10 and the paragraphs in Appendix F that deal
with roof design are superseded. All other requirements of
APl Standard 650 shall apply, except that the operating tem-
perature shall not exceed 90°C (200°F).

G.1.2 DEFINITION

A structurally supported aluminum dome roof isafully tri-
angulated auminum space truss with the struts joined at
points arrayed on the surface of a sphere. Aluminum closure
panels are firmly attached to the frame members. The roof is
attached to and supported by the tank a mounting points
equally spaced around the perimeter of the tank.

G.1.3 GENERAL APPLICATION

G.1.3.1 New Tanks

When this appendix is specified for a new tank, the tank
shall be designed to support the aluminum dome roof. The
roof manufacturer shall supply the magnitude and direction
of al theforces acting on the tank as aresult of the roof loads,
together with details of the roof-to-shell attachment. The tank
shall be designed as an open-top tank, and its wind girder
shall meet the requirements of 3.9. The top of the tank shell
shall be structurally suitable for attachment of the dome roof
structure.

G§1.3.2 Existing Tanks

‘When this appendix is specified for an auminum dome
roof to be added to an existing tank (with or without an exist-
ing roof), the roof manufacturer shall verify that the tank has
sufficient strength to support a new roof. Information on the
existing tank shall be provided by the purchaser. The pur-
chaser shall specify the existing or new appurtenances to be
accommodated by the roof manufacturer. The roof manufac-
turer shall supply the values of the forces acting on the tank as
aresult of the roof loads. The purchaser shall verify the ade-
quacy of the foundations. Unless otherwise specified, any
reinforcement required to enable the tank to support the roof
shall be the responsibility of the purchaser. The design and
erection of the roof shall accommodate the actual tank shape.
The existing tank shall be equipped with a wind girder that
meets the requirements of 3.9 for an open-top tank.
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G.1.3.3 Existing Tank Data Sheet

When an aluminum dome is ordered for an existing tank,
a data sheet shall be completed by the purchaser (see

roc1]

G.1.4 SPECIAL FEATURES
G.1.4.1 Self-Supporting Structure

The auminum dome roof shall be supported only from the
rim of the tank; primary horizontal thrust shall be contained
by an integral tension ring. The design of the connection
between the roof and the tank rim shall alow for thermal
expansion. A minimum temperature range of +70°C (120°F)
shall be used for design unless a wider range is specified by
the purchaser.

G.1.4.2 Finish

Unless otherwise specified, the a uminum dome roof mate-
rials shal have amill finish.

G.1.4.3 Maintenance and Inspection

The roof manufacturer shall provide a maintenance and
inspection manual for roof items that may require mainte-
nance, periodic inspection, or both.

G.2 Materials
G.2.1 GENERAL

Materials furnished to meet the requirements of this appen-
dix shall be new. A complete material specification shall be
submitted by the roof manufacturer for approval by the pur-
chaser. The materials shall be compatible with the product
specified to be stored in the tank and the surrounding environ-
ment. No aluminum alloy with a magnesium content greater
than 3% shall be used when the design temperature of the roof
exceeds 65°C (150°F). Properties and tolerances of aluminum
aloys shall conform to Aluminum Standards and Data, as
published by the Aluminum Association (Washington, D.C.).

G.2.2 STRUCTURAL FRAME

Structural frame members shall be fabricated from 6061-
T6 or a recognized aloy with properties established by the
Aluminum Association, Inc.

G.2.3 ROOF PANELS

Roof panels shall be fabricated from Series 3000 or 5000
auminum with a minimum nomina thickness of 1.20 mm
(0.050in.).
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APl STANDARD 650

JOB NO. ITEM NO.

DATA SHEET FOR A STRUCTURALLY PURCHASE ORDER NO.

SUPPORTED ALUMINUM DOME REQUISITION NO.
ADDED TO AN EXISTING TANK

INQUIRY NO.

pacE 1 oF 1 BY

1.

w

© N o o M

10.
11.
12.

13.
14.
15.
16.
ACTUAL MAXIMUM TANK DIAMETER AT THE TOP OF THE TANK m (ft)
17.
18. LIST ALL APPURTENANCES, OTHER THAN THOSE TO BE REMOVED BY THE PURCHASER, AND INDICATE ACTION REQUIRED OF CONTRACTOR

PURCHASER/AGENT

(INFORMATION TO BE COMPLETED BY THE PURCHASER)

ADDRESS

CITY

STATE ZIP

PHONE

FAX

2. USER

ERECTION SITE: NAME OF PLANT

LOCATION

TANK NO.

PUMPING RATES: IN m3/h (bbl/h)
MAXIMUM DESIGN ROOF TEMPERATURE

ouT m3/h (bbl/h)
[NOT TO EXCEED 90°C (200°F)]

DESIGN PRESSURE: [ ATMOSPHERIC OR
ROOF LOADS: UNIFORM LIVE

kPa (in.) OF WATER (INDICATE WHETHER POSITIVE OR NEGATIVE)
kPa (Ibf/ft2)

SPECIAL (PROVIDE SKETCH)

kPa (Ibf/ft2)

EARTHQUAKE DESIGN: O YES 0O NO
SEISMIC ZONE

ZONE FACTOR (SEE TABLE E-2)

IMPORTANT FACTOR

SNOW LOAD, IF ANY, TO BE COMBINED WITH SEISMIC

WIND LOAD: VELOCITY

kPa (Ibf/ft2)

Km/h (mph)

MAXIMUM HEIGHT FROM TOP OF SHELL TO TOP OF DOME m (ft)

TANK SHELL THICKNESS (ACTUAL)
COURSE MINIMUM
NUMBER THICKNESS

TYPICAL PLATE
THICKNESS WIDTH

ACTUAL TANK STIFFENER DETAILS, POSITION AND DIMENSIONS (PROVIDE SKETCH)

GASES EXPECTED IN THE VAPOR SPACE

REQUIRED FREEBOARD ABOVE TOP OF TANK

mm (in.)

ACTUAL MINIMUM TANK DIAMETER AT THE TOP OF THE TANK m (ft)

ELEVATION OF TOP OF TANK: MAXIMUM

MINIMUM

APPURTENANCE REMOVE

CONTRACTOR ACTION

o

O o0oooooo

ACCOMMODATE
]

Oo0oooogooo

Figure G-1—Data Sheet for a Structurally Supported Aluminum Dome Added to an Existing Tank
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WELDED STEEL TANKS FOR OIL STORAGE G-3
e G.2.4 BOLTS AND FASTENERS Table G-1—Bolts and Fasteners
Fasteners shall be of 7075-T73 duminum, 2024-T4 alumi- A!Iowable X Allowable bShear
num, austenitic stainless steel, or other materials as agreed to Tensile Stress* Stress*b¢
by the purchaser. Only stainless steel fasteners shall be used Materials (MPa)  (kd) (MPa)  (ks)
to attach aluminum to steel. Austenitic stainless steeld 172 250 124 180
Austenitic stainless steel® 234 34.0 172 25.0
G.2.5 SEALANT AND GASKET MATERIAL 2024-T4 aluminum 182 260 109 160
7075-T73 aluminum 201 28.0 120 17.0

G.2.5.1 Sedants shall be silicone or urea urethane com-
pounds that conform to Federal Spec TT-S-00230C unless
another materia is required for compatibility with stored
materials. Sealants shall remain flexible over a temperature
range of —60°C to +150°C (—80°F to +300°F) without tearing,
cracking, or becoming brittle. Elongation, tensile strength,
hardness, and adhesion shall not change significantly with
aging or exposure to ozone, ultraviolet light, or vapors from
the product stored in the tank.

G.2.5.2 Preformed gasket material shall be Neoprene,
silicone, Buna-N, urea urethane, or EPDM elastomer meet-
ing ASTM C 509 or Federa Spec ZZ-R-765C unless
another material is required for compatibility with stored
materials.

G.2.6 SKYLIGHT PANELS

Skylight panels shall be clear acrylic or polycarbonate with
aminimum nominal thickness of 6 mm (0.25in.).

G.3 Allowable Stresses
G.3.1 ALUMINUM STRUCTURAL MEMBERS

Aluminum structural members and connections shall be

00| designed in accordance with the Aluminum Design Manual,

as published by the Aluminum Association, Inc. (Washington,
D.C.), except as modified by this appendix.

G.3.2 ALUMINUM PANELS

Aluminum panels shall be designed in accordance with
Specifications for Aluminum Sheet Metal Work in Building
Construction, as published by the Aluminum Association,
Inc. (Washington, D.C.) and this appendix. Attachment fas-
teners shall not penetrate both the panel and the flange of the
structural member.

00

G.3.3 BOLTS AND FASTENERS

G.3.3.1 The maximum stress in bolts and fasteners for any
design condition shall not exceed the alowable stress given in
Teble G-1.

G.3.3.2 The hole diameter for a fastener shall not exceed
the diameter of the fastener plus 1.5 mm (Y/4gin.).
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@The root-of -thread area shall be used to calculate the strength of
threaded parts.

bFor wind and seismic loads, these values may be increased by one-
third.

CIf the thread areais completely out of the shear area, the cross-
sectional area of the shank may be used to determine the allowable
shear load.

dFor bolts with aminimum tensile strength of 620 MPa (90 ksi).
®For bolts with a minimum tensile strength of 860 MPa (125 ksi).
fFor fasteners not shown above, design shall bein accordance with the
Aluminum Design Manual, as published by the Aluminum Associa
tion, Inc. (Washington, D.C.).

G.4 Design
G.4.1 DESIGN PRINCIPLES

G.4.1.1 The roof framing system shall be designed as a
three-dimensiona space frame or truss with membrane cov-
ering (roof panels) providing loads aong the length of the
individual members. The design must consider the increased
compression induced in the framing members due to the ten-
sion in theroof panels.

G.4.1.2 The actua stresses in the framing members and
panels under al design load conditions shall be less than or
equal to the allowabl e stresses per the Aluminum Design Man-
ual, as published by the Aluminum Association, Inc. (Wash-
ington, D.C.).

G.4.1.3 Loca and genera buckling of the dome roof must
be considered with a minimum factor of safety of 1.65
applied to the buckling equation or method. General buckling
of the dome roof shall be considered either by using non-lin-
ear finite element analysis or the following equation:

In Sl units:;
W= 108.1 x 108/7,4,
’ (SF)LR?
where

W, = dlowabletota dead load, plusliveload in kPa,
Ix = moment of inertia of frame members against bend-
ing in aplane normal to the dome surface in cm?,
Aq = cross sectional area of beamin cm?,
R = spherical radius of the domein cm,

L = average dome beam length in cm,
S = sofety factor (1.65).
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G-4 APl STANDARD 650

In US Customary units:
W= 2258 x 108/1,.4,
(SF)LR®
where

W, = alowabletotal dead load, pluslive load (Ibf/ft2),
Ix = moment of inertia of frame members against bend-
ing in aplane normal to the dome surface (in.%),
Ay = cross sectional area of beam (in.2),
R = gphericd radius of the dome (in.),
L = average dome beam length (in.),
S = sofety factor (1.65).
G.4.1.4 The minimum net tension ring area (exclusive of

bolt holes and member top flange protrusions) shall be deter-
mined per the following formula:

In Sl units:

2
4 = 527D

18]
N tan Bsin P DF’

where

A, = net areaof tension beam, in cm?,
D = nomina tank diameter, in m,
n = number of dome supports,
0 = 1/, the central angle of the dome or roof slope a the
tank shell,
Fi = dlowable stress of the tension ring, in kPa.

In US Customary units:
4 = 11D’
” (1800
r]tanest 0 DF’

where

A, = net areaof tension beam (in.2),
D = nominal tank diameter (ft),
n = number of dome supports,
8 = 1/, the central angle of the dome or roof slope at the
tank shell,
Fy = alowable stress of the tension ring (Ibf/in.2).

In cases where the total dead load plus live load is greater
than 1.34 kPa (28 Ib/ft2), the above formula shall be multi-
plied by the factor W/1.34 (or 28), where W = the total dead
load pluslive load for the dome.

Note: Thisformuladoes not include factors for bending stresses due
to loads from the panel attached to the beam. These stresses must
also be considered in the tension ring design, as per G.3.1.
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G.4.2 DESIGN LOADS
G.4.2.1 Dead Load

The dead load shall be the weight of the roof and all acces-
sories permanently attached to it, including any insulation.
G.4.2.2 Live Load
G.4.2.2.1 Uniform Live Load

The minimum live load shall be a uniform load of 1.2 kPa
(25 Ibf/ft2) of projected area.
G.4.2.2.2 Unbalanced Live Load

The design shall consider one-haf of the uniform load
required per square foot applied to one-haf of the dome with
no live load on the other half.

G.4.2.3 Wind Load

G.4.2.3.1 For dome structura design, the minimum wind
load shall be the load resulting from a design wind velocity of

160 km/h (100 mph) which imposes a dynamic pressure of
1.48 kPa (31 |bf/ft2). unless a different wind loading is speci- Joo
fied by the purchaser. The following pressure coefficients
shall be used:

a Windward quarter =-0.9.
b. Center half =-0.7.
¢. Leeward quarter =-0.5.

For domes designed for wind velocities other than 160 km/h
(200 mph), the wind load shall be adjusted per the following:

0 -

In S units:

(V/160)2
In US Customary units;

(V/100)2
where

V = wind velocity in km/h (mph), as specifiedby ~ Joo
the purchaser.

Note: The reference velocity pressure of 1.48 kPa (31 Ibf/t?) is Joo
based on ASCE 7-93, “Category 1V, Exposure C, with an Impor-
tance Factor of 0.95”

G.4.2.3.2 See 3.11 for tank overturning stability, when
specified by the purchaser.
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G.4.2.4 Seismic Load

If the tank is designed for seismic loads, the roof shall be
designed for a horizontal seismic force determined asfollows:
F=0.6 ZIW;

where
F =

Z,1,andW; areasdefined in Appendix E. Theforce shall
be uniformly applied over the surface of the roof.

horizontal seismic force.

G.4.2.5 Load Combinations
The following load combinations shall be considered:

a Dead load.

Dead load plus uniform live load.

Dead load plus unbalanced live load.

Dead load plus wind load.

Dead load plus uniform live load plus wind load.
Dead |oad plus unbalanced live load plus wind load.
Dead load plus seismic load.

@ o oo0C

If aninternal or external design pressure is specified by the
purchaser, the loads resulting from either of these pressures
shall be added to the load combinations specified in Items a—g
above, and the structure shall be designed for the most severe
loading.

G.4.2.6 Panel Loads

G.4.2.6.1 Roof panels shall be of one-piece aluminum
sheet (except for skylights as allowed by G.8.4) and shall
be designed to support a uniform load of 3 kPa (60 Ibf/ft2)
over the full area of the panel without sustaining permanent
distortion.

G.4.2.6.2 The roof shall be designed to support two con-
centrated loads 1100 N (250 |bf), each distributed over two
separate 0.1 m? (1 ft2) areas of any panel.

G.4.2.6.3 The loads specified in G.4.2.6.1 and G.4.2.6.2
shall not be considered to act smultaneously or in combina-
tion with any other loads.

G.4.3 INTERNAL PRESSURE

Unless otherwise specified by the purchaser, the internal
design pressure shall not exceed the weight of the roof. In
no case shall the maximum design pressure exceed 2.2 kPa
(9 in.) water column. When the design pressure, Ppay, fOr a
tank with an aluminum dome roof is being calculated, the
weight of the roof, including structure, shall be added to the
weight of the shell in the W term in F.4.2, and t}, shall be

G.5 Roof Attachment
G.5.1 LOADTRANSFER

Structural supportsfor the roof shall be bolted or welded to
the tank. To preclude overloading of the shell, the number of
attachment points shall be determined by the roof manufac-
turer in consultation with the tank manufacturer. The attach-
ment detail shall be suitable to transfer all roof loads to the
tank shell and keep local stresses within alowable limits.

G.5.2 ROOF SUPPORTS

The roof attachment points may incorporate a dide bearing
with low-friction bearing pads to minimize the horizontal
radial forcestransferred to the tank. As an alternative, the roof
may be attached directly to the tank, and the top of the tank
analyzed and designed to sustain the horizontal thrust trans-
ferred from the roof, including that from differential thermal
expansion and contraction.

G.5.3 SEPARATION OF CARBON STEEL AND
ALUMINUM

Unless another method is specified by the purchaser, au-
minum shall be isolated from carbon steel by an austenitic
stainless steel spacer or an elastomeric isolator bearing pad.

G.5.4 ELECTRICAL GROUNDING

The auminum dome roof shall be electrically intercon-
nected with and bonded to the steel tank shell or rim. As a
minimum, stainless steel cable conductors 3 mm (Y/gin.) in
diameter shall be installed at every third support point. The
choice of cable shall take into account strength, corrosion
resistance, conductivity, joint reliability, flexibility, and ser-
vicelife.

G.6 Physical Characteristics
G.6.1 SIZES

An auminum dome roof may be used on any size tank
erected in accordance with this standard.

G.6.2 DOME RADIUS

The maximum dome radius shall be 1.2 times the diame-
ter of the tank. The minimum dome radius shall be 0.7 times
the diameter of the tank unless otherwise specified by the
purchaser.

G.7 Platforms, Walkways, and Handrails

Platforms, walkways, and handrails shall conform to 3.8.10
except that the maximum concentrated load on walkways or
stairways supported by the roof structure be 4450 N (1000 Ibf).

01] taken as zero. When wakways are specified to go across the exterior of the
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roof (to the apex, for example), stairways shall be provided on
portions of walkways whose dope is greater than 20 degrees.
Walkways and stairways may be curved or straight segments.

G.8 Appurtenances
e G.8.1 ROOF HATCHES

If roof hatches are required, each hatch shall be furnished
with a curb 100 mm (4 in.) or higher and a positive latching
device to hold the hatch in the open position. The minimum
size of opening shal not be less than 600 mm (24 in.). The
axis of the opening may be perpendicular to the slope of the
roof, but the minimum clearance projected on a horizontal
plane shall be 500 mm (20 in.).

G.8.§2 ROOF NOZZLES AND GAUGE HATCHES

Roof nozzles and gauge hatches shall be flanged at the base
and bolted to the roof panels with an aluminum reinforcing
plate on the underside of the panels. The axis of a nozzle or
gauge hatch shall be vertical. If the nozzle s used for venting
purposes, it shall not project below the underside of the roof

Through fastener —/

Reinforcing plate (Typical)

panel. Aluminum or stainless sted flanges may be bolted
directly to the roof panel, with the joint caulked with sealant.
Steel flanges shall be separated from the aluminum panel by a
gasket (see Figure G-2 for atypical nozzle detail).

G.8.3 ROOF VENTS
(Section replaced by 3.10.8) o1

G.8.4 SKYLIGHTS

G.8.4.1 If skylights are specified by the purchaser, each Jo1
skylight shall be furnished with a curb 200 mm (4 in.) or
higher and shall be designed for the live and wind loads spec-
ified in G.4.2.6. The purchaser shall specify the total skylight
areato be provided.

G.8.4.2 When skylights are specified for tanks without
floating roofs or for floating roof tanks which are sealed and

gas blanketed (not provided with circulation venting per |,
H.5.2.2.1 & H.5.2.2.2), the purchaser shall consider skylight
material compatibility with exposure to elevated concentra-
tions of the stored product.

/ Nozzle

/ Flanged base

/Dome panel

Figure G-2—Typical Roof Nozzle
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e G.9 Sealing at the Shell

The roof need not be sealed to the tank shell unless speci-
fied by the purchaser or required to contain internal pressure.
The bottom of the flashing shall extend at least 50 mm (2 in.)
below the top of the tank. Corrosion-resistant coarse-mesh
screen [13 mm (Y5 in.) openings] shall be provided to prevent
the entrance of birds.

G.10 Testing
G.10.1 LEAKTESTING

G.10.1.1 After completion, the roof seams shall be leak
tested by spraying the outside of the seams with water from a
hose with a minimum static head pressure 350 kPa (50 Ibf/
in2) gauge a the nozzle. Because of possible corrosive
effects, consideration shall be given to the quality of the water
used and the duration of the test. Potable water shall be used
unless otherwise specified. The water shall not be sprayed
directly on roof vents. Any water on the inside of the roof
shall constitute evidence of leakage.

G.10.1.2 Where gastight roofs are required, leak testing
may be accomplished in accordance with F.4.4 or F.7.6 or by
another means acceptable to the roof manufacturer and the
purchaser.

G.10.1.3 Any leaks discovered during testing shal be
sealed, and the roof shall be retested until all leaks are sealed.

G.11 Fabrication and Erection
G.11.1 GENERAL

The dome contractor shall perform the work described in
this appendix using qualified supervisors who are skilled and
experienced in the fabrication and erection of aluminum
structures.

G.11.2 FABRICATION

All roof parts shall be prefabricated for field assembly.
Fabrication procedures shall be in accordance with Section 6
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of AA AS-GSD-516169 All structural shapes used to make
the roof shall be punched or drilled before any shop coating
isapplied.

G.11.3 WELDING

The design and fabrication of welded aluminum parts
shall be in accordance with the Aluminum Design Manual:
Soecifications for Aluminum Structures and AWS D1.2. All
aluminum structural welds and components joined by weld-
ing shall be visually inspected and tested by dye-penetrant
examination in accordance with Section 6, Part D, of AWS
D1.2. All structural welding of auminum shall be per-
formed before the dome is erected in the field. A full set of
satisfactory examination records shall be delivered to the
owner before field erection.

G.11.4 SHIPPING AND HANDLING

Materials shall be handled, shipped, and stored in a manner
that does not damage the surface of aluminum or the surface
coating of stedl.

G.11.5 ERECTION

The erection supervisor shall be experienced in the con-
struction of aluminum dome roofs and shall follow the manu-
facturer’s ingtructions and drawings furnished for that
purpose.

G.11.6 WORKMANSHIP

To minimize internal stresses on the structure when fas-
teners are tightened, the roof shall be installed on supports
that are in good horizontal alignment. The components of
the structure shall be erected with precise fit and alignment.
Field cutting and trimming, relocation of holes, or the
application of force to the parts to achieve fit-up is not
acceptable.
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APPENDIX H—INTERNAL FLOATING ROOFS

«H.1 Scope

This appendix provides minimum requirements that apply
to atank with an internal floating roof and afixed roof at the
top of the tank shell, and to the tank appurtenances. This
appendix isintended to limit only those factors that affect the
safety and durability of the installation and that are consid-
ered to be consistent with the quality and safety requirements
of this standard. Types of internal floating roofs (listed under
H.2) and materids (listed under H.3) are provided as a basic
guide and shall not be considered to restrict the purchaser
option of employing other commonly accepted or aternative
designs, as long as dl design loading is documented to meet
the minimum requirements herein, and al other criteria are
met (except aternative materials and thicknesses as permitted
by H.3.1). The requirements apply to theinternal floating roof
of a new tank and may be applied to an existing fixed-roof
tank. Section 3.10 of this standard is applicable, except as
modified in this appendix.

H.2 Types

o EH.2.1 The internal floating roof type shall be selected by

the purchaser after consideration of both proposed and future
product service, operating conditions, maintenance require-
ments, regulatory compliance, service life expectancy, ambi-
‘ent temperature, design temperature, product vapor pressure,
'Corrosion conditions and other compatibility factors. Other
operating conditions requiring consideration include (but are
not limited to) anticipated pumping rates, roof landing cycles,
and the potential for turbulence resulting from upsets, such as
vapor dugs injected into the tank. Safety and risk factors
associated with the roof types shall aso be evaluated. 20

H.2.2 The following types of interna floating roofs are
described in this appendix:

a Metallic pan internal floating roofs?122 have a peripheral
rim above the liquid for buoyancy. These roofsarein full con-
tact with the liquid surface and are typically constructed of
stedl.

b. Metallic open top bulk-headed internal floating roofs?2
have periphera open-top bulk-headed compartments for

DInternal floating roof tanks generally have reduced fire risk, and
the use of fixed fire suppression systems is often not mandatory. Var-
ious internal floating roof materials will have unique flammability
characteristics, melting points and weights (perhaps with reduced
buoyancy being required). If fire suppression systems are used, cer-
tain roof types need to be evaluated for full surface protection. NFPA
11 can provide guidance for this evaluation.

21The Purchaser should note that this design does not have multiple
flotation compartments necessary to meet the requirements of
H.4.24.
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buoyancy. Distributed open-top bulk-headed compartments
shall be used as required. These roofs are in full contact with
the liquid surface and are typically constructed of steel.

c. Metadlic pontoon interna floating roofs have peripheral
closed-top bulk-headed compartments for buoyancy. Distrib-
uted closed-top bulk-headed compartments shall be used as
required. These roofs are in full contact with the liquid sur-
face and are typically constructed of stedl.

d. Metdllic double-deck internal floating roofs have continu-
ous closed top and bottom decks which contain bulk-headed
compartments for buoyancy. These roofs are in full contact
with the liquid surface and are typically constructed of steel.

e. Metallic internal floating roofs on floats have their deck
above the liquid, supported by closed pontoon compartments
for buoyancy. Theseroof decks are not in full contact with the
liquid surface and are typicaly constructed of auminum
aloysor stainless steel.

f. Metallic sandwich-panel internal floating roofs have
metallic panel modules for buoyancy compartments. Panel
modules may include a honeycomb core; however, cell walls
within the panel module are not considered “compartments’
for purposes of inspection and design buoyancy requirements
(see H.4.1.7 and H.4.2.4)23. These roofs are in full contact
with the liquid surface and are typically constructed of alumi-
num alloys.

g. Hybrid interna floating roofs shall, upon agreement
between the purchaser and the manufacturer, be a design
combination of roof types described in H2.2.b and H2.2.c,
having bulkhead compartments with closed-top perimeter
pontoon and open-top center compartments for buoyancy.
These roofs are in full contact with the liquid surface and are
typically constructed of steel.

H.3 Material

H.3.1 Internal floating roof materials shall be selected by
the purchaser after consideration of items listed under
H.2.1. The manufacturer shall submit a complete material

22These designs contain no closed buoyancy compartments, and are
subject to flooding during sloshing or during application of fire
fighting foam/water solution. Also, without bracing of the rim being
provided by the pontoon top plate, design to resist buckling of the
rim must be evaluated. These types are considered a fixed roof tank
(i.e, having no interna floating roof) for the siting requirements of
NFPA 30.

23/ single inspection opening per panel moduleis permitted, regard-
less of core material; however, core materias producing enclosed
spaces within a module may result in undetectable combustible gas
in areasisolated from the inspection opening. Design buoyancy shall
be based on the loss of any two full panel modules (not cells within
modules).
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specification in his proposal. The choice of materias
should be governed by compatibility with the specified lig-
uid. Material produced to specifications other than those
listed in this appendix (alternative materials) may be used.
Material shall be certified to meet all the requirements of a
material specification listed in this appendix, and approved
by the purchaser or shall comply with requirements as
specified by the purchaser. When specified by the pur-
chaser, a corrosion alowance shall be added to the mini-
mum nominal thickness indicated below. The “nominal
thickness’ is the purchased thickness with allowance for
the permissible mill tolerance.

H.3.2 STEEL

Steel shall conform to the requirements of Section 2 of this
standard. Steel in contact with vapor or liquid shall be 5 mm
(3/16in.) minimum nominal thickness. Other stedl shall be 2.5
mm (0.094 in.) minimum nominal thickness.

H.3.3 ALUMINUM

Aluminum shall conform to the requirements of Section 2
of ASME B96.1. Aluminum skin shall be 0.51 mm (0.020in.)
minimum nominal thickness. Aluminum floats shall be 1.3
mm (0.050 in.) minimum nominal thickness. For a sandwich
panel flotation unit, core material shall be at least 25 mm (1.0
in.) thick, and metallic skin (except carbon steel) shall be 0.41
mm (0.016 in.) minimum nominal thickness.

H.3.4 STAINLESS STEEL

Stainless steel shall conform to the requirements of ASTM
A 240/A 240M (austenitic type only). Stainless steel skin
shall be 0.46 mm (0.018 in.) minimum nomina thickness.
Stainless stedl floats shall be 1.2 mm (0.048 in.) minimum
nominal thickness.

H.4 Requirements for All Types
H.4.1 GENERAL

H.4.1.1 Aninterna floating roof and its accessories shall
be designed and constructed to alow the roof to operate
throughout its normal travel without manua attention and
without damage to any part of the fixed roof, the interna
floating roof, internal floating roof seals (except for normal
wear), the tank, or their appurtenances. The internal floating
roof and seals shall be designed to operate in a tank con-
structed within the dimensional limits defined in Section 5.5
of this standard.

H.4.1.2 The internal floating roof shall be designed and
built to float and rest in a uniform horizontal plane (no drain-
age dope required).
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H.4.1.3 All seams in the interna floating roof that are
exposed to product vapor or liquid shall be vapor tight in
accordance with H.4.3.1.

H.4.1.4 A vapor tight rim (or skirt), extending at least 150
mm (6 in.) above the liquid at the design flotation level, shall
be provided around both the interna floating roof periphery
and around al internal floating roof penetrations (columns,
ladders, stilling wells, manways, open deck drains and other
roof openings).

H.4.1.5 The non-contact type (H.2.2.€) interna floating
roof shall have a vapor-tight rim (or skirt), extending at least
100 mm (4 in.) into the liquid at the design flotation level,
around both the internal floating roof periphery and around
dl interna floating roof penetrations (columns, ladders, still-
ing wells, manways, open deck drains and other roof open-
ings), with the exception of penetrations for pressure-vacuum
(bleeder) vents (per H.5.2.1).

e H.4.1.6 All conductive parts of the interna floating roof

shall be eectrically interconnected and bonded to the outer
tank structure. This may be accomplished by electric bonding
shuntsin the seal area (a minimum of four, uniformly distrib-
uted) or flexible cables from the externa tank roof to the
internal floating roof (a minimum of two, uniformly distrib-
uted). The choice of bonding devices shall be specified by the
purchaser, considering strength, corrosion resistance, joint
reliability, flexibility, and servicelife.

H.4.1.7 Each compartment shall be capable of being field-
inspected for the presence of combustible gas. Inspection
openings shall be located above the liquid level and closed
compartments shall be capable of being resealed in the field
after periodic inspection (to prevent liquid or vapor entry).
Closed-top compartments (types H.2.2.c, d, and g) shal be
accessible from the top of the internd floating roof and pro-
vided with a secured and gasketed manhole for visual internal
inspection and the manhole cover shall be provided with a
suitable vent. The top edge of the manhole shall extend a
minimum of 25mm (1 in.) above the top of the pontoon rim/
skirt.

e H.4.1.8 All closed flotation compartments shall be sed

welded to prevent liquid or vapor entry, unless otherwise
specified by the purchaser. For pontoon, double-deck and
hybrid interna floating roofs (types H.2.2.c, d, and g),
included with seal welding the flotation compartment, the top
edge of each bulkhead shall also be provided with a continu-
ous seal weld so that the top edge is liquid and vapor tight.

H.4.1.9 For metallic sandwich-pane roofs (type H.2.2.f), if
the use of adhesivesis alowed by the purchaser (per H.4.3.4)
to seal the flotation panels (in lieu of welding), all exposed
adhesives shall be compatible with the product service and
flotation test water (purchaser shall consider future product
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service, the hydrogtatic test condition, and design condition
changes to specify adhesive compatibility).

H.4.1.10 When specified by the purchaser for deck sur-
faces above the liquid level, deck drains shall be provided to
return any spillage or condensate to the product. Such drains
shall close automatically or extend at least 100 mm (4 in.)
into the product to minimize vapor loss.

H.4.1.11 Interna floating roofs classified as full contact
types (see H.2.2) shall be designed to minimize trapped vapor
space beneath the internal floating roof.

H.4.2 INTERNAL FLOATING ROOF DESIGN

H.4.2.1 All interna floating roof design calculations shall
be based on the lower of the product specific gravity or 0.7 (to
allow for operation in a range of hydrocarbon service),
regardless of any higher specific gravity that might be speci-
fied by the purchaser.

H.4.2.2 The internal floating roof shall be designed to
safely support at least two men (2.2 kN [500 Ibf] over 0.1 m?
[1 ft2]) walking anywhere on the roof while it is floating or
resting on its supports without damaging the floating roof and
without alowing product on the roof. If specified by the pur-
chaser, the concentrated load design criteria may be modified
for roofs less than 9 m (30 ft.) diameter (where internal float-
ing roofs may become unstable), to account for access needs,
and expected concentrated live loads.

H.4.2.3 All internal floating roofs shall include buoyancy
required to support at least twice its dead weight (including
the weight of the flotation compartments, seal and all other
floating roof and attached components), plus additional buoy-
ancy to offset the calculated friction exerted by peripheral and
penetration seals during filling.

H.4.2.4 All internal floating roofs with multiple flotation
compartments shall be capable of floating without additional
damage after any two compartments are punctured and
flooded. Designs which employ an open center deck in con-
tact with the liquid (types H.2.2.b, ¢, and g) shall be capable
of floating without additional damage after any two compart-
ments and the center deck are punctured and flooded.

H.4.2.5 Interna floating roof supports and deck structura
attachments (such as reinforcing pads and pontoon end gus-
sets) shall be designed to support the full dead load of the
internal floating roof (including all components, such as seals
and accessories) plus auniform live load of 0.6 kPa (12.5 Ibf/
ft2) over the internal floating roof deck surface while the
internal floating roof is resting on its supports. This uniform
live load may be reduced to 0.24 kPa (5 Ibf/ft?) if the floating
roof is equipped with operable drains or other means of auto-
matically preventing an accumulation of liquid. Consider-
ation shall aso be made for non-uniform support settlement/
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load distribution, based on anticipated conditions specified by
the purchaser.

e H4.2.6 Cdculations for both the floating and supported
condition, considering internal floating roof deflections and
stresses for each of the load conditions required by this
appendix, shall be performed and reported to the purchaser,
when specified. All calculations for the floating condition
shall be based upon the design specific gravity (per H.4.2.1).

H.4.2.7 Themanufacturer shal specify theinterna floating
roof weight and total flotation displacement provided based
on aflotation level for design specific gravity per H.4.2.1.

H.4.2.8 Aluminum |load carrying members, assemblies and
connections shall comply with the design requirements of the
latest edition of the “Aluminum Design Manual: Specifica-
tion for Aluminum Structures,” as published by the Alumi-
num Association, Inc. (Washington, DC).

e H4.29 Sted structura components shall be proportioned

50 that the maximum stresses shall not exceed the limitations
specified in the latest edition of the “Manual of Steel Con-
struction, Allowable Stress Design,” as published by the
American Ingtitute of Steel Construction (Chicago, IL). For
other steel components, the allowable stress and stability
requirements shall be jointly established by the purchaser and
the manufacturer, as part of the inquiry. Alternatively, a proof
test (ssmulating the conditions of H.4.2) may be performed on
the roof or on one of similar design.

H.4.3 JOINT DESIGN

e H4.3.1 All seamsin the floating roof exposed directly to

product vapor or liquid shall be welded, bolted, screwed, riv-
eted, clamped, or sealed and checked for vapor tightness per
H.6.2.

H.4.3.2 Welded joints between stainless steel members and
welded joints between carbon steel members shall conform to
Section 3.1 of this standard. Welded joints between aluminum
members shall conform to Section 3.1 of ASME B96.1.

H.4.3.2.1 Singlewelded butt joints without backing are
acceptable for flotation units where one side isinaccessible.

H.4.3.2.2 Fillet welds on material lessthan 5 mm (3/1gin.)
thick shall not have a thickness less than that of the thinner
member of the joint.

e H.4.3.3 Bolted, threaded, and riveted joints are acceptable

when mutually agreed upon by the purchaser and the manu-
facturer.

e H4.3.3.1 Only austenitic type stainless steel hardware

shall be used to join aluminum and/or stainless steel compo-
nents to each other or to carbon steel. Where acceptable to the
purchaser and the manufacturer, aluminum hardware may be
used to join aluminum components. Aluminum shall be iso-
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lated from carbon steel by an austenitic stainless steel spacer,
an elastomeric pad, or equivalent protection.

H.4.3.4 Use of any joint sealing compound, insulating
material, elastomer or adhesive must be pre-approved by the
purchaser. The joining procedure along with test results dem-
ongtrating the properties required by this paragraph shall be
described completely. Where such joints are permitted, any
joint sealing compound, insulating material, elastomeric or
adhesive shall be compatible with the product stored, speci-
fied service conditions, and with materials joined. Resulting
joints shall be equivalent in serviceability (with the basic
floating roof components), of a size and strength that will
accept the roof design loads without failure or leakage, and
shall have an expected life equal to the service life of the roof.

H:.4.3.5 If specified by the purchaser, all steel plate seams
exposed to the product liquid or vapor shall be seal welded
(for corrosive service conditions).

H.4.4 PERIPHERAL SEALS

H.4.4.1 A peripheral seal (also referred to as “rim sed”)
that spans the annular space between the interna floating roof
deck and the shell shall be provided. When an interna float-
ing roof has two such devices, one mounted above the other,
the lower is the primary peripheral sea and the upper is the
secondary peripheral seal. When there is only one such
device, itisaprimary peripheral seal, regardless of its mount-
ing position

H.4.4.2 The peripherd sea type and materia shal be
selected by the purchaser after consideration of both pro-
posed and future product service, tank shell construction/con-
dition, maintenance requirements, regulatory compliance,
service life expectancy, ambient temperature, design tempera-
ture, permeability, abrasion resistance, discoloration, aging,
embrittlement, flammability, and other compatibility factors.
The various sed types (listed H.4.4.5) will have variable life
expectancy and service limitations.

H.4.4.3 All periphera seals and their attachment to the
floating roof shall be designed to accommodate +100 mm (4
in.) of local deviation between the floating roof and the shell.

H.4.4.4 The sedl materid may be fabricated in sections
resulting in seams, but any such seam shall be joined or other-
wise held tightly together along the entire seam. For periph-
eral seals that use a fabric material to effect the seal, the
requirement in the preceding sentence applies only to the fab-
ric and not to any support devices.

H.4.4.5 Seal Types

a Liquid-mounted rim seal: Means aresilient foam-filled or
liquid-filled primary rim seal mounted in a position resulting
in the bottom of the seal being normally in contact with the
stored liquid surface. This seal may be a flexible foam (such
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as polyurethane foam in accordance with ASTM D 3453) or
liquid contained in a coated fabric envelope. Circumferential
joints on liquid-mounted peripheral seals shall be liquid tight
and shall overlap at least 75 mm (3 in.). The material and
thickness of the envelope fabric shall be determined after the
factors given in H.4.4.2 are considered.

b. Vapor-mounted rim seal: Means a peripheral sea posi-
tioned such that it does not normally contact the surface of the
stored liquid. Vapor-mounted peripheral seals may include,
but are not limited to, resilient-filled seals (similar in design
to liquid-mounted rim seals per H.4.4.5.3), secondary
mechanical shoe type (similar in design to shoe seals per
H.4.4.5.c) and flexible-wiper seals. Flexible-wiper seal means
arim seal comprised of a blade of flexible material such as
extruded rubber or synthetic rubber, with or without a rein-
forcing cloth or mesh.

¢. Mechanical shoe (metallic shoe): Means a periphera sed
that utilizes a light-gauge metallic band as the diding contact
with the shell and a fabric sedl to close the annular space
between the metallic band and the rim of the floating roof
deck. The band is typically formed as a series of sheets
(shoes) that are overlapped or joined together to form aring
and held against the shell by a series of mechanical devices.
Galvanized shoes shall conform to ASTM A 924 and shall
have a minimum nominal thickness of 1.5 mm (16 gauge)
and a G90 coating. Stainless steel shoes shal conform to
H.3.4, and shall have a minimum nominal thickness of 1.2
mm (18 gauge). The primary shoes shall extend at least 150
mm (6 in.) above and at least 100 mm (4 in.) into the liquid at
the design flotation level.

H.4.5 ROOF PENETRATIONS

Columns, ladders, and other rigid vertical appurtenances
that penetrate the deck shall be provided with a seal that will
permit aloca deviation of +125 mm (5 in.). Appurtenances
shall be plumb within atolerance of £75 mm (x3in.).

H.4.6 ROOF SUPPORTS

e H.4.6.1 Thefloating roof shal be provided with adjustable

supports, unless the purchaser specifies fixed supports.

e H.4.6.2 Unless specified otherwise, the height of the float-

ing roof shall be adjustable to two positions with the tank in
service. The design of the supports shall prevent damage to
the fixed roof and floating roof when the tank is in an over-
flow condition.

e H.4.6.3 Thepurchaser shall specify clearance requirements

to establish the low (operating) and high (maintenance) levels
of the roof supports. The purchaser shall provide data to
enable the manufacturer to ensure that al tank appurtenances
(such as mixers, interior piping, and fill nozzles) are cleared
by the roof initslowest position.
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in.4.6.4 Support attachments in the deck area shal be
‘designed to prevent failure at the point of attachment. On the
bottom of the steel welded deck plates (used on types H.2.2.

a b, ¢, d, and g), where flexure is anticipated adjacent to sup-
ports or other relatively rigid members, full-fillet welds not
less than 50 mm (2 in.) long on 250 mm (10 in.) centers shall
be used on any plate laps that occur within 300 mm (12 in.) of
any such support or member.

H.4.6.5 Supports shall be fabricated from pipe, unless
cable or another type is specified and approved by the pur-
chaser. Supports fabricated from pipe shall be notched or per-
forated at the bottom to provide drainage.

H.4.6.6 Sted pads or other means shall be used to distrib-
ute the loads on the bottom of the tank and provide a wear
surface. With the purchaser’s approval, pads may be omitted
if the tank bottom will support the live load plus the dead load
of the floating roof. If pads are used, they shall be continu-
ously welded to the tank bottom.

H.4.6.7 Aluminum supports shal be isolated from carbon
steel by an austenitic stainless steel spacer, an elastomeric
bearing pad, or equivalent protection, unless specified other-
wise by the purchaser.

H.4.6.8 Specia protective measures (corrosion allowance,
material selection, coatings) are to be evaluated for supports
that interface with dratified product bottoms, which may
include corrosive contaminant combinations not found in the
normal product. The purchaser shall specify if any protective
measures are required.

H.5 Openings and Appurtenances
H.5.1 LADDER

H.5.1.1 The tank interior is considered a confined space
environment with restricted access (see API Recommended
Practice 2026). If specified by the purchaser, the tank shall be
supplied with a ladder for interna floating roof deck access.
If aladder is not supplied and the floating roof is not stedl, a
ladder landing pad shall be provided on the floating roof.

H.5.1.2 The ladder shall be designed to alow for the full
travel of theinternal floating roof, regardless of any settling of
the roof supports.

H.5.1.3 The ladder shal be instaled within a fixed-roof
manway, per H.5.5.1.

H.5.1.4 If alevel-gauge stilling well is provided, the well
may form one or both legs of the ladder, as specified by the
purchaser.

H.5.1.5 Theladder shall not be attached to the tank bottom
unless provision is made for vertical movement at the upper
connection.

Copyright American Petroleum Institute
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H.5.2 VENTS

Internal Floating Roof Pressure-Vacuum
(Bleeder) Vents

Vents suitable to prevent overstressing of the roof deck or
seal membrane shall be provided on the floating roof. These
vents shall be adequate to evacuate air and gases from
undernesath the roof such that the internal floating roof is not
lifted from resting on its supports during filling operations,
until floating on the stored liquid. The vents shall also be
adequate to release any vacuum generated underneath the
roof after it settles on its supports during emptying opera-
tions. The purchaser shall specify filling and emptying rates
so that the manufacturer can size the vents. Leg activated
vents shall be adjustable as required per H.4.6.

H.5.2.2 Tank Circulation Vents

H.5.2.2.1 Periphera circulation vents shall be located on
the tank roof (unless otherwise specified by the purchaser)
and meet the requirements of H.5.3.3, so that they are above
the seal of the internal floating roof when the tank is full.
The maximum spacing between vents shall be 10 m (32 ft),
based on an arc measured at the tank shell, but there shall
not be fewer than four equally spaced vents. The venting
shall be distributed such that the sum of the open areas of
the vents located within any 10 m (32 ft) interval is at least
0.2 m? (2.0 ft?). The total net open area of these vents shall
be greater than or equal to 0.06 m?/m (0.2 ft#ft) of tank
diameter. These vents shall be covered with a corrosion-
resistant coarse-mesh screen [13 mm (1/, in.) openings] and
shall be provided with weather shields (the closed area of
the screen must be deducted to determine the net open vent
area).

H.5.2.2.2 A center circulation vent with a minimum net
open area of 30,000 mm? (50 in.2) shall be provided at the
center of the fixed roof or at the highest elevation possible on
the fixed roof. It shall have a weather cover and shall be pro-
vided with a corrosion-resistant coarse-mesh screen (the
closed area of the screen must be deducted to determine the
net open vent area).

H.5.2.2.3 If circulation vents (per H.5.221 and
H.5.2.2.2) are not installed, gas blanketing or another
acceptable method to prevent the development of a combus-
tible gas mixture within the tank is required. Additionally,
the tank shall be protected by pressure-vacuum vents in
accordance with 3.10.8, based on information provided by
the purchaser.

H.5.3 LIQUID-LEVEL INDICATION AND
OVERFLOW SLOTS

H.5.3.1 The purchaser shall provide appropriate alarm
devices to indicate arise of the liquid in the tank to a level
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above the normal and overfill protection levels (see NFPA
30 and APl Recommended Practice 2350). Overflow slots
shall not be used as a primary means of detecting an overfill
incident.

H.5.3.2 Theinternal floating roof manufacturer shall pro-
vide information defining the internal floating roof and seal
dimensiona profile for the purchasers determination of the
maximum normal operating and overfill protection liquid lev-
els (considering tank fixed roof support, overflow slots or any
other top of shell obstructions). The floating roof manufac-
turer shall provide the design flotation level (liquid surface
elevation) of the internal floating roof at which the pressure/
vacuum relief vents will begin to open (to facilitate the pur-
chasers' determination of minimum operating levels).

H.5.3.3 Theuse of emergency overflow dots shall only be
permitted if specified by the purchaser. When emergency
overflow slots are used, they shall be sized to discharge at
the pump-in rates for the tank. The greater of the product
specific gravity or 1.0 shall be used to determine the over-
flow dlot position so that accidental overfilling will not dam-
age the tank or roof or interrupt the continuous operation of
the floating roof. Overflow discharge rates shall be deter-
mined by using the net open area (less screen) and using a
product level (for determining head pressure) not exceeding
the top of the overflow opening. The overflow slots shal be
covered with a corrosion-resistant coarse-mesh screen [13
mm (Y5 in.) openings] and shall be provided with weather
shields (the closed area of the screen must be deducted to
determine the net open area). The open area of emergency
overflow slots may contribute to the peripheral venting
requirement of H.5.2.2.1 provided that at least 50 percent of
the circulation-vent area remains unobstructed during emer-
gency overflow conditions. The floating-roof seal shall not
interfere with the operation of the emergency overflow
openings. Overflow slots shall not be placed over the stair-
way or nozzles unless restricted by tank diameter/height or
unless overflow piping, collection headers, or troughs are
specified by the purchaser to divert flow.

H.5.4 ANTIROTATION AND CENTERING DEVICES

The interna floating roof shall be centered and restrained
from rotating. A guide pole with rollers, two or more sea
centering cables or other suitable device(s) shall be provided
as required for this purpose. The internal floating roof shall
not depend solely on the peripheral seals or vertical penetra-
tion wells to maintain the centered position or to resist rota-
tion. Any device used for either purpose shal not interfere
with the ability of the internal floating roof to travel within
the full operating elevationsin accordance with H.4.1.1.

Copyright American Petroleum Institute
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H.5.5 MANHOLES AND INSPECTION HATCHES

H.5.5.1 Fixed-Roof Manholes

At least one fixed roof manhole, with a nominal opening
of 600 mm (24 in.) or larger, shall be provided in the fixed
roof for maintenance ventilation purposes. If used for access
to the tank interior, the minimum clear opening shall be
750mm (30in.).

H.5.5.2 Floating-Roof Manholes

At least one internal floating roof deck manhole shal be
provided for access to and ventilation of the tank when the
floating roof is on its supports and the tank is empty. The
manhole shall have a nominal opening of 600 mm (24 in.) or
larger and shall be provided with a bolted or secured and gas-
keted manhole cover. The manhole neck dimensions shall
meet the requirements of H.4.1.4 and H.4.1.5.

Inspection Hatches

When specified by the purchaser, inspection hatches shall
be located on the fixed roof to permit visual inspection of the
seal region. The maximum spacing between inspection
hatches shall be 23 m (75 ft), but there shall not be fewer than
four equally spaced hatches. Designs that combine inspection
hatches with tank-shell circulation vents (located on the tank
roof) are acceptable.

INLET DIFFUSER

Purchaser shall specify the need for an inlet diffuser sized
to reduce the inlet velocity to less than 1 m (3 ft) per second
during initia fill per APl Recommended Practice 2003. Pur-
chaser shall provide pumping rates and any blending, pigging
and recirculation data along with theinlet diameter, for manu-
facturers determination of the diffuser design and size.

e H5.7 GAUGING AND SAMPLING DEVICES

When specified by the purchaser, the fixed roof and the
internal floating roof shall be provided with and/or accommo-
date gauging and sampling devices.

e H5.8 CORROSION GAUGE

When specified by the purchaser, a corrosion gauge for the
internal floating roof shall be provided adjacent to the ladder
to indicate the general corrosion rate.

H.6 Fabrication, Erection, Welding,
Inspection, and Testing

H.6.1 Theapplicable fabrication, erection, welding, inspec-
tion, and testing requirements of this standard shall be met.
Upon the start of internal floating roof installation, or concur-
rent with assembly within atank under construction, the tank
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(interior shell and vertical components) shall be inspected by
the floating roof erector, unless otherwise specified. The pur-
pose of this inspection shall be to confirm plumbness of al
interior components, along with roundness and the condition
of the shell (for the presence of damage, projections, or
obstructions) to verify that the floating roof and sedls will
operate properly. Any defects, projections, obstructions or
tank tolerance limits (exceeding those defined in Section 5.5
of this standard), which would inhibit proper interna floating
roof and seal operation, that are identified by the internal
floating roof erector shall be reported to the purchaser.

H.6.2 Deck seams and other joints that are required to be
liquid tight or vapor tight per H.4.1.3 shall be tested by the
joint assembler for leaks. Joint testing shall be performed by
means of penetrating oil or another method consistent with
those described in this standard for testing cone-roof and/or
tank-bottom seams, or by any other method mutually agreed
upon by the purchaser and the manufacturer.

H.6.3 Upon assembly and prior to aflotation test, the erec-
tor shall inspect to verify that the peripheral seal produces an
acceptabl e fit against the tank shell.

Copyright American Petroleum Institute
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e H.6.4 A flotationtest and initial fill inspection shall be con-
ducted by the purchaser. This test may be performed or wit-
nessed by the erector, as subject to agreement with the
purchaser.

e H.6.4.1 Interna floating roofs in accordance with H.5.1
typesH.2.2.a, b, ¢, d, and g. shall be given aflotation test on
water. Interna floating roofs in accordance with typesH.2.2.e
and H.2.2.f shall be given aflotation test on water or product
at the option of the purchaser. During thistest, the roof and all
accessible compartments shall be checked to confirm that
they are free from leaks. The appearance of a damp spot on
the upper side of the part in contact with the liquid shall be
considered evidence of leakage.

e H.6.4.2 During initia fill the internal floating roof should

be checked to confirm that it travels freely to its full height.
The peripheral seal shall be checked for proper operation
throughout the entire travel of the internal floating roof.

e H.6.4.3 Because of possible corrosive effects, consider-

ation shall be given to the quality of water used and the dura
tion of the test. Potable water is recommended. For aluminum
or stainless steel floating roofs, S.4.10 shall be followed.
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APPENDIX —UNDERTANK LEAK DETECTION AND SUBGRADE PROTECTION

.1 Scope and Background

[.1.1 This appendix provides acceptable construction
details for the detection of product leaks through the bottoms
of aboveground storage tanks, and provides guidelines for
tanks supported by grillage.

Note: APl supports a general position of installation of a Release
Prevention Barrier (RPB) under new tanks during initial construc-
tion. An RPB includes steel bottoms, synthetic materials, clay liners,
and al other barriers or combination of barriers placed in the bottom
of or under an aboveground storage tank, which have the following
functions: (a) preventing the escape of contaminated materia, and
(b) containing or channeling released material for leak detection.

[.1.2 Several acceptable construction details are provided
for detection of leaks through the tank bottom and details for
tanks supported by grillage (seg Figures T-1] throug.
Alternative details or methods may be used if agreed upon by
the tank owner and manufacturer, provided the details or
methods satisfy the requirements of 1.2.

[.1.3 The tank owner shall determine whether the under-
tank areaisto be constructed for leak detection. If leak detec-
tion is required, the owner shall specify the method or
methods to be employed.

[.1.4 The bottoms of aboveground storage tanks may leak
as a result of topside corrosion, bottomside corrosion, or a
combination of both. The extent of topside corrosion can be
detected using standard inspection techniques during an inter-
nal inspection, but determining the nature and extent of bot-
tomside corrosion is more difficult. Therefore, in certain
services and tank locations, it may be desirable to provide for
undertank monitoring of leakage through the tank bottom
plates.

Flexible membrane liner

[.1.5 For additiona information on the use of internal lin-
ingsto prevent internal bottom corrosion, refer to APl Recom-
mended Practice 652. Similarly, refer to APl Recommended
Practice 651 for guidelines and requirements relating to pre-
venting corrosion from the underside of the bottom plate.

[.1.6  When the appropriate tank foundation design is being
selected, it is important to consider the environmental and
safety regulatory implications of leakage of tank contentsinto
the containment space below the tank floor. Specifically, the
contamination of permeable material such as sand used as a
floor support may constitute the generation of a hazardous
waste. The treatment or disposal costs of such contaminated
material must be determined.

[.1.7 The requirements for secondary containment as it
relates to diked areas and impoundments are not within the
scope of this appendix.

.2 Performance Requirements

The following genera requirements shall be satisfied for
all leak detection systems:

a Lesks through the tank bottom shall be detectable by
observation at the tank perimeter. If aleak is detected, it shall
be collected.

b. The use of electronic sensors for the detection of vapors
and liquids is acceptable; however, the requirements of Item a
above shall be satisfied. Any such sensor shall be fail-safe or
have provision for calibration.

c. The materias of construction shall be chemically resistant
to the range of products to be stored at the temperature range
expected in service. Other physical properties shall be speci-
fied by the tank owner.

r Tank shell

Tank bottom\ Sand pad
2 N / Bond liner to ringwall
T T— = — for leaktight connection
Slope down ol N T 2 T—]
Refer to APl RP 651 o cosasesed v Drain pipe
for evaluation of ~,,,,%%??38088 o5y = f/
. =X=
cathodic protection S0 ==,
methods R i
Gravel at drain e | Concrete ringwall
-

Figure I-1—Concrete Ringwall with Undertank Leak Detection at the
Tank Perimeter (Typical Arrangement)
I-1
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Refer to API RP 651
for evaluation of cathodic
protection methods

Sand cushion

Sand or gravel backfill

Flexible membrane liner
between two asphalt
impregnated fiberboards
[19 mm (%,") thickness]

Tank shell \ [

Asphalt on surface

Tank bottom of gravel

Drain pipe

Flexible

membrane liner

Gravel at drain

Crushed stone ringwall

Figure I-2—Crushed Stone Ringwall with Undertank Leak Detection
at the Tank Perimeter (Typical Arrangement)

d. The permeability of the leak detection barrier shall not
exceed 1 x 10~ cm (4 x 10" mils) per second.

e. The materia in contact with the subgrade shall be suitable
for bel ow-grade service or be protected against degradation.

f. Theleak barrier shall be of one-piece construction, or the
joints shall satisfy the leak tightness, permeability, and chem-
ical resistance requirements for the base lesk-barrier material.
The manufacturer and a complete description of the leak bar-
rier materia shall be identified to the tank owner.

g. Theingallation of sumpsand pipes below the tank bottom
is acceptable; however, the required leak detection and leak

tightness shall be maintained. Refer to|Figures -8 or

typical details.

.3 Cathodic Protection

Cathodic protection systems may be installed in conjunc-
tion with undertank leak detection systems. Refer to APl Rec-
ommended Practice 651 for guidelines on the use of cathodic
protection methods.

Refer to API RP 651
for evaluation of

.4 Double Steel Bottom Construction

[.4.1 If adouble steel bottom is used, the details of con-
struction shall provide for the proper support of the primary
bottom and shell for all operating conditions. The design shall
be evaluated to verify that the primary bottom and shell are
not overstressed. The evaluation shall consider al anticipated
operating conditions such as design temperature, fill height,
hydrostatic testing, seismic conditions, and tank settlement.
The evaluation is not required if the primary bottom is uni-
formly supported on both sides of the shell and is not struc-
turally attached to the secondary bottom or primary bottom
support.

1.4.2 For double steel bottom systems that use steel mem-
bers (such as grating, structural shapes, or wire mesh) to sep-
arate the bottoms, ingress of water between the bottoms will
result in local accelerated corrosion rates. If the perimeter of
the floors is not seadled, corrosion protection of the tank bot-
toms shall be provided.

T/ Tank shell

cathodic protection
methods Flexible membrane liner
between two asphalt

Flexible Tank bottom impregnated fiberboards
membrane [19 mm (3,") thickness]
liner

) v Asphalt on surface

T - of tank pad

Sand cushion

Gravel at drain

Drain pipe

Figure |-3—Earthen Foundation with Undertank Leak Detection at the
Tank Perimeter (Typical Arrangement)
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- Tank shell

Tight attachment
to shell

Sand, pea gravel, or Primary tank bottom Optional - this seam may be sealed
concrete with drainage by caulking or welding (if welded,
grooves on topside see |.4). Not sealing may accelerate
- bottom side corrosion.
i . SR
Flexible membrane liner 4 Drain pipes not shown
Rl SRR T e Concrete ringwall shown
Secondary tank bottom / V. / (crushed stone alternative)
Refer to API RP 651 for cathodic
protection recommendations
Figure [-4—Double Steel Bottom with Leak Detection at the
Tank Perimeter (Typical Arrangement)
.5 Material Requirements and 1.5.3 For a flexiblemembrane liner installed over a steel
Construction Details bottom, all nicks, burrs, and sharp edges shall be removed or

a layer of fine sand, gravel, or geotextile material shall be

I.5.1 The minimum thickness of flexible-membrane leak used to protect the liner.

barriers shall be 800 pum (30 mils) for fiber-reinforced mem-

1 branes and 1000 pm (40 mils) for unreinforced membranes. 1.5.4 The flexible leak barrier shall be covered by at least
If clay liners are used, they shall be thick enough to meet the 100 mm (4 in.) of sand, except as otherwise shown in Figures
permesbility requirements of 1.2, Item d. [T-Tthrough{1-10.|This dimension may have to be increased if

, . cathodic protection isto be provided in the space between the
.5.2 The Ieak.bamer shall .be protected as regwrgd to pre- tank bottomn and the leak barrier.
vent damage during construction. If the foundation fill or tank
pad material islikely to cause a puncturein the leak barrier,a e 1.5.5 If drain pipes are used around the tank perimeter, they
layer of sand or fine gravel or a geotextile material shall be shall be at least NPS 1 in diameter and have a minimum wall
used as a protective cushion. thickness of Schedule 40. The pipes may be perforated in the
Tank shell —T
Optional - this seam may be sealed
by caulking or welding (if welded,
2t (25 mm [1"] min) —>>  |&— see |.4). Not sealing may accelerate
bottom side corrosion.
Alternative floor supports B le— 25 mm (1%) (min)
A
4 ) ) Graingor Seal edge of primary tank
Wire fabric structural shapes bottom (If welded, see 1.4.1)
NPS ¥ pipe
— vom coupling at drain
S« E— o — e B— o 2y
v —
e —
Refer to APl RP 651
for evaluation of
cathodic protection
methods Shell support
ring (continuous)
Figure I-5—Double Steel Bottom with Leak Detection at the
Tank Perimeter (Typical Arrangement)
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Flexible liner bonded to
wall for leak tightness

[—Tank bottom

Compacted sand fill

Refer to API RP 651

-

'/ Tank shell

for evaluation of
cathodic protection
methods

Drain pipe with

/ optional sleeve

Flexible membrane

liner or applied coating
for leak tightness

N7

s
. |7 Gravel or geotextile
material at drain

. Y Y \
.\ NI = \. - :ZV\\
>/ N
Concrete slab /:\ ks L =:\
Piles (if required)

Figure |-6—Reinforced Concrete Slab with Leak Detection at the
Perimeter (Typical Arrangement)

undertank area to improve their leak detection function. The
inner ends and perforations of the drain pipes shall be pro-
tected from clogging by the use of gravel, screening, geotex-
tiles, or another method approved by the tank owner. The
drain pipes shall exit through the foundation and shall be visi-
ble to indicate any leakage. If specified by the owner, the
undertank drains shall be fitted with a valve or piped to aleak
detection well as shown in Figure 1-10 The maximum spac-
ing of drain pipes shall be 15 m (50 ft), with a minimum of
four drain pipes per tank; however, two drain pipes may be
used for tanks 6 m (20 ft) or lessin diameter.

I.5€.6 The need for pipe deeves, expansion joints, or both in
conjunction with drain pipes shall be evaluated.

N—

Tank bottom

Radial grooves
on top of slab

I.5.7 The outlet of the drain pipes and collection sumps, if
used, shall be protected from the ingress of water from exter-
nal sources.

[.5.8 Leak detection systems that use sumps in the liner
below the tank bottom shall have a drain line that extends
from the sump to the tank perimeter. Consideration shall be
given to installation of supplemental perimeter drains.

.6 Testing and Inspection

[.6.1 The leak barrier, al leak-barrier penetrations, attach-
ments of the leak barrier to the foundation ringwall, and other
appurtenances shall be visually inspected for proper construc-
tion in accordance with applicable specifications.

—

N

Tank shell

Drain grooves

at edge
Slope
| —_— W
TR s N A s

] [ ) [ ] [ ) [ ) [ ] [ ) [ ) [

1 1 I I

I I I I

I I I I

I I I I

NV & L <

Piles (if required)

Reinforced concrete slab to be
designed for leak tightness per
ACI 350

Figure I-7—Reinforced Concrete Slab with Radial Grooves
for Leak Detection (Typical Arrangement)
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100 mm (4") sand cushion

Floor sump

/ Tank bottom

Vemmmgmmrer N NI
Gravel at drain

Drain pipe with optional sleeve.
Discharge to leak detection
well or perimeter

Flexible membrane
liner to follow contour
of excavation

Figure [-8—Typical Drawoff Sump

e |.6.2 Theshop and field seams of flexible-membrane liners
shall pass a vacuum-box test. All lesks shall be repaired and
retested. Alternative testing methods may be used with the
tank owner’s approval.

e |.6.3 Proof testing of samples of the flexible-membrane
liner seam shall be performed to verify the seam strength
and flexibility and the adequacy of the bonding. The proce-
dure (including testing methods) used to bond or weld the
liner seams shall be submitted to the owner for review and
shall specify al critical parameters, such as temperature,
speed, surface preparation, and curing time, required to
achieve liquid-tight seams. The required strength and flexi-
bility of the liner seams shall be agreed upon by the tank
owner and manufacturer. The seam samples shall be pro-
duced at the beginning of each shift for each operator and
welding machine.

Flexible membrane liner

e 1.6.4 All liner penetrations, attachments of the liner to the
foundation ringwall, and other appurtenances shall be demon-
strated to be leak tight. This may be demonstrated by a mock-
up test, prior experience, or other methods acceptable to the
owner.

I.7 Tanks Supported by Grillage

e |.7.1 Tanks designed and constructed in accordance with
API 650 standard that have a maximum nominal shell thick-
ness of 13 mm (¥/, in.), including any customer specified cor-
rosion alowance, and operating temperatures not exceeding
90°C (200°F) may be supported by steel or concrete grillage.
By agreement between the purchaser and manufacturer, these
rules may be applied to tankswith shell thickness greater than
13 mm (¥, in.). These rules apply to single steel butt-welded
bottoms supported by grillage members.

bonded to sump (Alternative

is to continue liner into the

sump as a lining)

———

100 mm (4") sand cushion

= ",A\\\,\\/\

Drain pipe with optional sleeve.
Discharge to leak detection
well or perimeter

N

<
AN

R

Gravel at drain

300 mm (12") diameter (min) sump

Figure [-9—Center Sump for Downward-Sloped Bottom
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See note

Ringwall foundation shown.
Detail is typical for all types
of foundations

Detection well
100 mm (4")

diameter (min)
with top hatch

Drain pipe to well.
Pipe may be above
grade or below grade
(with pipe sleeve)

See note

& / Removable weather cover
b /

Detection well (concrete pit
adjacent to concrete ringwall)

Drain pipe

Note: Top of well shall be above maximum high water level within dike.

Figure 1-10—Typical Leak Detection Wells
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I.7.2 The thickness and design metal temperature of the
bottom plate shall be in accordance with|Figure 2-1
[.7.3 The maximum spacing between adjacent or radial

grillage members and the bottom plate thickness shall satisfy
therequirements of 1.7.3.1and 1.7.3.2.

[.7.3.1 The maximum spacing between adjacent or radial
grillage members shall not exceed:

b = [I.SF (¢ —CA)ZT'S

p
[.7.3.2 The required minimum thickness of the bottom

plate supported on grillage shall be determined by the follow-
ing equation:;

. [m}o.s \cu

¢ L15F,
where
b = maximum alowable spacing (center-to-center)
between adjacent or radia grillage members, in
mm (in.),
Fy = Specified minimum yield strength of bottom

plate material, in MPa (psi),

ty = nominal thickness (including any corrosion
allowance) of the bottom plate supported on
grillage, inmm (in.),

CA = corrosion allowance to be added to the bottom
plate, in mm (in.). The purchaser shall specify
the corrosion allowance,

p = uniform pressure (including the weight of the

bottom plate) acting on the bottom resulting
from the greater of the weight of the product
plus any interna pressure, or the weight of the
hydrostatic test water, in MPa (psi).

1.7.3.3 The maximum calculated deflection of the bottom
plate at mid-span shall not exceed (tg—CA) / 2:

4
g = 00284 b}s(tg—CA)/2

E(t,—CA)
where
d = maximum calculated deflection of the bottom
plate at mid-span, in mm (in.),
Es = modulus of elasticity of the bottom plate mate-

rid, in MPa (psi).
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I.7.4 The bottom plates shall be jointed together by buitt-
welds having complete penetration and complete fusion.
Joints shall be visually inspected prior to welding to ensure
the weld gap and fit-up will alow complete penetration. Each
weld pass shall be visualy inspected. The alignment and
spacing of grillage members shall be such that the joints
between bottom plates are located approximately above the
center of the grillage members to the greatest extent practical.
Grillage members shall be arranged to minimize the length of
unsupported tank shell spanning between grillage members.

I.7.5 Grillage members shall be symmetrical about their
vertical centerline. Steel grillage members shall be designed
to prevent web crippling and web buckling as specified in
Chapter K of the AISC Manual of Seel Construction, Allow-
able Stress Design.3 Concrete grillage members may also be
used.

[.7.6  The purchaser shall specify the corrosion alowanceto
be added to steel grillage members. If a corrosion alowance
is required, the manner of application (added to webs only,
added to webs and flanges, added to one surface, added to all
surfaces, and so forth) shall also be specified.

I.7.7 For tanks designed to withstand wind or seismic
loads, provisions shall be made to prevent diding, distortion,
and overturning of the grillage members. Lateral bracing
between the top and bottom flanges of adjacent steel grillage
members may be required to prevent distortion and overturn-
ing. The lateral bracing and connections shall be designed to
transfer the specified lateral loads. If friction forces between
the grillage members and the foundation are not adequate to
transfer the specified lateral load, the grillage members shall
be anchored to the foundation.

[.7.8 The tank shall be anchored to resist uplift forces (in
excess of the corroded dead load) due to pressure and wind or
seismic overturning. Anchors shall be located near the inter-
section of the tank shell and a grillage member, or near an
additional stiffening member.

[.7.9 Thetank shell shall be designed to prevent local buck-
ling at the grillage members and consideration shall be given
to shell distortion when the spacing of the grillage members
is determined.

[.7.10 The bottom plate and grillage members directly
beneath roof support columns and other items supported by
the bottom shall be designed for the loads imposed. Addi-
tional support members are to be furnished if required to ade-
quately support the bottom.

[.7.11 If flush-type cleanouts or flush-type shell connec-
tions are furnished, additional support members shall be pro-
vided to adequately support the bottom-reinforcing and
bottom-transition plates. As a minimum, the additional sup-
port members shall consist of a circumferential member
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Locate anchors near

grillage members K

> Ly
/,
/
/

A
Y
A
Y
A
Y

Anchorage (if required)

ﬁ - Lateral bracing (if required
Butt-welded joint g (ifreq ) Butt-welded joint
Grillage members /_ ¢
Top of
foundation SECTION A-A
Figure I-11—Tanks Supported by Grillage Members (General Arrangement)
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WELDED STEEL TANKS FOR OIL STORAGE 1-9

(minimum length and location according to Method A of

01] | Figure 3-10) and radial support members. The radia support

OO|

members shall extend from the circumferential member to
the inner edge of the bottom reinforcing (for flush-type
cleanouts) or bottom transition plate (for flush-type shell
connections). The circumferential spacing of the radial sup-
port members shall not exceed 300 mm (12 in.).

[.7.12 For tanks located in a corrosive environment, and
where atmospheric corrosion due to wet/dry cycles may
occur, consideration shall be given to protecting the underside
of the bottom plates, grillage members, and in particular, the

contact surface between the bottom plates and grillage mem-
bers by utilizing protective coatings or by adding a corrosion
allowance to these members.

1.8 Typical Installations

Although it is not the intent of this appendix to provide
detailed designs for the construction of undertank leak detec-
tion systems and tanks supported by grillage,
througillustrate the general use and application of the
recommendations presented in this appendix.
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APPENDIX J—SHOP-ASSEMBLED STORAGE TANKS

J.1 Scope

J.1.1 This appendix provides requirements for the design
and fabrication of vertical storage tanks in sizes that permit
complete shop assembly and delivery to theinstallation sitein
one piece. Storage tanks designed according to this appendix
shall not exceed 6 m (20 ft) in diameter.

J.1.2 The application of this appendix to the design and
fabrication of shop-assembled storage tanks shall be mutually
agreed upon by the purchaser and the manufacturer.

J.2 Materials

The material requirements of Section 2 of this standard are
applicable.

J.3 Design
J.3.1 JOINTS

J.3.1.1 Joints shall be designed as specified in 3.1; how-
ever, lap-welded joints in bottoms are not permissible. In
addition, the modifications givenin J.3.1.2 through J.3.1.5 are
applicable.

J.3.1.2 All shell joints shal be butt welded so that full pen-
etration is produced without the use of backup bars.

J.3.1.3 Shdll plates shall be sized to limit the number of
plates to the smallest practical number consistent with sound
economic practice. Each course should preferably be con-
structed of one plate.

J.3.1.4 Top anglesare not required for flanged-roof tanks.

J.3.1.5 Joints in bottom plates shall be butt-welded. The
welding shall produce complete penetration of the parent
metal.

J.3.2 BOTTOMS

J.3.2.1 All bottom plates shall have a minimum nominal
thickness of 6 mm (Y4 in.) [49.8 kg/m? (10.2 Ibf/ft2), see
2212and34.1].

J.3.2.2 Bottoms shall be constructed of a minimum num-
ber of pieces, wherever feasible they shall be constructed of
one piece.

J.3.2.3 Bottoms may be flat or flat flanged. A flat bottom
shall project at least 25 mm (1 in.) beyond the outside diame-
ter of the weld attaching the bottom to the shell plate. A flat-
flanged bottom shall have an inside corner radius that is not
less than three times the bottom thickness and a straight
flange that isaminimum of 19 mm (3/4in.).

Copyright American Petroleum Institute
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J.3.2.4 For flat bottoms, the attachment between the bot-
tom edges of the lowest course shell plate and the bottom
plate shall be a continuous fillet weld laid on each side of the
shell plate. Each fillet weld shall be sized in accordance with
3.1.5.7. A flat-flanged bottom shall be attached to the shell by
full-penetration butt-welds.

J.3.3 SHELLS

Shell plates shall be designed in accordance with the for-
mula given in A.4.1, but the nominal thickness of shell plates
shall not be less than the following:

a For tanks with adiameter lessthan or equal to 3.2 m (10.5
ft) =5 mm (3/1in.).

b. For tanks with a diameter greater than 3.2 m (10.5 ft) — 6
mm (Y/4in.).

J.3.4 WIND GIRDERS FOR OPEN-TOP TANKS

Open-top tanks shall be provided with wind girders as
specified in 3.9.

J.3.5 ROOFS
J.3.5.1 General

Roofs for tanks constructed in accordance with this appen-
dix shall be of the self-supporting type and shall conform to
either J.3.5.20r J.3.5.3.

J.3.5.2 Cone Roofs

Self-supporting cone roofs shall be designed as specified in
3.10.5, except they may be provided with a flange that will
permit butt-welded attachment to the shell (see J.3.1.4).
Flanges shall be formed with aminimum inside corner radius
of threetimesthe roof thickness or 19 mm (3/4in.), whichever:
islarger.

J.3.5.3 Dome and Umbrella Roofs

Self-supporting dome and umbrellaroofs shall be designed:
as specified in 3.10.6, except they may be flanged as
described in J.3.5.2. For dome roofs that are flanged, the
radius of curvature shall not be limited to the maximum
requirements given in 3.10.6; instead, the curvature shall be
limited by the depth of the roof, including the crown and

knuckle depth, aslisted in[Table J-1.

J.3.5.4 Top Angles

When top angles are required, they shall be attached as
specified in 3.10.7.
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Table J-1—Maximum Roof Depths for Shop-Assembled
Dome-Roof Tanks

Diameter Depth

m ft mm in
<18 6 50 2
<24 8 0 3Y,
<30 10 140 5%,
<37 12 200 8
<43 14 275 11
<49 16 375 15
<6.0 20 500 20

J.3.6  TANK CONNECTIONS AND
APPURTENANCES

J.3.6.1 Manholes, nozzles, and other connections in the
shell shall be constructed and attached as specified in 3.7, but
it is unlikely that reinforcing plates will be required for man-
holes and nozzles in the tank shell. The need for reinforce-
ment shall be checked according to the procedure given in
3.7.2. Since the minimum shell-plate thicknesses given in
J.3.3 will normaly exceed the caculated thickness, the
excess material in the shell should satisfy the reinforcement
requirementsin nearly al cases.

J.3.6.2 The roofs of tanks constructed in accordance with
this appendix will be inherently strong because of the limita-
tionsin diameter required for shipping clearances. Thus, rein-
forcement of roof manholes and nozzles is not required
unless specifically requested by the purchaser or unless roof
loads exceed 1.2 kPa (25 Ibf/ft2), in which case the amount
and type of reinforcement shall be agreed upon by the pur-
chaser and the manufacturer.

J.3.7 CORROSION ALLOWANCE

J.3.7.1 If the purchaser requires that a corrosion allowance
be provided, the allowance and the areas to which the allow-
ance is to be added shall be specified. If a corrosion allow-
ance is specified without an indication of the area to which it
is to be added, the manufacturer shall assume that it is to be
added only to the calculated shell-plate thickness.

J.3.7.2 When a corrosion alowance is specified for the
roof and bottom plates, it shall be added to the minimum
nominal thicknesses.

J.3.8 LIFTING LUGS

J.3.8.1 Lugsor clipsfor useinloading and unloading tanks
and for use in placing tanks on foundations shall be provided
on al tanks constructed in accordance with this appendix.
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e J.3.8.2 There shal be a minimum of two lugs on each

tank. The location of the lugs shall be agreed upon by the pur-
chaser and the manufacturer. The lugs shall preferably be
located at the top of the tank, in pairs, 180 degrees apart.

J.3.8.3 Lugs and their attachment welds shall be designed
to carry their share of the applied load (twice the empty
weight of the tank) distributed in a reasonable manner and
based on a safety factor of 4.

J.3.8.4 Lugs capable of carrying the load described in
J.3.8.3 shall be designed and attached in a manner that will
not damage the tank.

J.3.9 ANCHORING

Because of the proportions of shop-assembled storage
tanks, overturning as aresult of wind loading must be consid-
ered. If necessary, adequate provisions for anchoring shal be
provided.

J.4 Fabrication and Construction
J.41 GENERAL

J.4.1.1 Fabrication and construction shall be in accordance
with the applicable provisions of Sections4 and 5 of this stan-
dard. Erection shal be interpreted as assembly, and it shall be
understood that the entire vessel is constructed in the shop
and not at the field site.

J.4.1.2 Paragraphs 5.2.2 and 5.2.5 of this standard are not
applicable to the bottoms and roofs of shop-assembled tanks.

J.4.2 TESTING, REPAIRS, AND INSPECTION
J.4.2.1 General

For testing of, repairs to, and inspection of shop-assembled
tanks, the requirements of J4.2.2 through J.4.2.4 replace
those of 5.3.2 through 5.3.7.

J.4.2.2 Testing

Unless otherwise specified by the purchaser, as an dterna-
tive to the requirements of 5.3.2 through 5.3.7, atank may be
shop tested for leaks by the following method:

a The tank bottom shall be braced by securely attaching an
external stiffening member as required to prevent permanent
deformation during the test.

b. All openings shall be closed with plugs or covers as
needed. Bolts and gaskets of the size and type required for
fina ingtalation shall be used during the test.

c. An internal air pressure of 14 to 21 kPa (2 to 3 Ibf/in.?)
gauge shall be applied to the tank. For tanks with a diameter
of 3.7 m (12 ft) or less, amaximum pressure of 35 kPa (5 | bf/
in.2) gauge shall be used.
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d. A soap film, linseed ail, or another material suitable for
the detection of leaks shall be applied to all shell, bottom,
roof, and attachment welds, and the tank shall be carefully
examined for leaks.

e. After the air pressure is released, the externa stiffening
member shall be removed, and any weld scars shall be
repaired.

J.4.2.3 Repairs
All weld defects found by the leak test or by radiographic
examination shall be repaired as specified in Section 6.

J.4.2.4 Inspection

The purchaser’s inspector shall have free entry to the man-
ufacturer’s shop at al times. The manufacturer shall afford
the purchaser’s inspector reasonable facilities to assure the
inspector that the work is being performed in accordance with
the requirements of this standard. All material and workman-
ship shall be subject to the replacement requirements of 4.2.3.

Copyright American Petroleum Institute
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J.5 Inspection of Shell Joints

The methods of inspecting shell joints described in Sec-
tion 6 apply to shop-assembled tanks, but spot radiography
may be omitted when ajoint efficiency of 0.70 is used (see
A.3.4).

J.6 Welding Procedure and Welder
Qualifications

The requirements for qualification of welding procedures
and welders given in Section 7 apply to shop-assembled
tanks.

J.7 Marking

Shop-assembled tanks shall be marked in accordance with
Section 8, except that 8.1.4 and 8.2 are not applicable. The
nameplate (see|Figure 8-1b shall indicate that the tank has
been designed in accordance with this appendix.

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



Copyright American Petroleum Institute Document provided by IHS Licensee=Shell Services International B.V./5924979112,
Reproduced by IHS under license with API 09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



APPENDIX K—SAMPLE APPLICATION OF THE VARIABLE-
DESIGN-POINT METHOD TO DETERMINE SHELL-PLATE THICKNESS

K.1 Data

[ ] Design condition [X] Test condition

Specific gravity of liquid, G: 1.0

Corrosion allowance: 0.0mm (0.0in.)
Tank diameter, D: 85.0 m (280 ft)
Total height of tank, H: 19.2 m (64 ft)
Number of courses: 8.0

Allowable stressfor design, Sy —

Allowable stressfor testing, S;: 208 MPa (30,000 Ibf/in.2)
Height of bottom course, h;: 2,400 mm (96in.)
Nominal tank radius, r: 42,500 mm (1,680in.)

(See 3.6.4 for definition of nomenclature.)

K.2 Calculations
K.2.1 FIRST COURSE (t1)

For the test condition, t; is equal to ty; but not greater than ty.

In Sl units:
ty = 4OD(H=03) _ (49)(85)(192-03) _ 3745
ty = | 1.06-20096D [H || (49HD)
H Sf St

|06 0:0696(85) 192 || 4.9(19.2)(85)
192 4208 208

[1.06 —(0.3081)(0.3038)][ 38.45]
[1.06 —0.0936][38.45]
[0.9664][38.45]

37.15mm=1;

In US Customary units:

ty = 2.6D(H—1) _ 2.6(280)(64=1) _ | 559
St 30,000
ty = |1.06-(0:463D) F (2.6HD)
H NS s,
= | 1.06_0:463(280) [ 64 |2.6(64)(280)
' 64 30,000 30,000

= [1.06 —(2.026)(0.0462)][1.553]

= [1.06-0.0936][1.553]

= [0.9664][1.553]

= 150lin.=t;

K-1
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K.2.2 SECOND COURSE (tp)

In Sl units:

b 2400 = 1.909

(rt)” [(42,500)(37.2)]"°

If ( :ll)o‘s <1.375,tp = tg; if ( :ll)oj 22625t = tyy
rt r

h,
(rtl)O,S

If 1.375< <2.625

t2 = bt (tl _t2a){2'1 _LOS}
125(r1,)"

2400
= 31.28+ (5.87){2-1 - }

1.25[(42,500)(37.16)] "’

= 3128+ (5.87)[2.1-1.528]

= 31.28 + (5.87)[0.572]
= 31.28+3.36
= 34.64mm
In US Customary units:
h  _ 96 96

= = 1912
(1) [(1680)(1.501)] 50216

If LOS <1.375,t, = tg; if hlos 22625t = tyy
(rt))” (rty)”
If 1.375< h105 <2.625
(rt))”

tp = 6, *+ (1 _tza){ll _'—h"]"T}
1.25(rt))"”

= 1.263+(0.238){2~1— o6 05}
1.25[(1680)(1.501)]™

= 1.263+(0.238)[2.1 - 1.529]

= 1.263+(0.238)[0.571]

= 1.263+0.136

= 1.399in.
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K-3

K.2.3 UPPER COURSES
K.2.3.1 Course 2

Note: H = 16.8 m (56 ft).
K.2.3.1.1 FirstTrial

In Sl units:
(= 49D(H-03) _ 4.9(85)(16.8-0.3)
‘X S, 208
33.04mm =ty
I 37.15mm
K= 12=3015_y
f,  33.04
KO5 = 1.060
.5
c K (K—1) _ (1.06)(0.124) _ 0.060
1+ K" 1+1.192
(rt)%5 = [(42,500)(33.04)]95 = 1185.0
xg = 0.61(rty)°5 + 320CH
= 0.61(1185) + 320(0.060)(16.8) = 1045.4
X = 1000CH = 1000(0.060)(16.8) = 1008
X3 = 1.22(rt,)05 = 1.22(1185) = 1445.7
X = min(xq, Xp, X3) = 1008
x/1000 = 1.008
f 4.9D(H—x) _ 4.9(85)(16.8-1.008) _ 31 o»

s, 208

In US Customary units:

tx =

S, 30,000
1.335in. =t
t. = 1.501in.
K= 2=1300_y
t, 1335
KOS = 1.060
.5
c K”(K—1) _ (1.06)(0.124) _ 0.060
1+K% 1+1.191
(rt)®° = [(1680)(1.335)]05 = 47.358
Xy = 0.61(rt,)05 + 3.84CH
= 0.61(47.358) + 3.84(0.060)(56) = 28.89 + 12.90 = 41.79
Xo = 12CH = 12(0.060)(56) = 40.32
X3 = 1.22(rt,)05 = 1.22(47.358) = 57.78
X = min(Xq, X, X3) = 40.32
X112 = 3.36
t 2.6D(H—x/12) _ 2.6(280)(56=3.36) _ | 577 i

2.6D(H—1) _ 2.6(280)(55)

S, 30,000

With this value of tiy, start the second trial.
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K.2.3.1.2 Second Trial

In Sl units:
ty = tfromfirgtrial = 31.62 mm
L = 37.15mm
K= 2=3215_ 75
t, 31.62
KOS5 = 1.084
C = K"-S(stl) _ (1.084)(0.11755) — 0.0834
1+K 1+1.175
(rty)0> = [(42,500)(31.62)]95=1159.2
X, = 0.61(rty)%5 + 320CH
= 0.61(1159.2) + 320(0.0834)(16.8) = 1155.5
Xo = 1000CH = 1000(0.0834)(16.8) = 1401.1
X3 = 1.22(rt,)05 = 1.22(1159.2) = 1414.2
X = min(xy, X, X3) = 1155.5
x/1000 = 1.155
fy = 4.9D(H;tx/1000) _ 4.9(85)(12%.88—1.155) — 3133 mm
In US Customary units:
ty = tfromfirsttrial =1.277in.
t. = 1.501lin.
K= 12=10_ 95
t, 1.277
KOS = 1.084
C = K (K—1) _ (1.084)(0.175) _ 0.0834
1+ K" 1+1.274
(rty)°> = [(1680)(1.277)]95 = 46.32
x; = 0.61(rt,)05 + 3.84CH
= 0.61(46.32) + 3.84(0.0834)(56) = 28.25 + 17.93 = 46.19
Xp = 12CH =12(0.0834)(56) = 56.04
X3 = 1.22(rt,)05 = 1.22(46.32) = 56.51
X = min(xq, Xo, X3) = 46.19
x/12 = 3.80
fy = 20D(H—x/12) _ 2.6(280)(56=3.80) _ | y67 ¢y

S, 30,000

With this value of tyy, start the third trial.
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K.2.3.1.3 Third Trial

In Sl units:
ty = tix fromsecond trial = 31.33 mm
L = 37.15mm
K= 2=313_ g
t, 3133
KOS = 1,089
C = K" (K—1) _ (1.089)(0.186) _ 0.088
1+K" 1+1.186"
(rty)%5 = [(42,500)(31.33)]95=1153.9
x; = 0.61(rt,)%5 + 320CH
= 0.61(1153.9) + 320(0.088)(16.8) = 1177.0
X, = 1000CH = 1000(0.088)(16.8) = 1478.4
X3 = 1.22(rt,)05 = 1.22(1153.9) = 1407.8
X = min(xq, Xp, X3) = 1177
x/1000 = 1.177
ty, = 4.9D(H;lx/1000) _ 4.9(85)(12%.88—1.177) - 3128 mm =1,
In US Customary units:
ty = tfromfirsttrial = 1.267 in.
t, = 150Lin.
K= 2=10_ g5
t, 1267
KOS = 1,089
C = K”(K—1) _ (1.089)(0.185) _ 0.088
1+ K" 1+1.290
(rt)%> = [(1680)(1.266)]9° = 46.12
x; = 0.61(rt,)05 + 3.84CH
= 0.61(46.12) + 3.84(0.088)(56) = 28.13 + 18.92 = 47.05
Xo = 12CH =59.14
X3 = 1.22(rt,)05 = 1.22(46.12) = 56.27
X = min(Xq, Xo, X3g) = 47.05
/12 = 3.92
t = 2.6D([—{g:x/12) _ 2.6(282())5330—3.92) - 1263 =1,
Use thisvalueto calculate t.
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K.2.3.2 Course 3
Note: H = 14.4 m (48 ft).
K.2.3.2.1 FirstTrial

In Sl units:
; 4.9D(H-0.3) _ 4.9(85)(14.4-0.3)
tx s, 208
2823 mm =t
I 34.64 mm
K= =365y
t, 2823
KOS = 1.108
.5
c K’ (K—Sl) _ (1.108)(0.21257) - 0107
1+K" 1+1.227"
(rt)%° = [(42,500)(28.23)]95 = 1095
X = 0.61(rty)05 + 320CH

= 0.61(1095) + 320(0.107)(14.4) = 1161

Xo = 1000CH = 1000(0.107)(14.4) = 1541
x3 = 1.22(rt,)05 = 1.22(1095) = 1336
X = min(xq, Xp, X3) = 1161
x/1000 = 1.161
4.9D(H-x/1000) _ 4.9(85)(14.4—1.161) _ 26.51 mm

tx =

S, 208

In US Customary units:

tx =

2.6D(H—-1) _ 2.6(280)(47)

S, 30,000
= 1.141in. =t
t, = 1.399in.
K= 2=139 -5
t,  1.141
KOS = 1,107
c = KP(K=1) _ (1107)(0266) _ 106
1+K" 1+1.357
(rt)%5 = [(1680)(1.141)]05=43.78

X1 = 0.61(rt,)05 + 3.84CH

= 0.61(43.78) + 3.84(0.106)(48) = 26.71 + 19.54 = 46.25
= 12CH = 12(0.106)(48) = 61.06

1.22(rt,)05 = 1.22(43.78) = 53.41

X = Min(xy, X, X3) = 46.25
x/12 = 3.85
to 2.6D(H-x/12) _ 2.6(280)(48-3.85) _ 1071 in.

s, 30,000

With this value of ty, start the second trial.

Copyright American Petroleum Institute
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K.2.3.2.2 Second Trial

In Sl units;

ty

tx from the first trial = 26.51 mm

L 34.64 mm
K= =336 -5y
t, 2651
KOS = 1.143
c K (K-1) _ (1.143)(0.307) _ 0.141
1+K"7 1+1.307"
(rty)%> = [(42,500)(26.51)]95 = 1061
x; = 0.61(rty)%5 + 320CH
0.61(1061) + 320(0.141)(14.4) = 1297
Xp = 1000CH = 1000(0.141)(14.4) = 2030
x3 = 1.22(rty)05 = 1.22(1061) = 1294
X = min(xq, X, X3) = 1294
x/1000 = 1.294
fy = 29DUH—x/1000) _ 4.9(85)(14.4—1294) _ r¢ g

S, 208

In US Customary units:

ty t fromfirst trial = 1.071in.
t, = 1.399in.
K= 2=139 50
t, 1.071
KOS = 1.143
c K™ (K—1) _ (1.143)(0.306) _ 0.140
1+ K" 1+1.493
(rt)%5 = [(1680)(1.071)]95 = 42.42
x; = 0.61(rt,)%° + 3.84CH
0.61(42.42) + 3.84(0.140)(48) = 25.88 + 25.80 = 51.68
%o = 12CH = 12(0.140)(48) = 80.64
X3 = 1.22(rt,)05 = 1.22(42.42) = 51.75
X = min(xq, Xo, X3) = 51.68
X12 = 431
t 2.6D(H-x/12) _ 2.6(280)(48=431) _ | 060 in.

S, 30,000

With this value of tyy, start the third trial.

Copyright American Petroleum Institute
Reproduced by IHS under license with API
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K.2.3.2.3 Third Trial

In Sl units:
ty = fti from the second trial = 26.24 mm

L = 34.64mm
K= 12=368 -3
[, 2624
KOS = 1.149

E
e R = e
(rty)%> = [(42,500)(26.24)]95 = 1056

X = 0.61(rty)0> + 320CH

= 0.61(1056) + 320(0.146)(14.4) = 1317

%o = 1000CH = 1000(0.146)(14.4) = 2102

x3 = 1.22(rt,)0> = 1.22(1056) = 1288

X = min(xy, X, X3) = 1288
x/1000 = 1.288

4.9D(H—x/1000) _ 4.9(85)(14.4
S, 208

—1.288) _ 5626 mm for Course 3

In US Customary units:

ty = tyfromsecond trial = 1.060 in.
t, = 1.399in.
K= 12=139_/35,
t, 1.060
KOS = 1.149
.5
C = K(K=1) _ (1.149)(0.320) _ 0.146

1+K"% 1+1.517
(rt,)®5 = [(1680)(1.06)]5 = 42.20
X1 = 0.61(rt,)05 + 3.84CH
= 0.61(42.40) + 3.84(0.146)(48) = 25.74 + 26.91 = 52.65

Xo = 12CH =12(0.146)(48) = 84.10

x3 = 1.22(rt,)05 = 1.22(42.20) = 51.48

X = min(Xq, Xo, X3g) = 51.48
X112 = 4.29

2.6D(H=x/12) _ 2.6(280)(48=4.29) _ | 061 in. for Course 3
3 30,000

(Sample calculated shell-plate thicknesses for various tank sizes and allowable stresses

aregivenin throug

Copyright American Petroleum Institute Document provided by IHS Licensee=Shell Services International B.V./5924979112,
Reproduced by IHS under license with API 09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.
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98 |e APPENDIX L—API STANDARD 650 STORAGE TANK
DATA SHEETS

The following data sheets shall be used by the purchaser when ordering and by the manu-
facturer when bidding on a storage tank constructed in accordance with this standard. How-
ever, the purchaser and manufacturer may use data sheets other than that provided in this
Appendix, if they include al pertinent information.

The conditions that must be met are set forth in a convenient form and can be noted either
by inserting information in the spaces provided or by checking the appropriate answer where
asdection isindicated.

Space is provided where computations or fabrication practices may dictate a size or
dimension of the tank or its components. Further information concerning appurtenances or
accessories shall be included.

Any materials that either have received any heat treatment, such as normalizing, beyond
the minimum heat-treating requirements of the material specification or have been qualified
by impact tests shall be identified by reference to notes located under the “remarks’ lines.
The notes shall define the heat treatment received and/or the energy acceptance levels, test
temperature, and specimen orientation for impact tests.

When stress relief is applied to a part in accordance with the requirements of 3.7.4, the
part shall beidentified by a note under the “remarks’ lines.

These data sheets do not cover items of a contractual nature or optional features not cov-
ered by this standard.

Upon completion of construction, the manufacturer shall furnish the purchaser with a
copy of the data sheets corrected to reflect the as-built conditions.
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API STANDARD 650
STORAGE TANK
DATA SHEET

DATE

BY

FILE NO.

PAGE 1 OF 4

GENERAL INFORMATION (TO BE COMPLETED BY PURCHASER)

1. PURCHASER/AGENT

O BASIC STANDARD 650
DESIGN PRESSURE

O BASIC STANDARD 650
0 APPENDIX G (ALUMINUM DOME)
FRANGIBLE ROOF JOINT?

:'9. SHELL DESIGN:

10. ROOF DESIGN:

il. ROOF DESIGN INFORMATION:
UNIFORM LIVE LOAD

[0 APPENDIX A

O YES

O APPENDIX F
kPa (Ibf/in.2)

O APPENDIX C (EXTERNAL FLOATING)
O APPENDIX H (INTERNAL FLOATING)
O NO

kPa (Ibf/ft2)

SPECIAL LOADS (PROVIDE SKETCH)

kPa (Ibfft2)

INSULATION LOAD

kPa (Ibf/ft2)

MAXIMUM DESIGN ROOF TEMPERATURE

°C (°F)

GASES IN THE VAPOR SPACE

ADDRESS
CITY STATE ZIP CODE PHONE
2. USER
3. ERECTIONSITE:  NAME OF PLANT
LOCATION
4. TANK NO. MAXIMUM CAPACITY (3.2.5.1) m3 (bbl) NET WORKING CAPACITY m3 (bbl)
OVERFILL PROTECTION (API-2350) m (bbl) OR mm (in.)
5. PUMPING RATES: IN m3/h (bbl/h) ouT m3/h (bbl/h)
6. MAXIMUM OPERATING TEMPERATURE °C (°F)
7. PRODUCT STORED DESIGN SPECIFIC GRAVITY ____ AT °C (°F)
DESIGN METAL TEMPERATURE °C (°F) VAPOR PRESSURE kPa (in. water)
j&s. CORROSION ALLOWANCE:  SHELL mm (in.) ROOF mm (in.)
' BOTTOM mm (in.) STRUCTURALS mm (in.)

12. EARTHQUAKE DESIGN? 0O YES O NO (APPENDIXE)

ROOF TIE RODS (3.10.4.5)?

O YES O NO

REMARKS

m (ft)

SEISMIC ZONE IMPORTANCE FACTOR
ZONE FACTOR (TABLE E-2) SITE COEFFICIENT (TABLE E-3)
13. WIND LOAD: VELOCITY km/h (mph)
PROVIDE INTERMEDIATE WIND GIRDER (3.9.7)? [0 YES 0O NO
14. ENVIRONMENTAL EFFECTS:  MAXIMUM RAINFALL mm/h (in./h)
TOTAL SNOW ACCUMULATION mm (in.)
15. SIZE RESTRICTIONS: MAXIMUM DIAMETER m (ft) MAXIMUM HEIGHT
16. FOUNDATION TYPE: 0 EARTH O CONCRETERINGWALL O OTHER

Copyright American Petroleum Institute
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API STANDARD 650

DATE
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STORAGE TANK BY
FILE NO.
DATA SHEET orce . - ’
CONSTRUCTION DETAILS (TO BE COMPLETED BY MANUFACTURER AND/OR PURCHASER)
1. MANUFACTURER
ADDRESS
CITY STATE __ ZIP CODE PHONE
SERIAL NO.
1. FABRICATOR
ADDRESS
CITY STATE _ ZIP CODE PHONE
SERIAL NO.
3. MATERIAL SPECIFICATIONS: SHELL
ROOF
BOTTOM
STRUCTURALS
4. NO. OF SHELL COURSES
5. PLATE WIDTHS AND THICKNESSES (INCLUDING CORROSION ALLOWANCE), IN mm (in.)
1 4 7
2 5 8
3 6 9
6. TANK BOTTOM: PLATE THICKNESS mm (in.) 0 LAP 0 BUTT SEAMS
SLOPE mm/m (in/ft) O TO O FROM CENTER
7. MINIMUM WIDTH AND THICKNESS OF BOTTOM ANNULAR PLATES (3.5), IN mm (in.):
8. ROOF-TO-SHELL DETAIL (FIGURE F-2)
9. INTERMEDIATE WIND GIRDER? O YES O NO TOP WIND GIRDER FOR USE AS WALKWAY? O YES O NO
10. ROOF TYPE: [0 SUPPORTED [0 SELF-SUPPORTED [0 FLOATING
SLOPE OR RADIUS mm (in.)
11. ROOF PLATE: THICKNESS mm (in.) O LAP O BUTT O JOINT
12. PAINT:
SHELL— EXTERIOR? 0 YES 0 NO INTERIOR? 0 YES 0 NO
SURFACE PREPARATION
BOTTOM— UNDERSIDE? O YES 0 NO INTERIOR? ] YES O NO
SURFACE PREPARATION
STRUCTURAL STEEL— EXTERIOR? O YES 0 NO INTERIOR? O YES O NO
SPECIFICATION
13. TANK BOTTOM COATING: INTERIOR? 0 YES 0 NO MATERIAL
APPLICATION SPECIFICATION
14. INSPECTION BY: SHOP FIELD
15. WELD EXAMINATION: RADIOGRAPH
SUPPLEMENTARY LIQUID PENETRANT OR ULTRASONIC
16. FILMS PROPERTY OF
17. LEAK TESTING: BOTTOM ROOF
SHELL
18. MILL TEST REPORTS: REQUIRED? O YES 0 NO
PLATE STRUCTURAL SHAPES
19. PURCHASER'S REFERENCE DRAWING
20. TANK SIZE: DIAMETER m (ft) HEIGHT m (ft)
21. DATE OF STANDARD 650 EDITION/REVISION
REMARKS
L-4
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API STANDARD 650
STORAGE TANK
DATA SHEET

DATE

BY

FILE NO.

PAGE

3 OF 4

APPURTENANCES (TO BE COMPLETED BY MANUFACTURER AND/OR PURCHASER)

1. STAIRWAY STYLE: 0 CIRCULAR [ STRAIGHT ANGLE TO HORIZONTAL ___ DEGREES
LADDER

2. WALKWAY: WIDTH mm (in.) LENGTH m (ft)
3. DRAWOFF SUMP: STANDARD SPECIAL

4. BOLTED DOOR SHEET? 0 YES 0 NO (APPENDIX A TANKS ONLY) 0 RAISED 0 FLUSH

5. SCAFFOLD HITCH

6. INTERNAL PIPING: SWING LINE SUCTION LINE
k HEATING COIL SURFACE AREA m2 (ft2)
7 ROOF DRAIN: HOSE JOINTED
SIPHON
8. NO. AND SIZE OF SHELL MANHOLES
9 NO. AND SIZE OF ROOF MANHOLES

120. SHELL NOZZLES (SEE FIGURES 3-4B, 3-5, AND 3-7 AND TABLES 3-8, 3-9, AND 3-10):
FLANGED THREADED
ORIENTATION | HEIGHT FROM
MARK SIZE SGL DBL SPL A B c D E N =0 BOTTOM SERVICE

11. ROOF NOZZLES, INCLUDING VENTING CONNECTION (SEE FIGURES 3-14 AND 3-15 AND TABLES 3-16 AND 3-17):

MARK

SIZE FLANGED THREADED

REINFORCEMENT

ORIENTATION
N =0

DISTANCE FROM

CENTER SERVICE

NOTE: SKETCHES AND/OR SEPARATE SHEETS MAY BE ATTACHED TO COVER SPECIAL REQUIREMENTS.
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DATE
API STANDARD 650 By
STORAGE TANK FILE NO
DATA SHEET PAGE 4 oF
Top of shell height
Overfill slot
T J ] Design liquid level*
Overfill protection level requirement:
Note 1 (see Note 1)
l m3 (bbl) or mm (in.)
--------------------------------------------------------------- ~— Normal fill level
00
‘Maximum capacity: Net working capacity:
m3 (bbl) — m3(bbl)
------------------ T""""""" mmmmmssmsssssssssssscsccssocesod <——  Minimum fill level
Minimum operating volume remaining in the tank:
m3 (bbl) or mm (in.)
l Top of bottom plate at shell
Notes:
1. Overfill protection level (or Volume) requirement; see APl 2350.
*See 3.6.3.2.
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TABLE L-1—INDEX OF DECISIONS OR ACTIONS WHICH

01 MAY BE REQUIRED OF THE PURCHASER
o3| 113 3.9.6.1 Note El H.5.2.2
119 3.9.7.1 NotesA & D E31Z1,W, H.5.2.2.3
1.1.13 39.7.6 E3.21W, H.5.3.1
1.1.19 39.7.7 E.3.33 H.5.3.2
1.1.20 3.10.2.2 E41G H.5.33
Table -1 App.E, 1,0, & P 3.10.2.4 E53G H.553
F 310253 E.6.2.6 H.5.6
211 3.10.2.7 E6.2.7 H.5.7
212 3.10.2.8 E81 H.5.8
213bé&¢c 31031 E82 H.6.1
2213 3.104.1 F12 H.6.2
Note 1 3.10.4.4 F7.4 H.6.4
225 3.104.5 G.131 H.6.4.1
Note C 3.105 G.132 H.6.4.2
726 3.106 G.1.33 H.6.4.3
2271 3111 G.14.1 1.1.2
2272 4111 G.142 1.1.3
2273 41.2 G.21 1.5.5
2274 421 G.24 1.6.2
2281 5.1.1 G.4.221 1.6.3
2292 514 G.4.231 1.6.4
22104 52.1.1 G.4.2.32 1.7.1
2.3 52.1.7 G.4.25 1.7.32
24.1f 5233 G43 1.7.6
242 524.1 G53 J12
26.2 524.2 G.6.2 J321
27 53.2.3 G7 J362
ol 3158b 535 G8.1 J371
3159e 5.36.2 G.84.1 J37.2
321 544 G.84.2 J382
322 55.1 G9 Ja22
323 6.1.2.7 G.10.11 Appendix L
325 6.1.7.2 G.10.1.2 M.2
331 6.1.8.2 G.113 M.4.2
332 6.34 H.1 N.2.1
333 6.6.11 H.2.1 N.2.2.b
334 7211 H.3.1 N.2.4
34.1 8llef.qgj&n H.4.1.6 N.2.5
36.1.1Notes1& 3 Note H.4.1.8 N.2.6
36.1.2 A1l H.4.1.10 022
36.1.3 A.12 H.4.2.2 0.26
36.1.6 A34 H.4.25 0.3.14
Note A A.41CA H.4.2.6 P1
3632G&CA A6 H.4.2.9 P8.1
364.1 A82 H.4.3.1 P8.2
37.1.2 B.2.2 H.4.33 S12
37.14 B.3.3 H.4.3.3.1 S2.12
3734 B.34 H.4.3.4
3.7.45 B.4.4.1 H.4.35 Notes 1-3 and 5
3752 c1 H.4.4.2 S32G&CA
37.7.1 cal H.4.6.1 S432
Figure 3-4Al Note 1 C332 H.4.6.2 S4.4.3
Figure 3-4B| Note 6 C342 H.4.6.3 S451
NotesC & H C37 H.4.65 S492
Note C c38 H.4.6.6 S4.10.1.1
>, Note 4 C39 H.4.6.7 S4.10.1.2
Note 4 C3101 H.4.6.8 S4.13
3781 ca11 H.5.1.1 S6.a
382 C313 H.5.1.4
387 C3.14 H.5.2.1
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APPENDIX M—REQUIREMENTS FOR TANKS OPERATING AT
ELEVATED TEMPERATURES

M.1 Scope

M.1.1 This appendix specifies additional requirements for
API Standard 650 tanks with a maximum operating tempera-
ture exceeding 90°C (200°F) but not exceeding 260°C
(500°F).

M.1.2 The following shall not be used for operating tem-
peratures above 90°C (200°F):

a Open-top tanks (see 3.9).

b. Floating-roof tanks (see Appendix C).

c. Bolted door sheets (seeA.10 and A.11).

d. Structuraly supported auminum dome roofs (see G.1.1
and note below).

e. Internal floating roofs constructed of aluminum (see H.3.2
and note below).

f. Internal floating roofs constructed of plastic (see H.3.4).

Note: An exception may be made by the purchaser for Itemsd and e,
if the following criteriais met:

a. Allowable stress reductions for auminum aloys are determined
in accordance with ANSI/ASME B96.1, Welded Aluminum Alloy
Sorage Tanks, and alloys are evaduated for the potentia of
exfoliation.

b. Gaskets and seds are evaluated for suitability with elevated
temperatures.

M.1.3 Interna floating roofsin accordance with Appendix H
may be used for operating temperatures above 90°C (200°F),
subject to the applicable requirements of this appendix. The
vapor pressure of the liquid must be considered. Sealing
devices, particularly those of fabric and nonmetallic materials,
shall be suitable for the temperature.

M.1.4 Tanks for smal interna pressures in accordance
with Appendix F may be used for operating temperatures
above 90°C (200°F), subject to the requirements of M.3.6,
M.3.7,and M.3.8.

M.1.5 Shop-assembled tanksin accordance with Appendix J
may be used for operating temperatures above 90°C (200°F),
subject to the applicable requirements of this appendix.

M.1.6 Thenameplate of the tank shall indicate that the tank
is in accordance with this appendix by the addition of M to
the information required by 8.1.1. In addition, the nameplate
shall be marked with the maximum operating temperature in
the space indicated in|Figure 8-1

M.2 Thermal Effects

This appendix does not provide detailed rules for limiting
loadings and strains resulting from thermal effects, such as
differential thermal expansion and thermal cycling, that may

Copyright American Petroleum Institute
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exist in some tanks operating at elevated temperatures. Where
significant thermal effects will be present, it is the intent of
this appendix that the purchaser define such effects. The man-
ufacturer shall propose, subject to the purchaser’s acceptance,
details that will provide strength and utility equivalent to
those provided by the details specified by this standard in the
absence of such effects.

For operating temperatures above 90°C (200°F), particular
consideration should be given to the following thermal
effects:

a. Temperature differences between the tank bottom and the
lower portion of the shell. Such therma differences may
result from factors such as the method and sequence of filling
and heating or cooling, the degree of internal circulation, and
heat 1osses to the foundation and from the shell to the atmo-
sphere. With such temperature differences, it may be
necessary to provide for increased piping flexibility, an
improved bottom-to-shell joint, and a thicker annular ring or
bottom sketch plates to compensate for increased rotation of
the bottom-to-shell joint (see M.4.2).

b. The ability of the bottom to expand thermally, which may
be limited by the method of filling and heating. With such a
condition, it may be necessary to provide improved bottom
welding in addition to the details suggested in Item a.

c. Temperature differences or gradients between members,
such as the shell and the roof or stairways, the shell and stiff-
eners, the roof or shell and the roof supports, and locations
with insulation discontinuities.

d. Whether or not the contents are allowed to solidify and are
later reheated to a liquid, including the effect on columns,
beams, and rafters. The possible buildup of solids on these
components and the potential for plugging of the vent system
should also be considered.

e. The number and magnitude of temperature cycles the tank
is expected to undergo during its design life.

M.3 Modifications in Stress and
Thickness

0°C

for

M.3.1 For operating temperatures not ex i
(200°F), the dlowable stress specified in 3.6.2 (Table 3-2
calculating shell thickness need not be modified.

M.3.2  For operating temperatures exceeding 90°C (200°F),
the alowable stress specified in 3.6.2 shall be modified asfol-
lows: The alowable stress shall be two-thirds the minimum
specified yield strength of the material multiplied by the
applicable reduction factor given in or the value
given ifor product design stress, whichever isless.
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APl STANDARD 650

Table M-1—Yield Strength Reduction Factors

Minimum Specified Yield Strength [MPa (Ibf/in.2)]

Temperature

<310 MPa From = 310 to < 380 MPa > 380 MPa

°C) CF) (< 45,000 Ibf/in2) (= 45,000 to < 55,000 [bf/in.2) (= 55,000 Ibf/in2)
o1 201 091 0.88 0.92

150 300 0.88 0.81 0.87

200 400 0.85 0.75 0.83

260 500 0.80 0.70 0.79

Note: Linear interpolation shall be applied for intermediate values.

M.3.3 Theallowable stress of 145 MPa (21,000 |bf/in.2) in
the equation for shell-plate thickness in A.4.1 shall be multi-
plied by the applicable reduction factor givenin Table M-1.

M.3.4 The requirements of 3.7.7 for flush-type cleanout
fittings and of 3.7.8 for flush-type shell connections shall be
modified. The thickness of the bottom reinforcing plate,
bolting flange, and cover plate shall be multiplied by the
ratio of 205 MPa (30,000 psi) to the material yield strength
at the maximum operating temperature if the ratio is greater
than one.

M.3.5 The structura allowable stresses specified in 3.10.3,
including the allowable stresses dependent on the modulus of
eladticity, shall be multiplied by the ratio of the material’s
yield strength at the maximum operating temperature to 205
MPa (30,000 psi) if the ratio is less than 1.0 (see Table M-1
for yield strength reduction factors).

M.3.6 In the two equations in F.4.1 and F.5, the value 1.1
(30,800) shall be multiplied by the ratio of the materia’s
yield strength at the maximum operating temperature to 205
MPa (30,000 ps) if the ratio is less than 1.0 (see Table M-1
for yield strength reduction factors).

M.3.7 Thealowable stress specified in F.7.2 shall be multi-
plied by the ratio of the materia’s yield strength at the maxi-
mum operating temperature to 188 MPa (27,300 ps) if the
ratio is less than 1.0 (see Table M-1 for yield strength reduc-
tion factors).

M.3.8 If the anchors are insulated, the alowable stresses
specified in Tables 3.21) and 3.22 shall be multiplied by the
ratio of the material’syield strength at the maximum operat-
ing temperature to 205 MPa (30,000 psi) if the ratio is less
than 1.0 (see Table M-1 for yield strength reduction factors).

M.4 Tank Bottoms

M.4.1 Tanks with diameters exceeding 30 m (100 ft) shall
have butt-welded annular bottom plates (see 3.1.5.6).

M.4.2 The following simplified procedure is offered as a
recommended design practice for elevated-temperature tanks
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where significant temperature differences between the tank
bottom and the lowest shell course are expected. The use of
the procedure is not intended to be mandatory. It is recog-
nized that other analytical procedures can be employed as
well as that operating conditions may preclude the need for
such a procedure.

Shell-to-bottom junctions in elevated-temperature tanks
may be evaluated for liquid head and temperature cycles with
the formulas, procedures, and exclusions given below. (See
Conditions a and b in the note below, which exclude tanks
from such analyses.)

Note: A cyclic design life evauation need not be made if all the cri-
teria of either of the following conditions are met:

a. The design temperature difference (T) is less than or equa to
220°C (400°F), K isless than or equal to 2.0, and C is less than or
equal to 0.5.

b. A heated liquid head, in feet, greater than or equal to 0.3(Dt)0S is
normally maintained in the tank, except for an occasional cool-down
(about once a year) to ambient temperatures; T is less than or equal
to 260°C (500°F); and K is less than or equal to 4.0. (For back-
ground information on the development of the stress formulas,
design life criteria, and C and B factors, see G. G. Karcher, “ Stresses
at the Shell-to-Bottom Junction of Elevated-Temperature Tanks")24

In Sl units:;

3 244

9.7 %107
N=Og %5 O

(If Nis greater than or equa to 1300, cycling at the shell-to-
bottom junction is not a controlling factor.)

where

N = number of design liquid level and temperature cycles
estimated for the tank design life (usually less than
1300). Thisdesign procedure containsaconservative

24G. G. Karcher, “Stresses at the Shell-to-Bottom Junction of Ele-
vated-Temperature Tanks,” 1981 Proceedings—Refining Department,
Volume 60, American Petroleum Institute, Washington, D.C., 1981,
pp. 154-159.
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WELDED STEEL TANKS FOR OIL STORAGE M-3

K

S

T

safety margin. It is not necessary to monitor actual
in-service temperature and liquid head cycles,

= stress concentration factor for the bottom plate at the

toe of the inside shell-to-bottom fillet weld,

= 4.0 for shell-to-bottom fillet welds and |ap-welded

bottom plates,

= 2.0 for butt-welded annular plates where the shell-to-

bottom fillet welds have been inspected by 100%
magnetic particle examination (see 6.2). Thismag-
netic particle examination shall be performed on the
root pass at every 13 mm of deposited weld metal
while the weld is being made and on the completed
weld. The examination shall be performed before
hydrostatic testing,

_0.028D°% |S8HG  262CT!" 48BS,f; -
¢ (DI)O'S D' (Dt)l's

= one-half the maximum stress range that occursin the

annular plate at the shell-to-bottom junction weld, in
MPa. The H and CT terms must be large enough to
causeapositive S A negative Sindicatesthat loading
conditions are not sufficient to satisfy the develop-
ment assumptions of this formula. Specifically
stated, the following inequality must be satisfied
when the equation for Sis used:

0.5 2
S8HG L 26.2CTt ~ _ | 4.8BS.1,
(Dt)O.S DI.S (Dt)ls
When the equation for Sis used, the shell thicknesst

must be greater than or equal to the annular-plate
thicknessty,

= difference between the minimum ambient tempera-

ture and the tank’s maximum operating temperature
O,

S, = specified minimumyyield strength of the bottom plate

at the tank’s maximum operating temperature (M Pa),

D = nominal tank diameter (m),

H

G

= differencein filling height between the full level and

the low level (m),

= design specific gravity of theliquid,

t = nominal thickness of the tank’s bottom shell course

(mm),

t, = nominal thickness of the annular bottom plate (mm),

C = factor to account for radial restraint of the tank’s

shell-to-bottom junction with respect to free thermal
expansion (Cpax = 1.0; Ciyjn = 0.25). The actual
design vaue of C shall be established considering

Copyright American Petroleum Institute
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the tank’s operating and warm-up procedure and
heat transfer to the subgrade (see footnote 16),

= 0.85if no C factor is specified by the purchaser,
B = foundation factor (see footnote 16),
= 2.0 for tanks on earth foundations,

= 4.0 for tanks on earth foundations with a concrete
ringwall.

In US Customary units:

6_244

_ [.4x107
N=0 %5 O

(If N is greater than or equal to 1300, cycling at the shell-to-
bottom junction is not a controlling factor.)

where

N = number of designliquid level and temperature cycles
estimated for the tank design life (usually lessthan
1300). Thisdesign procedure contains aconservative
safety margin. It is not necessary to monitor actual
in-service temperature and liquid head cycles,

K = stress concentration factor for the bottom plate at the
toe of the inside shell-to-bottom fillet weld,

= 4.0 for shell-to-bottom fillet welds and lap-welded
bottom plates,

= 2.0 for butt-welded annular plates where the shell-to-
bottom fillet welds have been inspected by 100%
magnetic particle examination (see 6.2). This mag-
netic particle examination shall be performed on the
root pass at every 1/, inch of deposited weld metal
while the weld is being made and on the completed
weld. The examination shall be performed before
hydrostatic testing,

_0.033D°4™ | 63HG , 436CT1"* _ BS,t; _

S
P (Dt)o,s PE (Dt)l’s

= one-half the maximum stressrange that occursin the
annular plate at the shell-to-bottom junction weld, in
pounds per squareinch. TheH and CT terms must be
large enough to cause apositive S A negative Sindi-
cates that loading conditions are not sufficient to sat-
isfy the development assumptions of this formula
Specifically stated, the following inequality must be
satisfied when the equation for Sis used:

6.3HG , 436CTr" _ G s BS. 0
(Dt)(),S D],S (Dt)l,i
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M-4 APl STANDARD 650

When the equation for Sis used, the shell thicknesst M.5 Self-Supporting Roofs
must be grezter than or equal to the annular-plate M.5.1 The requirements of 3.10.5 and 3.10.6, which are

thicknessty, applicable to self-supporting roofs, shall be modified. For
T = difference between the minimum ambient tempera- operating temperatures above 90°C (200°F), the calculated
ture and the tank’s maximum operating temperature minimum thickness of roof p| ates, as defined in 3.10.5 and
°F), 3.10.6, shal be increased by the ratio of 199,000 MPa

(28,800,000 psi) to the material’s modulus of elasticity at the
maximum operating temperature.

M.5.2 Table M-2 shall be used to determine the material’s
modulus of elaticity at the maximum operating temperature.

S = specified minimum yield strength of the bottom
plate at the tank’s maximum operating temperature
(Ibf/in.2),

D = nominal tank diameter (ft),

H = difference nfilling height between thefull levdl and ~~ M-6 Wind Girders
thelow level (ft), In the equation for the maximum height of unstiffened
shell in 3.9.7.1, the maximum height (H4) shall be reduced by
the ratio of the material’s modulus of elagticity at the maxi-
t = nominal thickness of the tank’s bottom shell course mum operating temperature to 199,000 M Pa (28,800,000 psi)
(in.), when the ratio isless than 1.0 (see Table M-2 for modulus of
eladticity values).

G = design specific gravity of theliquid,

tp, = nominal thickness of the annular bottom plate (in.),

C = factor to account for radial restraint of the tank’s
shell-to-bottom junction with respect to free thermal
expansion (Crax = 1.0; Crin = 0.25). The actua

Table M-2—Modulus of Elasticity at the Maximum
Operating Temperature

design value of C shall be established considering Maximum Operating N
the tank’s operating and warm-up procedure and Temperature Modulus of Elasticity
hest transfer to the subgrade (see footnote 16), °C °F MPa Ibf/in.2
= 0.85if no C factor is specified by the purchaser, %0 200 199,000 28,800,000
. 1 1 2
B = foundation factor (see footnote 16), S0 300 95,000 8,300,000
) 200 400 191,000 27,700,000
= 2.0 for tanks on earth foundations,
260 500 188,000 27,300,000
= 4.0 for tanks on earth foundations with a concrete
ringwall. Note: Linear interpolation shall be applied for intermediate values.
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APPENDIX N—USE OF NEW MATERIALS THAT ARE NOT IDENTIFIED

N.1 General

New or unused plates and seamless or welded pipethat are
not completely identified as complying with any listed speci-
fication may be used in the construction of tanks covered by
this standard, under the conditions specified in N.2.

N.2 Conditions

N.2.1 A material may be used if an authentic test record for
each heat or heat-treating lot of materia is available that
proves that the material has chemica requirements and
mechanical properties within the permissible range of a spec-
ification listed in this standard. If the test requirements of the
listed specification are more restrictive than any specification
or authentic tests that have been reported for the material,
more restrictive tests shall be performed in accordance with
the requirements of the listed specification, and the results
shall be submitted to the purchaser for approval.

N.2.2 If an authentic test record is not available or if al the
material cannot be positively identified with the test record by
legible stamping or marking, the following requirements
apply:

a. Each plate shall be subjected to the chemical analysis and
physical tests required by the designated specification, with
the following modifications: The carbon and manganese con-
tents shall be determined in al check analyses. When the
designated specification does not specify carbon and manga-
nese limits, the purchaser shall decide whether these contents
are acceptable. When the direction of rolling is not definitely
known, two tension specimens shall be taken at right angles
to each other from a corner of each plate, and one tension
specimen shall meet the specification requirements.

Copyright American Petroleum Institute
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e b. Eachlength of pipe shall be subjected to achemical check
analysis and sufficient physica tests to satisfy the purchaser
that all of the material is properly identified with a given heat
or hesat-treatment lot and that the chemica and physica
requirements of the designated specification are met. Material
specified as suitable for welding, cold bending, close coiling,
and the like shall be given sufficient check tests to satisfy the
purchaser that each length of material is suitable for the fabri-
cation procedure to be used.

N.2.3 Charpy impact tests must be performed when
required by |Figure 2-1|to verify that the material possesses
the toughness required by [Table 2-4

e N.2.4 After a material is properly identified with a desig-
nated specification and the purchaser is satisfied that the
material complies with the specification in all respects, the
testing agency shall stencil or otherwise mark, as permitted
by the specification, a serial S number on each plate or each
length of pipe (or as aternatively provided for small sizesin
the specification) in the presence of the purchaser.

e N.2.5 Suitable report forms clearly marked “Report on
Tests of Nonidentified Materias’ shall be furnished by the
tank manufacturer or testing agency. The forms shall be prop-
erly filled out, certified by the testing agency, and approved
by the purchaser.

e N.2.6 The purchaser shall have the right to accept or reject
the testing agency or the test results.

N.2.7 The requirements for fabrication applicable to the
designated specification to which the nonidentified material
corresponds shall be followed, and the allowable design stress
values shall be those specified in this standard for the corre-
sponding specification.

N-1
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APPENDIX O—RECOMMENDATIONS FOR UNDER-BOTTOM CONNECTIONS

0.1 Scope

This appendix contains recommendations to be used for
the design and construction of under-bottom connections for
storage tanks. The recommendations are offered to outline
good practice and to point out certain precautions that are to
be observed. Reference should be made to Appendix B for
considerations involving foundation and subgrade.

0.2 Recommendations

0.2.1 The recommendations of this appendix are intended
for use only where significant foundation settlement is not
expected. It is not possible to establish precise limits, but if
predicted settlement exceeds 13 mm (¥/5 in.), the recommen-
dations should be subjected to detailed engineering review for
possible additions, modifications, or eimination of bottom
connections. Particular consideration shall be given to possi-
ble differential settlement in theimmediate area of the bottom
connection and with respect to connecting piping.

0.2.2 The arrangement and details of bottom connections
may be varied to achieve the utility, tightness, and strength
required iling foundation conditions. The details
shown in Figures O-1,|O-2| angl O-3|are examples] Figures O]
d 0-2 |show details used on a concrete ringwall founda-
tion, but similar designs may be used on earth foundations.
mshows another detail used on earth foundations.
Other arrangements of foundation and connection (including
combination sump and pipe) may be used under the provi-
sions of 0.2.6. When required by the purchaser, seismic con-
siderations (see Appendix E) shall beincluded.

0.2.3 Support of the pipe by the soil and bottom connec-
tion shall be evaluated to confirm adequacy and resistance to

liquid, static, and dynamic loads. Both deflection and stress
shall be considered in the evaluation.

0.2.4 Consideration shall be given to predicted settlement
that would affect the relative positions of the tank and pipe or
pipe supports outside the tank (see O.2.1).

0.2.5 Bottom connections used in floating-roof tanks shall
be provided with a baffle to prevent impingement of the inlet
product stream directly against the floating roof.

0.2.6 All details are subject to agreement between the pur-
chaser and the manufacturer.

0.3 Guideline Examples

0.3.1 CONCRETE VAULT AND RINGWALL (SEE
FIGURES O-1 AND 0O-2)

0.3.1.1 The concrete ceiling vault shown in

provides improved support of the tank bottom and shell and
provides more uniform reinforcing-bar distribution around

the ringwall opening than the details shown in Figure O-1

provide.

0.3.1.2 Paticular atention is required for the backfill
specifications and placement of the backfill around the vault
area and around the inside of the entire ringwall. Compaction
shall be adequate to prevent significant localized settlement.

0.3.1.3 Consideration should be given to the soil charac-
terigtics at the different elevations at the bottom of the ring-
wal and the vault, especidly for the deeper vaults to
accommodate the larger connections.

0.3.1.4 Recommended detaills and dimensions are
shown in|Figures O-1 ang O-2|and| Table O-1, Dimension

Table O-1—Dimensions of Under-Bottom Connections

Inlet
Diameter mm (in.)
NPS
D B/2 E F G H J K L W2 T SrP
6 525(21) 225(9) 350(14) 750(30) 575(23) 300(12) 1125(44) 1975(78) 925(36) 16(%/g) STAWF85
8 550(22) 250(10) 400(16) 825(32) 650(26) 300(12) 1150(45) 2050(81) 950(37) 16(%/g) STAWF85
12 600 (24) 300(12) 450(18) 875(34) 750(30) 300(12) 1200(47) 2150(85) 1000(39) 16(%g) STEWF13.5
18 675(27) 375(15) 500(20) 950(37) 900(35) 300(12) 1300(51) 2325(92) 1075(42) 16(%lg) STEWF13.5
24 750(30) 450 (18) 600 (24) 1050 (41) 1075(42) 300(12) 1400 (55) 2550 (100) 1150 (45) 16 (%) STEWF13.5
30 850(33) 525(21) 750(30) 1150(45) 1300(51) 300(12) 1500(59) 2750 (108) 1225(48) 16(%g) ST6WF13.5
36 925(36) 625(25) 925(36) 1275(50) 1550 (61) 300(12) 1625(64) 3000 (118) 1300(51) 16(%/g) ST8WF18.0
42 1000(39) 700(28) 1075(42) 1375(54) 1775(70) 300(12) 1725(68) 3200 (126) 1375(54) 16(%g) ST8WF18.0
48 1075(42) 825(32) 1225(48) 1475(58) 2025(80) 300(12) 1825(72) 3400 (134) 1450(57) 16(%/g) ST8WF18.0

aApplies only td Figure O-1| For tank heights greater than 19.2-21.6 mm (6472 ft) inclusive, 19 mm (3/4-in.) plate shall be used. T shall
not be less than the thickness of the annular plate.

be used to support the load.

O-2For diameters not shown, the dimensions of the next larger size shall be used.

bOther composite sections m
Note: Figures O-1

O-1
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Annular or See Detail ¢
sketch plate

| /

( - |
—|  |«— 32 mm (1%") min \T 1
T

- F
Detail a Ringwall
. A
o 1 -
Annular or s 1 [LH- Shell E
sketch plate | Y
End of beam 25 mm
must be over wall (17) min Detail b
radlus‘

/% 75 mm (3") min radius

! 10 mm (3/8") plate 30° 10°
I [ ey == —
W/2 Lo Split tee b
A o (see [Table A
Lo ﬁ 10-1) H B2,
1 [ | \
L _ I T | 1 ' _ J T [
| T J Pipe
—> 150 mm (6") overhan " iecti
F T I o cordiecton Atermate
N g of shell plate prng
PLAN VIEW Detail ¢
G ¢ K J
|« >l »le _ Steel beam to support all
Tank Split tee calculated loads at shell
bottom <_l T See Detail a
32 mm | | &mm | B ) enr
(La") PRIE e (1) + | s
min Y Detailc T 25 mm (1") min T oA
TN, L |/ L~ grout or fiberboard T f _J\/ o
zzzal ) (also around top Grout or o
R\ (3/8'?g]late []___of vault wall) fiberboard '
F J e
«— Shortradius
H| ¥ | —|— s 1 elbowalso b %
A ) see Detail b) Support plate
E optional
I Design support ] (depending
o] Thrustz. as required . on nozzle
<+ | block [~ for load load)
B
L <—| Reinforcing bars to be continuous
fe—> around vault opening
300 mm
(12") min VIEW B-B
SECTION A-A (tank shell omitted for clarity)
Figure O-1—Example of Under-Bottom Connection With Concrete Ringwall Foundation
K is considered adequate to place the connection out of vide at least 300 mm (12 in.) between the edge of the
the influence of shell-to-bottom rotation when the tank is pipe connection or reinforcing plate and the inner edge
statically loaded. Seismic loading shall be analyzed for of the annular plate or to locally extend the annular plate,
additional considerations. The method shall be a matter thickened if necessary, to encompass the bottom connec-
of agreement between the manufacturer and the pur- tion. The dimensions in Table O-1 may be changed to
chaser. When the tank bottom has annular plates (thicker achieve desired clearances for installations, inspections,
than the tank bottom), it is recommended either to pro- and the like.
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WELDED STEEL TANKS FOR OIL STORAGE 0-3

Ringwall i
Tank bottom Annular plate (see note) —l l_ 9 See Detail b _{

\ l {
A
Shell plate T
F
A\
A
E
T \
A Bf A Detail a
L & —T— Alternative backup ring 30° 10°
Grout 13 mm
PARTIAL PLAN VIEW (M2") mlnl
Sand = ¢ .
As required I} \ij = TI’L"—-
for clearance K - — - Pipe
< 'i‘ > ] |e—
See Detail b Annular
x sand plate B A
Tank bottom Grout (see note) Slab roof to be designed _
| W to carry liquid load over Detail b
l : K the opening
| —— , —¢
T !
25 mm o=
W i R
(2") min g 3
08
<
Y
A
E
Thrust block — Design support as %eet a}llso B Reinforcing t;e:gsu;odt:;ﬁﬁrgmeun?ﬁs
required to support load —ct! @ Nozzle support pening
optional
(depending on load)
SECTION A-A VIEW B-B

Note: If sketch plates are used, a full plate shall be located over the vault.

Figure O-2—Example of Under-Bottom Connection With Concrete Ringwall Foundation
and Improved Tank Bottom and Shell Support

0.3.1.5 Concrete walls, floors, and ceilings shal be ated to ensure that reasonably uniform settlement (if any) will
designed to meet the minimum requirements of ACI 318 and occur under the loads imposed.
local soil conditions. 0.3.2.3 When the pipe is connected to the bottom at an

i angle, consideration should be given to design for unbalanced
©.3.2 EARTH FOUNDATION (SEE FIGURE O-3) forcesif the pipeis trimmed flush with the bottom.

0.3.2.1 The detail shown ir Figure O-3 |provides an alter- _ . . -
. . . 0.3.2.4 When seismically-induced loadings are specified,
native arrangement for tanks where a concrete ringwall is not such loadings under the tank bottom and shell shall be cor-

provided. sidered when the depth and type of backfill around and over
0.3.2.2 Soil and backfill support capability shall be evalu- the pipe are selected.
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Coarse stone
or gravel

300 mm (12") min

.

y

«—12m@4)—>|=

3 m (10) min > |

—— 75 mm (3") min of compacted crushed
stone, screenings, fine gravel, clean
sand, or similar material

<+— Tank shell

—“+»c 45° See Detail b

Tank bottom See Detail a ﬁ Slope 25 mm (1)
1.5m (60"
' T e,

Tank bottom

L Undisturbed soil
150 mm (6") of oiled sand C Thoroughly compacted fill of
gravel, coarse sand, or

other stable material

— 75 mm (3") min of compacted crushed
stone, screenings, fine gravel, clean
sand, or similar material
150 mm (6") layer of oiled sand

300 mm*?

SECTION C-C (12") min,

Thoroughly compacted fill of
gravel, coarse sand, or
other stable material

Bottom plate —T

Detail a

Protective coating for piping

Pipe OD Undisturbed soil

30° min

/— Bevel pipe after cutoff

L Bottom plate

Alternative backup ring

Bottom plate —T B

Alternative backup ring

Detail b

Note: This type of connection shall not be used for tanks with a diameter of less than 6 m (20 ft).

Figure O-3—Example of Under-Bottom Connection With Earth-Type Foundation
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APPENDIX P—ALLOWABLE EXTERNAL LOADS ON TANK SHELL OPENINGS

Note numbering changes in headers throughout Appendix P (starting with P.2, Limit Loads).

P.1 Introduction

This appendix presents two different procedures dealing
with loads on tank shells. Section P2 establishes limit loads
and P3 is based on alowable stresses. This appendix is based
on H. D. Billimoriaand J. Hagstrom’s “ Stiffness Coefficients
and Allowable Loads for Nozzles in Flat Bottom Storage
Tanks’ and H. D. Billimoriaand K. K. Tam’s “ Experimental
Investigation of Stiffness Coefficients and Allowable Loads
for aNozzle in aFlat Bottom Storage Tank.”

P.2 Limit Loads
P.2.1 SCOPE

This appendix establishes minimum recommendations for
the design of storage tank openings that conform tg Table 3-5)
and will be subjected to externa piping loads. This appendix
shall be used only when specified by the purchaser and is rec-
ommended only for tanks larger than 36 m (120 ft) in diame-
ter. The recommendations of this appendix represent accepted
practice for the design of shell openings in the lower half of
the bottom shell course that have a minimum elevation from
the tank bottom and meet the requirements of | Table 3-6| It is
recognized that the purchaser may specify other procedures,
specid factors, and additional requirements. When the use of
this appendix is specified, any deviation from its require-
ments shall be mutually agreed upon by the purchaser and the
manufacturer. It is not intended that this appendix necessarily
be applied to piping connections similar in size and configu-
ration to those on tanks of similar size and thickness for
which satisfactory service experienceis available.

P.2.2 GENERAL

The design of an externa piping system that will be con-
nected to a thin-walled, large-diameter cylindrical vertica
storage tank may pose a problem in the analysis of the inter-
face between the piping system and the tank opening connec-
tions. The piping designer must consider the stiffness of the
tank shell and the radial deflection and meridional rotation of
the shell opening at the opening-shell connection resulting
from product head, pressure, and uniform or differential tem-
perature between the shell and the bottom. The work of the
piping designer and the tank designer must be coordinated to
ensure that the piping loads imposed on the shell opening by
the connected piping are within safe limits. Although three
primary forces and three primary moments may be applied to
the mid-surface of the shell a an opening connection, only
one force, Fg, and two moments, M, and M¢, are normally
considered significant causes of shell deformation (see P.3 for
adescription of the nomenclature).

Copyright American Petroleum Institute
Reproduced by IHS under license with API

P-1

P.2.3 NOMENCLATURE

a=
E =
FR:

Fp=

outside radius of the opening connection (mm) (in.),

modulus of elasticity (MPa) (Ibf/in.?) (segfTable P-1),
radial thrust applied at the mid-surface of the tank
shell at the opening connection (N) (1bf),

pressure end load on the opening for the pressure
resulting from the design product head at the eleva-
tion of the opening centerline, T@2P (N) (Ibf),
design specific gravity of theliquid,

maximum allowable tank filling height (mm) (in.),
stiffness coefficient for the circumferential
moment (N-mm/radian) (in.-Ibf/radian),

stiffness coefficient for the longitudinal moment
(N-mm/radian) (in.-1bf/radian),

stiffness coefficient for the radial thrust load
(N/mm) (Ibf /in.),

vertica distance from the opening centerlineto the
tank bottom (mm) (in.),

circumferential moment applied to the mid-surface
of the tank shell (N-mm) (in.-1bf),

longitudinal moment applied to the mid-surface of
the tank shell (N-mm) (in.-Ibf),

pressure resulting from product head at the eleva-
tion of the opening centerline (MPa) (Ibf/in.2),
nominal tank radius (mm) (in.),

shell thickness at the opening connection (mm)
(in),

normal operating temperature minus installation
temperature (°C) (°F),

unrestrained radial growth of the shell (mm) (in.),
resultant radial deflection at the opening connec-
tion (mm) (in.),

L +a(mm)(in.),

L —a(mm) (in.),

L (mm) (in.),

coefficient determined from|(Figure P-4B,

= coefficients determined from Figure P-4A

thermal expansion coefficient of the shell material
[mm/(mm-°C)] [in/(in.-F)] (seq Table P-1),

characteristic parameter, 1.285/(Rt)%-> (1/mm)
(Vin),

a/ (R)°S,
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Table P-1—Modulus of Elasticity and Thermal
Expansion Coefficient at the Design Temperature

Design Thermal Expansion
Temperature  Modulus of Elagticity Coefficient?
03] ——  MPa(lbflin?) [mm x 10-8/(mm-°C)]

°C °F E (inches x 1078 per inch-°F)
20 70 203,000 (29,500,000) —
90 200 199,000 (28,800,000) 12.0(6.67)

150 300 195,000 (28,300,000) 12.4(6.87)

200 400 191,000 (27,700,000) 12.7 (7.07)

260 500 188,000 (27,300,000) 13.1(7.25)

aViean coefficient of thermal expansion, going from 20°C (70°F)
to the temperature indicated.

Note: Linear interpolation may be applied for intermediate values.

6 = unrestrained shell rotation resulting from product
head (radians),
6c = shell rotation in the horizontal plane at the opening
connection resulting from the circumferential
moment (radians),
6. = shdll rotation in the vertical plane at the opening

connection resulting from the longitudinal moment
(radians).

P.2.4 STIFFNESS COEFFICIENTS FOR OPENING
CONNECTIONS
The tiffness coefficients Kg, K, and K¢ corresponding to
the piping loads Fg, M| , and M at an opening connection, as
shown i Figure P-1] shall be obtained by the use of [Figures |
P-2A through P-2L | Figures P-2A |throug shall be used
0 Interpolate intermediate values of coefficients.

P.2.5 SHELL DEFLECTION AND ROTATION
P.2.5.1 Radial Growth of Shell

The unrestrained outward radial growth of the shell at the
center of the opening connection resulting from product head
and/or thermal expansion shall be determined asfollows:

In Sl units:
—6 2
01‘ w=28x10 GHR [1 —ePleos (BL)—A} + QRAT
Ei H
In US Customary units:
2
‘ = QOISGHR [\ #t o (@1) L] sarar
Et H
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P.2.5.2 Rotation of Shell

The unrestrained rotation of the shell at the center of the
nozzle-shell connection resulting from product head shall be
determined as follows:

In Sl units:

—6 2
0= 9.8x10 GHR xE,l_

Be P [ cos(BL) + sin(BLY]E
Et 0

In US Customary units:

2
o = QO36GHR™ 01

> Be L cos(BL) + sin(BL)]E

P.2.6 DETERMINATION OF LOADS ON THE
OPENING CONNECTION

The relationship between the elastic deformation of the
opening connection and the external piping loadsis expressed
asfollows:

F oM, 0
W, = =L —Ltan G0+ W
Ky KO

o <M. 0FRO
) = — —tan
K; %KR[I
M
- _C
%
c

Kr, KL, and K¢ are the shell stiffness coefficients deter-
mined from|Figures P-2A through W, 6, and B¢ are
the resultant radia deflection and rotation of the shell at the
opening connection resulting from the piping loads Fg, M|,
and M¢ and the product head, pressure, and uniform or differ-
ential temperature between the shell and the tank bottom. Fg,
M, and M¢ shdll be obtained from anayses of piping flexi-
bility based on consideration of the shell stiffness determined
from through[ P-2L,| the shell deflection and
rotation determined as described in P2.5, and the rigidity and |03
restraint of the connected piping system.

P.2.7 DETERMINATION OF ALLOWABLE LOADS
FOR THE SHELL OPENING

P.2.7.1 Construction of Nomograms

P.2.7.1.1 Determine the nondimensiona quantities Xa/
(RDOS, Xg/(R)05, and X/(Rt)%-5 for the opening configura-
tion under consideration.

P.2.7.1.2 Lay out two sets of orthogonal axes on graph

paper, and label the abscissas and ordinates as shown in Fig- o1
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Y
Mc = M,
F.=F
R | L Y
Vv
S
@V
A Y
¥
| X
©
A N g = - -
/FRzFX M. = M
T = My
v Z
A
><< - ><U
< i B

CIRCUMFERENTIAL

_’I |‘_ WRF(+)

| RADIAL LOAD Fq
i

Fr D o
0.0 - Wee =Fr/Kg
L)
L 0, = tan-! (Wg/L)
/

MOMENT M,

()

Figure P-1—Nomenclature for Piping Loads and Deformation

ures P-3A and P-3B, whereYC, Y 'YL are coefficients

determined from Figures P-4A ang P-4B
P.2.7.1.3 Construct four boundaries for|Figure P-3A|and

two boundaries fo Boundaries by and b, shall
be constructed as Tines a 45-degree angles between the
abscissa and the ordinate. Boundaries ¢, ¢y, and c3 shall be
constructed as lines at 45-degree angles passing through the

calculated value indicated in [Figures P-3A andE P-3B |plotted

on the positive x axis.

P.2.7.2 Determination of Allowable Loads

P.2.7.2.1 Usethevauesfor Fg, M, and M¢ obtained from
the piping analyses to determine the quantities (A / 2Yg) (Fg/
Fp), ()\ / aYL)(ML/Fp), and 0\ / aYc)(Mchp).

P.2.7.2.2 Plotthepoint (A / 2Yg)(Fr/Fp), (A / aY) (M, /Fp)
on the nomogram constructed as shown in
P.2.7.2.3 Plotthepoint (A / 2Yg)(Fr/Fp).(A L aYc)Mc/Fp)

on the nomogram constructed as shown in Figure P-5B

P.2.7.2.4 The external piping loads Fgr, M|, and Mc to be
imposed on the shell opening are acceptable if both points
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determined from P2.7.2.2 and P2.7.2.3 lie within the bound-
aries of the nomograms constructed for the particular open-
ing-tank configuration.

P.2.8 MANUFACTURER AND PURCHASER
RESPONSIBILITY

P.2.8.1 The manufacturer is responsible for furnishing to
the purchaser the shell stiffness coefficients (see P2.4) and
the unrestrained shell deflection and rotation (see P2.5). The
purchaser is responsible for furnishing to the manufacturer
the magnitude of the shell-opening loads (see P2.6). The
manufacturer shall determine, in accordance with P2.7, the
acceptability of the shell-opening loads furnished by the pur-
chaser. If the loads are excessive, the piping configuration
shall be modified so that the shell-opening loads fall within
the boundaries of the nomograms constructed asin P2.7.1.

P.2.8.2 Changing the elevation of the opening and chang-
ing the thickness of the shell are alternative means of reduc-
ing stresses, but because these measures can affect
fabrication, they may be considered only if mutually agreed
upon by the purchaser and the manufacturer.

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



APl STANDARD 650

o1]

Copyright American Petroleum Institute
Reproduced by IHS under license with API

Stiffness coefficient K /E x (2a) for radial load on nozzle

Stiffness coefficient K, [E x (2a)3 for longitudinal moment

Reinforcement on shell

- L/f2a=10
1x1072 £ N =
C I — a /R =0.005 ]
N N i
\\
1x10° E =
- ™~ ~t— a/R=0.02 .
. \\\ i
p IS

1x10% ¢ K ~] 3
= N -
- a[R=0.04 .
L - _
1x105 | L
= Rt —= =

1x10°
o o o o O O 0O o o o
o o o o O OO O o o
™ < [T © N~ 00O O o o
— N ™

Figure P-2A—Stiffness Coefficient for Radial Load:

Reinforcement on Shell (L / 2a = 1.0)

Reinforcement on shell

E L/2a =10 E
1x1072 | N =
- \\ o /R = 0.005 .
- \\ -
1x1073 =
- \\ A a/rR=002 .
- < ]
L ~ ~ N
~
1x10% k& § >~ .
= I~ =
- K e -
= a[R=0.04 ]
— \ —
1x10°5 |- B .
- R/t — ]
1x10°°
o o o o O OO O o o
o (=) o o O OO O o o
™ < n ©O© N~ 0O O o o
— N ™
Figure P-2B—Stiffness Coefficient for Longitudinal Moment:

Reinforcement on Shell (L / 2a =1.0)
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Reinforcement on shell

5 o L/2a=10 ]
: LD —
B 1x1072 & -
E = \\ a— a /R =0.005 3
5 - ]
£ - ™ .
3 — —
o
S 1x10° E —
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g - N »~—a/R=002 N
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L \
\o 1X10_4 — =
N7 = \ N =
= C K\\ ]
2 N
2 - ]
8 N~
% - _ —
o a[R=0.04
© 1x10°5 | =
[} — =
o = 3
= - R/t ——= S~
ﬁ - —
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Figure P-2C—Stiffness Coefficient for Circumferential Moment:
Reinforcement on Shell (L / 2a = 1.0)

Reinforcement on shell

o C Lf2a=15 ]
N

N L _
o

c

c 1x1072 = =
o — =
© — —
I - 7
S . ~ .
= - ) ]
= L — a /R =0.005 _
g ]
5 1x1073 =
T = ™~ I
) - ]
x B \\r\ a/R=0.02 7
& . \ N

F 1x10 & -
N4 = =
£ = K\\\\ NE
@ - N —
S C ~ ]
£ - ]
GJ — —
3 a /R =0.04 \

B 1x10°5 | -
Q — =
Q = 3
E = =
& - R/t —— -

1x10-8
o o o O O O o O o o
o o o O O OO O o o

Figure P-2D—Stiffness Coefficient for Radial Load:
... .Reinforcement on Shell (L / 2a = 1.5)
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Reinforcement on shell
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Figure P-2E—Stiffness Coefficient for Longitudinal Moment:
Reinforcement on Shell (L / 2a = 1.5)

Reinforcement on shell

é - L/2a=15 ]
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s 1x107 =
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\o 1 x 10_4 — \ =
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Figure P-2F—Stiffness Coefficient for Circumferential Moment:
Reinforcement on Shell (L / 2a =1.5)
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Stiffness coefficient K /E x (2a) for radial load on nozzle

Stiffness coefficient K /[E x (2a)? for longitudinal moment

1x10°?

1x10-3

1x10

1x10-°

1x10°®

F

Reinforcement on opening (neck) only
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igure P-2G—Stiffness Coefficient for Radial Load:

Reinforcement in Nozzle Neck Only (L / 2a = 1.0)

Reinforcement on opening (neck) only
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Figure P-2H—Stiffness Coefficient for Longitudinal Moment:

Reinforcement in Nozzle Neck Only (L / 2a = 1.0)
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Stiffness coefficient K. /[E x (2a)? for circumferential moment

Stiffness coefficient K; [E x (2a) for radial load on nozzle
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Reinforcement on opening (neck) only
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Figure P-2|1—Stiffness Coefficient for Circumferential Moment:
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Reinforcement in Nozzle Neck Only (L / 2a = 1.0)

Reinforcement on opening (neck) only
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Figure P-2J—Stiffness Coefficient for Radial Load:
Reinforcement in Nozzle Neck Only (L / 2a = 1.5)
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Stiffness coefficient K [E x (2a)? for longitudinal moment

Stiffness coefficient K. [E x (2a)3 for circumferential moment
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Reinforcement

on opening (neck) only
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Figure P-2K—Stiffness Coefficient for Longitudinal Moment:
Reinforcement in Nozzle Neck Only (L / 2a = 1.5)
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Figure P-2L—Stiffness Coefficient for Circumferential Moment:
Reinforcement in Nozzle Neck Only (L / 2a = 1.5)
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P.2.9 SAMPLE PROBLEM
P.2.9.1 Problem

A tank is 80 m (260 ft) in diameter and 19.2 m (64 ft) high,
and its bottom shell course is 34 mm (1.33 in.) thick. The tank
has a low-type nozzle with an outside diameter of 610 mm (24
in.) in accordance with API Standard 650, and the nozzle center-
line is 630 mm (24.75 in.) up from the betterm-platewith rein-
forcement on the opening (neck) only (seg Figure P-6). What are
the end conditions (W, 6, Kg, K, and K¢) for an analysis of pip-
ing flexibility? What are the limit loads for the nozzle?

a = 305mm (12in.),
L = 630mm (24.75in.),
H = 19,200 mm (64 x 12 =768in.),
AT = 90-20=70°C (200 — 70 = 130°F),
R = 80,000/2 = 40,000 mm ((260 x 12)/2 = 1560 in.),

t

34 mm (1.33in.).

P.2.9.2 Solution

P.2.9.2.1 Cadculate the stiffness coefficients for the nozzle-
tank connection:

R/t = 40,000/34=1176 (1560/1.33 = 1173)
a/R = 305/40,000=0.008 (12/1560 = 0.008)
L/2a = 630/61001.0 (24.75/2411.0)

For theradial load (from Figure P-2G),

In Sl units:

K
R_—31x107"
EQ2a)

Kr = (3.1 x 1074)(199,000 N/mm?)(610 mm)
=37.6 N/mm

In US Customary units:

K
R_—31x107"
EQ2a)

Kr=(3.1x1074)(28.8 x 106 Ib/in.2)(24 in.)
=214 x 103 Ibf/in.

For the longitudinal moment (fronp Figure P-2H),

In Sl units:;

K
L - =3.0x 107
E(2a)

K, = (3.0 x 104)(199,000 N/mm?2)(610 mm)
=13.6 x 109 N-mm/rad
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Reproduced by IHS under license with API

In US Customary units:

K
L - =3.0x 107
E(2a)

K = (3.0 x 10%4)(28.8 x 106)(24)3

=119 x 108 in.-Ib/rad

For the circumferential moment (fron| Figure P-21),

In Sl units:;

K
¢ - = 5.0% 107
E(2a)

Kc = (5.0 x 104)(199,000 N/mm?)(610 mm)3
=22.6 x 109 N-mm/rad
In US Customary units:

K
C_=50x10"
E(2a)

Kc = (5.0 x 1074)(28.8 x 10%)(24)3

=199 x 108 in.-Ib/rad

P.2.9.2.2 Cadculate the unrestrained shell deflection and
rotation at the nozzle centerline resulting from the hydrostatic
head of the full tank:

In Sl units:
p= 12 = LI - 000110 mm
(R)™ (40,000 x 34)""
BL = (0.00110)(630) = 0.7 rad
9.8 x 10 °GHR?[, -BL L
W = —'—-———-—[l—e COS(BL)__]"GRAT 00
Et H

(9.8 x 107°)(1)(19,200)(40,000)*
(199,000)(34)

[1—e‘°‘7cos(o.7)- 630 }+(12.0x1045)(4o,000)(70)

19,200

= 59.77 mm
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(A JaY ) (M [Fp)

|<_C,—

0.1or
[1.0-0.75Xg [ (R1)0%],
whichever is greater

(A 2Ye) (Fe [Fp)

— O.lor
[1.0-0.75X ./ (Rt)°%],
— whichever is greater

Figure P-3A—Construction of Nomogram for b4, bs, ¢4, Co Boundary

1.0

(A JaYe) (M [Fy)

— 0.1or
;_5— [1.0-0.75X o/ (Rt)°5],

whichever is greater

L v /2v) (Fe fFD)
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Two-thirds of the required reinforced area must be located

within a + 0.5 (Rt )°° of the opening centerline
ID—H

30 T T T TTTT
20
10 5
s |
g
03] 5 5F =
s E \ -
_ -
2
Y, J/ \
1E i
0.7 = | EERERTY -
0.1 02 03 05 1.0 2.0
A=af(Rt)%s = (af R)(R/ )08
Figure P-4A—Obtaining Coefficients Yg and Y
-6 2 2
O - . H . -0.7 .
00 o= 810 GHROL o iy aryy ooaryb _ 0036(1)(7668)(1560) e cos(0.7)—2;t6;5}
Et mgd 0 (28.8 x 107)(1.33)
+ (6.67 x 10-6)(1560)(130)
_ (9.8 x107°)(1)(19.200)(40.000)* = 2:39inches
(199,000)(34) ,
[l - 0
o= QA00HE e PELcos(BL) + sin (L)
[l — . 0 0
5 1200 ~0.0011¢ " Tcos(0.7)+sin(0.7)]5
) O 2
= 0'036(1)(763)(1560) %——Be_(”[cos(0.7)+sin(0.7)]g
- 0032 rad (28.8 x10%)(1.33) 68 0
: = -0.032 rad
10 US Customary units Perform the analysis of piping flexibility using W, 8, Kg,
K, and K¢ as the end conditions at the nozzle-to-piping
_ 1.285 _ 1.285 _ . .
B= i 05 0.0282 in. connection.
Rt)™ 1560 x 1.33) ™
(1) ( ) Xp = 935mm (36.75in.)
BL = (0.0282)(24.75) = 0.7 Xg = 325mm (12.75in.
Xc = 630mm (24.75in.)
2
W= W{l —ePleos(BL) =L |+ arAT Determine the allowable loads for the shell opening, as in
Et H P2.9.2.3.
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Two-thirds of the required reinforced area must be located
within a + 0.5 (Rt )5 of the opening centerline :
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0
A=af/(Rt)**=@[/R)(R/1)°* >

Figure P-4B—Obtaining CoefficientY¢
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P-14 APl STANDARD 650

1.0 = (M ay,)) (M [Fp)

+Fg, +M
( —Fr, tM (tension at B controls)
compression

at A controls)

Ll o2v) (FefFo)

+ FRv -M L
(tension at A controls)

—Fr, —M | -
(compression N
at B controls) N

Figure P-5A—Determination of Allowable Loads from Nomogram: Fg and M

AM,
A “E: M.
1.0 — (A [aYe)(Mc [Fp) B | Fr

+Fp, £M¢
(tension at C' controls)

—Fg £M ¢
(compression
at C controls)

Ll J2Ye) (Fe/Fo)
-1.0 -0.5 0.5 1.0

Figure P-5B—Determination of Allowable Loads from Nomogram: Fr and M¢
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——>| |+—— 34 mm (1.33")

Y
03
2a=610 mm (24")
L =630 mm (24.75")
7 ]
Figure P-6—Low-Type Nozzle with Reinforcement in
Nozzle Neck Only (for Sample Problem)
P.2.9.2.3 Determine the nondimensional quantities: From Figures P-4A|and P-4B,
NS units YL = 7.8mm(in)
Ye = 20mm(in.)
Xy 935 = .80 _
0.5 - 0.5 - Y YC = 15.0mm (|n.)
(R?) [(40,000)(34)]
P.2.9.2.4 Construct theload nomograms (se¢ Figure P-7):
X
Bos - 22 05 0.28 In Sl units:
(Rt)™ [(40,000)(34)] ™
X, 325
X 1.0-0.75—2— = 100752222 = 0.79
< - 00 =054 T O166]
(R1)™ [(40,000)(34)]
X
_ A~ q0_07509350 -
A = A05 _ 305 = 026 1.0 0.75(Rt)0‘5 1.0—0.75 =5 = 040
(Rt)™ [(40,000)(34)]
X,
c_ _ 06300 _
. 1.0-0.75 =1.0-0.757—— = 0.59
In US Customary units: (R)™ U 1664
X
- 36.75 — =031 Fp, = P’ = (9800)(1.0)(19.2—0.630)11(0.305)°
(R)™ [(1560)(1.33)]
=53,200N
X
B 12.75
= = 0.28 AN 026 g F -
0.5 0.5 N - _V.26 [J R [] =122x10 6F
X,
c _ 24.75 _ M, M .
05 o5 - 04 A g 020 0 7L 0o 5051070,
(R?) [(1560)(1.33)] aY,oFp0  (305)(7.8)053,2000
N = s B =026 AP 026 nMep_ 4,07y
®RH)” [(1560)(1.33)]" aYoOFpd  (305)(15)553,2000 ¢
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-Fg, t M,

(compression at A controls) \

(N ay)) M [Fp)

+Fg, t M
/— (tension at B controls)

(A 2Ye) (Fe [Fy)
|

- FR' - ML
(compression at B controls)

M C
3
A
c' C
B
-Fg + M
(compression at C controls) \
03 “Frt M

(compression at C' controls)

I
1.0

+Fg,- M
(tension at A controls)

<4— 04 —»

(A [aYe) Mc[Fe)

— 1.0

<4+—— 059 —»

+Fg + M
| _—— (tension at C' controls)
! / + FR! -M c
(tension at C controls)
1

(A 2Ye) (Fe [Fy)

-1.0

I I
0.5 1.0

Figure P-7—Allowable-Load Nomograms for Sample Problem
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In US Customary units:

1.0-0.75 1.0-0.753270 = .79

(R))" Uss5.60
10-0.75—4— = 1.0~ 07557’46 755 = 040

(Rt)™

X 4757 _

1.0-0.75 = 1.0-0.7522700 = g 59

(Rt)o‘s Ug5 601
Fp=Pra" = { 62'147281'0 }[(64)(12)—24.75]1‘[122

= 12,142 pounds

AT 026 H "R H_ 535,107 Fp
2Y (5 (2)(20)%214D

A M, 026 O M
i = =229%x10 M
aY, oFp0  (12)(7. 8)%2 1420

A M 026 U Mo O -9
AT = ———T]=119%10 M
aYoFp0  (12)(15)02,1425 ¢

P.2.9.2.5 Determinethe limit piping loads.
In Sl units:
For M =0and Mc =0,

A OF 6
For +Fg, == = 1.22x10 Fp<04
2YpdH0
A F -
For +Fg, —%ﬁ = -122x10 Fr<-1.0
ZYF il
Therefore,
T max = L_- =328,000 N (tension a A controls)
1.22 x10
~Fpmax = ——_Q: =-820,000 N (compression a B controls)
1.22x10

For M =0and Fr =0,

For +Mc, - Fots = 1,07 101, <059

o y
For Mo, 2 FoCT = 11,07 x 10 M ~0.59

Copyright American Petroleum Institute
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Therefore,
+M, =039  _550x108N-mm (tension at C' controls)
Cmax 9
1.07x10
M. =—=959 - 550x105N (tension a C controls)
Cmax 9
1.19x10

For Fr=0and Mc =0,

0 )
For +My, —2 [t = 2.05 x 1070, <0.79

oM,0 y
For My, —2-G-57 = 2.05x 107M, <04

a¥, OF p0
Therefore,
M, =—979  —335%106N-mm (tension a B con-
Lmax .
2.05 x10
trols)
M ax = L"_ =-195 x 10% N-mm (tension at A con-
2.05 x10
trols)
In US Customary units:

For M =0and M¢c =0,

A O -6
For +Fgr, — =535x10 Fp<04
2YpO A
A O -6
For Fgr, — = —535x10 Fp<-1.0
2Y ]
Therefore,
___ 04 — ;
HFpmax = ————— = 74,800 Ibf (tension at A controls)
5.35x10
___ 04 _ -
—Fpmax = ——— =—187,000 Ibf (compression at B con-
5.35%10

trols)

For M_ =0and Fr=0,

M, y
For +Mc, oGS = 119 x 1074, < 0.59
aY DFPIZI
o
For-Mc, (57 = 119 10 M <059
a¥cOFp0]
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APl STANDARD 650

Therefore,
Moy = &_7 =4.95 x 108 in.-Ibf (tension a C' controls)
1.19 x10
~ Mgy = —-0—5-9—3 =-4.95 x 108 in.-Ibf (tension at C con-
1.19%10
trols)

For Fr=0and M¢c =0,

M,0 _
For +My, —-[-47 = 229 % 10 "M, <0.79
aYLDFPD
M,0 .
For M, -5l = 220 x 107M, <—0.4
aY, OFp00
Therefore,
My = =0T =344 108in-1bf (tension at B con-
2.3 x10
trols)
M ok = ——_ﬂ—_; =174 x 10%in.-Ibf (tension at A controls)
2.3 %10

P.2.9.3 Summary
Thelimit piping loads are asfollows:

In Sl units:
+Frmax = 328,000 N (tension at A controls)
—Frmax = —820,000 N (tension at B controls)
+Mcmax = 550 x 106 N-mm (tension at C' controls)
~Mcmax = —550 x 108 N-mm (tension at C controls)
+M| max = 385 x 10% N-mm (tension at B controls)

~Mimax = —195 x 106 N-mm (tension at A controls)

In US Customary units:
+Frmax = 74,800 Ibf (tension at A controls)
—Frmax = —187,000 Ibf (tension at B controls)
+Mcmax = 4.95 x 108 in.-Ibf (tension at C' controls)
~Mcmax = —4.95 x 108 in.-|bf (tension at C controls)
+M| max = 3.44 x 108 in.-Ibf (tension at B controls)
~Mimax = —1.74 x 108 in.-|bf (tension at A controls)

Note: This section is based on the paper “Analysis of Nozzle Loadsin
API 650 Tanks”2

Copyright American Petroleum Institute
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P.3 Alternate Procedure for the Evaluation
of External Loads on Tank Shell
Openings

P.3.1 SCOPE

This dternative method expands the data presented in the
WRC Bulletin 297. Maximum stress factors are presented in
figuresaswell asin tables. WRC Bulletin 297 was used to cal-
culate the maximum stress factors f; at the junction of the noz-
Zle and tank shell. The recommended limitations for WRC
297 are D/T < 2500, d/t < 100. The method is valid for al
practical sizes of tanks.

P.3.2 NOMENCLATURE

B = 2(Dt)Y2, distance of nozzle removed from any other
gross structural stress continuity, (mm) (in.),

D = nominal diameter of tank, (mm) (in.),

O
o
1

diameter of reinforcing plate, (mm) (in.),
Fr = radia thrust applied at the mid-surface of the tank
shell at the opening connection, (N) (1bf),

L = vertical distance from opening centerline to tank bot-
tom, (mm) (in.),

Mc = circumferential moment applied to the mid-surface of
the tank shell, (N-mm) (in.-Ibf),

M; = generic moment, (N-mm) (in.-Ibs),

M, = longitudinal moment applied to the mid-surface of the
tank shell, (N-mm) (in.-Ibf),

M+t = torsional moment applied to the mid-surface of the
tank shell, (N-mm) (in.-Ibf),

S = stressintensity, (MPa) (Ibf/in.2),
Sa1 = alowable stressintensity due to applied load on noz-
Zles, (MPa) (Ibf/in.2),
1 x Sy for mechanical loads,
1.5 x S4 for thermal loads,
S = alowable design stress, (MPa) (Ibf/in.2),

V¢ = shear forcein transverse (circumferential) direction,
(N) (Ibf),

V| = shear forcein longitudind direction, (N) (Ibs),

W, = resultant radia deflection at opening connection,

(mm) (in.),
a = outside radius of opening connection, (mm) (in.),
d = outside diameter of nozzle, (mm) (in.),

2> Analysis of Loads for Nozzles in APl 650 Tanks,” M. Lengsfeld,
K.L. Bardia, J. Taagepera, K. Hathaitham, D.G. LaBounty, M.C.
Lengsfeld. Paper PVP-Vol 430, ASME, New York, 2001.
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WELDED STEEL TANKS FOR OIL STORAGE P-19

fc = stressfactor due to circumferential moment, (dimen-
sionless),

fL = stressfactor due to longitudinal moment, (dimen-
sionless),

fr = stressfactor dueto radial thrust, (dimensionless),

fi = stressfactor (generic), (dimensionless),

h = L/B, height ration, (dimensionless),
m, = radial bending stress component, (dimensionless),
mg = transverse bending stress component, (dimension-
less),
m;, = generic bending stress component, (dimensionless),
n, = radia membrane stress component, (dimensionless),
ng = transverse (circumferential) membrane stress com-

ponent, (dimensionless),

N, = generic stress component (membrane), (dimension-
less),

t = thickness of tank shell at location of nozzle, (mm)
(in),

n = thickness of nozzle neck, (mm) (in.),

—

r = thickness of reinforcing plate (mm) (in.),
u = (d/D)(DIT)Y2, geometric parameter, (dimensionless),
Z = stressreduction factor, (dimensionless),

o, = caculated radial stress, (MPa) (Ibf/in.2),

0g = calculated membrane stress, (MPa) (Ibf/in.2),

o; = calculated generic stress, (MPa) (Ibf/in.2),
1 = calculated shear stress, (MPa) (Ibf/in.2).

P.3.3 DESCRIPTION

Figures P-8 ?hroug ) P-10 provide stress factors for nozzles
lo away

rom a gross structura discontinuity. A gross
structural discontinuity is defined as amajor change of geom-
etry, like aring or the closeness of the bottom/shell junction.
The stress factors are a combination of membrane and bend-
ing components for each load applied. Equations created
from the datain WRC Bulleti were used to produce the
graphs inthroughﬂ The graphs represent the
absolute maximum value, which will result in a conservative
estimate of the maximum stresses at the nozzle-to-shell junc-
tion. Each graph includes the mathematical expression for the
plotted graph. The mathematical equations are summarized in

Tables P-2 througlﬁ P-4.|Use of the mathematical equations

will'simplify the creation of computer programs for the calcu-
lation of stresses at the nozzle-to-shell junction.

Copyright American Petroleum Institute
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P.3.4 STRESS FACTORS DUE TO Fg, Mc, M,

Total stress has three components: bending, membrane,
and shear. The stress factors for calculation of stresses in the
shell at the nozzle junction have been presented for the stress
equations. Moment loads include circumferential and longitu-
dinal moments.

o, = (FRID(n,+6m)  (Radia Load) (1)
0g = (FR)(ng+6mg)  (Radial Load) @)
o, = [M/(d?)](n, +6m) (MomentLoad)  (3)
og = [Mi/(ct?)](ng + 6mg) (Moment Load) (4)

The dimensionless factors nj and my were obtained from
WRC Bulletin 297, Figures 3 through 58 for various nozzle
sizes, tank diameters and thicknesses. The absol ute maximum
of these values as used in the stress equations 1 through 4
have been combined into the dimensionless stress factors.

fi = (nj+x6m) ©)
The factors were plotted after transformation into mathe-
matical equivalentsin Figures P-8|throug
The actual maximum stressesfor specific nozzlesin atank
can be calculated by
(fRIt2) i

Oj for radial load (6a)
and

[M; /(dtd)] f  for moment load. (6b)

O

P.3.5 SHEAR STRESSES DUE TO MT, V¢, VL

Shear stresses in the tank shell at the nozzle junction may
be estimated by:

vt = 2M;/(Tot)  for torsional moment (79)
Ty = 2Vi/(rdt) for shear force (7b)
where:
Vi = VcorV,.

Thetotal shear stressisthe summation of the three compo-
nents:

Trotd = TMT+Tvc+ TwL (89)

However, if shear stressesdueto V¢ and V| become signif-
icant, it should be recognized that their maximum value and
zero value occur 90° apart from each other. In this case the
components shall be separated into:

L= TuT+Tw (8b)

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
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and
Tc = Tur+Tve (8¢)

The larger shear stress from the above expression should
be used for combined stresses.

P36 STRESS REDUCTION FACTORS

Str&es reduction factors are presented in Figure P-11

These factors compare the values shown in

igures P-8

through as derived from the equations i

rable P-2
through P-4 with values obtained using finite element analy-

sis (FEA) for nozzles closer to a gross structural discontinu-
ity. It should be noted that the stresses decrease as the
nozzles moves closer to a discontinuity. Depending on the
location of the nozzle, the value for the stresses will be mul-
tiplied by the stress reduction factor.
An array of reduction factorswere found, but for simplicity
shows only one line. This line represents conser-
vative reduction factors. Height factors greater than 1 have a
“z" value of 1.

P.3.7 COMBINING STRESSES

For stresses due to the different nozzle loads, WRC Bulle-
tin 297 suggests the following equation to calculate the stress
intensity.

S

largest absolute magnitude of 9)

0.5 [(0r+0g) * [(0r —0g) 2 + 41499

It should be noted that the maximum stresses due to a cir-
cumferential moment, Mc, and a longitudina moment, M|,
are 90° apart.

Thus the maximum stress for the transverse planeis:

0; = Gi(FR) + gj (M) + T (10a)
for thelongitudina plane:
0; = Gj(FR) +0i (M) +T; (10b)

Wherei =r or 6, g; (FR) = stress due to radial load, and
smilarly gj (Mc), oj (M) and 1.

P.3.8 ALLOWABLE STRESSES

An acceptable guideline for establishing alowable stress
values may be found in Appendix 4 of the ASME Boiler and
Pressure \essel Code, Section V111, Division 2.

The stress factors have been derived from the highest stress
at the junction of the nozzle to the shell. The simplified rec-
ommendations for allowable stresses for the different loads
areasfollows:

Copyright American Petroleum Institute
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1 x § for mechanical loads (seismic, thrust due
to liquid flow in pipe, etc.)

Sall

1.5 x § for thermal loads

In this recommendation it is assumed that the tank is
stressed to 1 x §; due to the hydrostatic head of its contents.

P.3.9 ANALYSIS PROCEDURE

The procedure for the evaluation of nozzle loads is as fol-
lows:

a. Establish thevalve of u, dit,, and t/t, from given tank data.

b. Find the stress factor value from Figures P-8lthrough) P-10
or from the equations of [Table P-2|through for different

nozzle sizes, thickness, and tank diameters.

c. Use stress formula to calculate stresses at nozzle-to-shell
junction. Include stress reduction factors as required.

d. Combine various stress components.

e. Compare actua stress to allowable stress based on the
nature of the load (thermal or mechanical).

P.3.10 SAMPLE PROBLEM NO. 1

P.3.10.1 Data

Calculate the stresses for atank nozzle using the following
data.

Tank Diameter D 9144 mm (30 ft)
Tank Shell Thickness ts 12.7mm (0.5in.)
Nozzle Outside Diameter d 457 mm (18in.)
Nozzle Neck Thickness th 12.7mm (0.5in.)

Nozzle Location From Bottom | 476 mm (18.75in.)

Reinforcing Pad Thickness tr 12.7mm (0.5in.)
Materia A 36M (A 36)
Design Stress S 160 MPa(23,200 Ibf/in.2)

The loading from the attached piping system to the nozzle
isasfollows:

Radial Thrust Fr 77,843 N (17,500 Ibs)

8.5 x 105 NIfhm (75,000 in.—Ibs)
11.3 x 106 NIfhm (100,000 in.—bs)
5.6 x 106 Nirhm (50,000 in.lbs)
ON (0lbs)

44,500 N (10,000 Ibs)

Circular Moment Mc
Longitudina Moment My
Torsional Moment Mt
Transverse Shear Force V¢

Longitudina Shear Force V|

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
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Table P-2—Equations for Stress Factors Due to Radial Thrust Fg

dit, | tit, | Equation | Upper Limit (u) | Equation No.
| Figure P-8a |
10 0 fr =—0.9414Ln(u) + 1.6578 5 11
10 1 fr =—0.9384Ln(u) + 1.2638 2 12
10 2 fr =—0.7910Ln(u) + 0.8044 1 13
10 5 fr =-0.4167Ln(u) + 0.3728 0.3 14
Fligure P—8b|
30 0 f, =—0.9450Ln(u) + 1.648 5 15
30 1 f, =—0.9074Ln(u) + 1.3398 3 16
30 2 fr =—0.7596Ln(u) + 0.9036 2 17
30 5 fr =—0.3465Ln(u) + 0.2971 1 18
30 10 fr =-0.1496Ln(u) + 0.1187 05 19
Eigure P-8c |
50 0 f, =—=0.9507Ln(u) + 1.6453 5 20
50 1 f, =—0.8732Ln(u) + 1.4563 5 21
50 2 f =—0.7608Ln(u) + 0.9842 3 22
50 5 fr =—0.3333Ln(u) + 0.316 2 23
50 10 f =-0.1304Ln(u) + 0.1071 1 24
Figure P-8d
100 0 f, =—0.9549Ln(u) + 1.6506 5 25
100 1 f, =-0.8772Ln(u) + 1.4815 5 26
100 2 fr =-0.7641Ln(u) + 1.0928 4 27
100 5 f, ==0.3344Ln(u) + 0.33 2 28
100 10 fr =—0.1176Ln(u) + 0.0941 1 29
Figure P-8e
10 0 fg =—0.2827Ln(u) + 0.4845 5 30
10 1 fg =—0.3427Ln(u) + 0.5338 2 31
10 2 fg =—-0.5255Ln(u) + 0.4772 0.9 32
10 5 fg =—0.8780Ln(u) + 0.7936 0.3 33
| Figure P-8f |
30 0 fg =—0.2833Ln(u) + 0.4878 5 34
30 1 fg =—0.3440Ln(u) + 0.6352 3 35
30 2 fg =—0.4868Ln(u) + 0.7312 2 36
30 5 fg =—0.8929Ln(u) + 0.8883 1 37
30 10 fg =—1.0961Ln(u) + 1.1698 05 38
Figure P-8g
50 0 fg = —0.2840Ln(u) + 0.4893 5 39
50 1 fg =—0.3355Ln(u) + 0.6771 5 40
50 2 fg =—0.4712Ln(u) + 0.7731 2 41
50 5 fg =—0.8775Ln(u) + 1.051 2 42
50 10 fg =—1.0986Ln(u) + 1.1733 1 43
Figure P-8h
100 0 fg =—0.2796Ln(u) + 0.4815 5 44
100 1 fg =—0.3302Ln(u) + 0.6764 5 45
100 2 fg = —0.4346Ln(u) + 0.8077 2 46
100 5 fg =—0.8724Ln(u) + 1.1447 15 47
100 10 fg ==1.0774Ln(u) + 1.145 1 48
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Table P-3—Equations for Stress Factors Due to Circumferential Moment Mc
dit, | ttn | Equation Upper Limit (u) | Equation No.
Figure P-9a
10 0 f, =—0.0249(u)? + 0.0239(u) + 1.9457 5 49
10 1 f, =—0.0233(u)2 - 0.1(u) + 1.9416 2 50
10 2 f, = —0.1514(u)? + 0.0278(u) + 1.5795 1 51
10 5 f, = 0.212(u)? — 0.1025(u) + 0.8386 0.3 52
Figure P-9b
30 0 f, =—0.007(u)2 — 0.0363(u) + 1.9571 7 53
30 1 f, =—0.0207(u)2 — 0.0936(u) + 1.9026 3 54
30 2 f, =—0.0639(u)? — 0.0753(u) + 1.588 2 55
30 5 f, =—0.0993(u)2 — 0.0033(u) + 0.7107 1 56
30 10 f, =—0.0007(u)? — 0.0468(u) + 0.3018 0.5 57
| Figure P-9c |
50 0 f, = —0.0066(u)2 — 0.0528(ul) + 1.9997 7 58
50 1 f. = 0.0011(u)2 — 0.1468(u) + 1.9248 5 59
50 2 f, = —0.0034(u)Z — 0.1948(u) + 1.6473 3 60
50 5 f. = 0.0115(u)2 — 0.15(u) + 0.7325 2 61
50 10 f, =—0.0214(u)2 - 0.0121(u) + 0.263 1 62
Figure P-9d
100 0 f, =—0.006(u)2 — 0.0621(u) + 2.0226 7 63
100 1 f, = 0.0066(u)Z — 0.1677(u) + 1.9601 7 64
100 2 f, = 0.0094(u)2 — 0.2142(u) + 1.7028 5 65
100 5 f, =—0.0067(u)? - 0.0915(u) + 0.704 3 66
03 100 10 f, = —0.0089(u)? — 0.0256(ul) + 0.240 2 67
| Figure P-9e |
10 0 fg =—0.0016(u)? — 0.0163(u) + 0.5967 7 68
10 1 fg = 0.0229(u)2 — 0.1966(U) + 0.8826 2 69
10 2 fg =—0.2342(u)? — 0.1027(u) + 1.3079 1 70
10 5 fg = 1.5681(u)2 — 0.8335(U)) + 2.0269 03 71
Figure P-9f
30 0 fg =—0.0018(u)? — 0.0155(u) + 0.5941 7 72
30 1 fg = 0.0048(u)2 — 0.0649(u)) + 0.7661 3 73
30 2 fg = 0.0487(u)2 — 0.2492(u) + 1.2271 2 74
30 5 fg = —0.2348(u))2 — 0.0746(u) + 2.0352 1 75
30 10 fg = —0.5068(u)Z — 0.245(u) + 2.4375 05 76
| Figure P-9g |
50 0 fg = —0.0019(u)2 — 0.0157(u) + 0.5999 7 77
50 1 fg =—0.0019(u)2 — 0.029(u) + 0.7345 5 78
50 2 fo = 0.0145(u)2— 0.1504(u) + 1.1347 3 79
50 5 fg = —0.0436(u)2 — 0.0959(u) + 1.9794 2 80
50 10 fo = 0.3231(u)2— 0.3573(u) + 2.3316 1 81
Figure P-9h
100 0 fg =—0.0021(u)2 — 0.012(u) + 0.5951 7 82
100 1 fg = —0.0064(u)2 + 0.0176(u) + 0.6732 7 83
100 2 fg =—0.0109(u)? — 0.0063(u) + 0.9681 5 84
100 5 fg =—0.0708(u)? + 0.0593(u) + 1.8976 3 85
100 10 fg =—0.1705(u)? + 0.1768(u) + 2.3096 2 86
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Table P-4—Equations for Stress Factors Due to Longitudinal Moment M

dit, | tt, | Equation Upper Limit (u) | Equation No.
Figure P-10a
10 0 f, = 0.0783(u)2 — 0.7302(u) + 2.0393 3 87
10 1 f, =—-0.0359(u)? — 0.5507(u) + 1.9629 2 88
10 2 f, =—0.2708(u)? — 0.239(u) + 1.6377 1 89
10 5 f, = 0.5506(u)2 — 0.262(u) + 0.8681 0.3 90
Figure P-10b
30 0 f, = 0.0612(u)2 — 0.6723(u) + 2.0355 4 91
30 1 f; = 0.0658(u)? — 0.695(u) + 2.0052 3 92
30 2 f, =—0.0225(u)? — 0.4703(u) + 1.6789 2 93
30 5 f, =—=0.1112(u)? — 0.0737(u) + 0.7396 1 94
30 10 f, =—0.1097(u)? — 0.0077(u) + 0.8462 05 95
|Figure P-10c |
50 0 f, = 0.0598(u)2 - 0.6602(u) + 2.0144 4 96
50 1 f, = 0.0878(u)2 — 0.7827(u) + 2.092 3 97
50 2 f = 0.0399(u)2 — 0.5612(u) + 1.7047 3 98
50 5 f, =—0.0363(u)? — 0.1429(u) + 0.7231 2 99
50 10 f, =—0.0349(u)? — 0.0123(u) + 0.2684 1 100
| Figure P-10d |
100 0 f, = 0.0604(u)2 — 0.6672(u) + 2.0341 4 101
100 1 f = 0.0572(u)%2 — 0.6343(u) + 1.9951 4 102
100 2 f, = 0.0649(u)2 — 0.6297(u) + 1.7638 4 103
100 5 f, = 0.0059(u)2 — 0.205(u) + 0.7263 3 104
100 10 f, =—0.0199(u)2 — 0.0254(u) + 0.2424 2 105
Figure P-10e
10 0 fg = 0.0186(u)2 — 0.2026(u) + 0.6093 4 106
10 1 fg = 0.0769(u)% — 0.42(u) + 0.8174 2 107
10 2 fg =0.4177(u)2—0.9351(u) + 1.3637 1 108
10 5 fg = —1.655(u)2 — 0.3351(u) + 2.0292 0.3 109
| Figure P-10f |
30 0 fg = 0.0189(u)2 — 0.2054(u) + 0.6136 4 110
30 1 fg = 0.0205(u)2 — 0.2132(u) + 0.7797 3 111
30 2 fg = 0.0737(u)2 — 0.4233(u) + 1.2067 2 112
30 5 fg = 0.0201(u)? — 0.3208(u) + 2.0191 1 113
30 10 fg = 1.0841(u)2 — 0.7196(u) + 2.4196 05 114
| Figure P—10g|
50 0 fg = 0.019(u)? — 0.2047(u) + 0.6084 4 115
50 1 fg = 0.0064(u)2 — 0.1406(u) + 0.7319 3 116
50 2 fg = 0.0223(u)2 — 0.294(u) + 1.1225 3 117
50 5 fg = -0.1135(u)2 — 0.2031(u) + 2.0016 2 118
50 10 fg = -0.2506(u)? + 0.0373(u) + 2.3705 1 119
| Figure P-10h |
100 0 fg = 0.0191(u)2 — 0.2068(u) + 0.6145 5 120
100 1 fg = 0.0035(u)2 — 0.0968(u) + 0.6486 5 121
100 2 fg = 0.0119(u)2 — 0.2151(u) + 1.0336 5 122
100 5 fg =—0.0554(u)? — 0.2536(u) + 1.9884 3 123
100 10 fg =—0.1413(u)? — 0.0926(u) + 2.4238 3 124
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P.3.10.2 Solution
P.3.10.2.1 Establish the values for t, u, dit,, B, h, and z
from the data provided. To determine the stresses at the junc-
tion of the nozzle and the shell, the shell and the reinforcing
pad thickness are combined, hence:
In Sl Units:
t = tgtt,
= 12.7mm+ 127 mm
= 254 mm
u = (d/D)x(D/t)0>
= (457/9144) x (9144/25.4)0-5
= 095
D, = 457/12.7
= 36
B = 2x(Dxt)05
= 2x (9144 x 25.4)05
= 964 mm
h = L/B
= 476/964
= 049
z = 0.67 from|Figure P-11
th, = 254/12.7
03 = 2
In US Customary units:
t = tg+t,
= 05in.+05in.
= 1.0in.
u = [18/(30x 12)] x[(30x 12)/1]9>
= 095
dit, = 18/05
= 36
B = 2x(30x12x1)05
= 38in
h = 18.75/38
= 049
z = 0.67 from Figure P-11
tt, = 2/05
= 2
P.3.10.2.2 Calculate the stresses.

The charts and equations list values for d/t,, of 30 and 50.
To derive the stress factor values for d/t,, = 36 one must inter-
polate between the presented val ues.

Stress factors are provided ir] Table P-5.

Copyright American Petroleum Institute
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Table P-5—Stress Factors

Load Stress Factor Figure Equation
Fr f, =0.884 |P-80l& P-8c] 178& 22
Fr fg = 0.765 36& 41
Mc fr =146 55 & 60
Mc fo=1.03 708 74
M, f=12 [P-100fe 93& 98
My, fg=0.88 112& 117

Stressdueto Fr
o, = (Fr/td)xf,
= (77843/25.4%) x 0.884
= 106.7 MPa
0o = (Frit)xfy
= (77843/25.42) x 0.765
= 923MPa

Stress dueto M¢

Gr = (Mcld X t2) X fr
= [(8.5x 100)/(457 x 25.4%)] x 1.46
= 42MPa

og = (Mc/dx '[2) x fg

[(8.5 x 106)/(457 x 25.42)] x 1.03
29.7 MPa

Stressdueto M
o, = (M/dxt?)xf,

[(11.3 x 105)/(457x 25.42)] x 1.2
46 MPa

(ML/d x t2) x fg

[(11.3 x 10%)/(457 x 25.42)] = 0.88
33.7MPa

Og

Shear stress

2 x (M7)/(Ttx d2t)

2 x (5.6 x 108)/(Ttx 4572 x 25.4)
0.67 MPa

0

2x (V)I(mxdxt)
(2 x 44500)/(Ttx 457 x 25.4)
2.44 MPa

MT =

Tve

TvL

TmMT+ Tve+ Tv
067+0+244
3.11 MPa

Tiotal
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Combine the stresses.
Snax = largest absolute magnitude of

= 05zx[(o + 0g) £ {(0r - Op)? + 413} 0]

Combine the stress values from Fg and Mc.

o, = 106.7+42
= 148.7 MPa

Og = 923+29.7
= 122 MPa

Combine the stress values from Frand M, .

o = 106.7+46
= 152.7MPa

Op = 923+337
= 126 MPa

The maximum stress is a combination of the radial thrust and
the longitudinal moment.

Snax = 0.5x0.67 x[(152.7 + 126) + {(152.7 - 126)2 +
4 x 3.112}09]

= 1025MPa

Sy = 10xgy (mechanical load)
= 15x& (thermal load)
= 15x160 (thermal 1oad)
= 240 MPa

S > Shax

In US Customary units:

The charts and equations list values for d/t,, of 30 and 50.
To derive the stress factor values for d/t, = 36 one must inter-
polate between the presented values.

Using the stress factors from Table P-5:

Stresses dueto Fr
o, = (Fr/td)xf;
= (17,500/12) x 0.884
= 15,470 bf/in.2

Og = (FR/IZ) x fg
= (17,500/12) x 0.765
= 13,3881bf/in.2

Stresses due to M¢
Or = (MC/d X t2) X fr

Copyright American Petroleum Institute
Reproduced by IHS under license with API

= {(75,000)/(18 x 12)} x 1.46
= 6083 Ibf/in.2

O = (Mc/dxt?)xfg
= {(75,000)/(18 x 12)} x 1.03
= 4292 Ibffin2

Stresses dueto M

or = (M/dxt?)xf,
= {(200,000)/(18 x 19)} x 1.2
= 6670 Ibf/in.2
og = (Mp/dxt?)xfy
= {(100,000)/(18 x 12)} x 0.88
= 4890 Ibf/in.2
Shear stress
vt = 2x (Mp)/(rox d?)
= 2x(50,000)/(Tx 182 x 1)
= 981bf/in.2
ve = 0

T = 2x(V/(rtxdxt)
= 2x(10,000)/(Ttx 18x 1)
= 3541bf/in.2

Tt = TuTtTvet T
= 98+0+354
= 4521bf/in2

Combine the stresses.
Snax = largest absolute magnitude of

= 0.5z[(0, + 0g) + { (0} - 0g)? + 412} 0]

Combine the stress values from Fr and Mc.

o, = 15470+ 6083
= 21,553 1bf/in.2
og = 13,388+ 4292
= 17,680 Ibf/in.2

Combine stress values from Frand M .

o, = 15470+ 6670
= 22,140 1bf/in.2
og = 13,388+ 4890

= 18,2781bf/in.2
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The maximum stress is a combination of the radial thrust
and the longitudinal moment.

Smex = 0.5x0.67 x [(22,140 + 18,278) + { (22,140 —
18,278)2 + 4 x 452205
= 14,869 Ibf/in2

10x S
= 15xS
= 15x 23,200
= 34,800 Ibf/in.2
S > Shax

(mechanical load)
(thermal 1oad)

(thermal load)

P.3.10.3 Conclusion
Since the alowable stress is greater than the maximum
stress, the attached piping system is acceptable
P.3.11 SAMPLE PROBLEM NO. 2
P.3.11.1 Data

Calculate the stresses for atank nozzle using the following
data.

Tank material: A 36M (A 36), Sy = 160 MPa (23,200 Ibf/in.?)
D = 36,500 mm (120 feet)
t = 127mm (0.5in.)
d = 610mm(24in.)
th = 12.7mm (0.5in.)

L = 630mm (24.75in.)

No reinforcing pad is provided
The mechanica loads from the attached piping system are
asfollows:

Fr = 87,700 N (20,000 Ibs)
Mc = 11 x 108 N-mm (100,000 in.-Ibs)
M = 13.3 x 106 N-mm (120,000 in.-lbs)
My = Vo=V, =0

P.3.11.2 Solution

P.3.11.2.1 Establish the valuesfor t, u, dit,,, B, and h from
the data provided.

In Sl units:
u = (d/D)x(D/t)°>
u = (610/36,500) x (36,500/12.7)0-5

= 09
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dt, = 610/12.7
= 4803
Usedit, = 50
thty, = 12.7/12.7
=1
B = 2 x(Dt)0>
B = 2(36,500x12.7)05
= 1362 mm
h = L/B
h = 630/1362
= 0.46
In US Customary units:
u = (d/D) x (D/t)0>
= (24/[120 x 12]) x (120 x 12/0.5)0-5
= 09
= 24/05
= 48
Usedit, = 50
tty, = 0.5/0.5
=1
B = 2x(Dt)05
= 2x(120x12x0.5)95
= B3.67in.
h = L/B
= 24.75/53.67
= 046

P.3.11.2.2 Calculate the stresses.
Stress factors are provided in Table P-6.

Table P-6—Stress Factors for Sample Problem No. 1

Load Stress Factor Figure Equation
Fr f=172 | P-8c| 21
Fr fg=1.15 P | 40
Mc f =18 | P-oc | 59
Mc fg = 0.68 | P-9g | 78
ML fr=143 | P-10c | 97
ML fg=0.62 P-10g 116
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Stressdueto Fg,

or = (Frt?)xf;

o, = (87,700/12.72) x 1.72
= 935 N/mm?

Og = 87,700 x 1.15/12.72
= 625MPa

Stress due to Mc,
o, = (Mc/dif) xf,
o, = (11x109)/(610x12.79)1.8
= 201 MPa
og = (11x105)/(610x 12.72) x 0.68
= 76 MPa

Stressdueto M|,

o, = (M/df?) xf,

o, = (13.3x10%)/(610x12.7%) x 1.2
= 193.3MPa

o = (M /df?) xfq

og = (13.3x109)/(610x 12.72) x 0.62
= 83.81MPa

Cadlculate the stress intensities.
S = 05x|[(o +0og) £{(o; - 06)2 + 4T2} 0.5]

Radial thrust and circular moment (bending)

Or = OrFR*OrC
G, = 935+201
= 1136 MPa

Radial thrust and circular moment (membrane)

Op = OgrrtOpC
Og = 625+76
= 701 MPa

Radial thrust and longitudina moment (bending)

Or = OrFr*OrL
o = 935+1933
= 11283 MPa

Radial thrust and longitudina moment (membrane)
Og = Ogrr* OgL
Og 625 + 83.81

708.81 MPa
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Snax = 0.5 [(Ormax + Oomax) % { (Ormax - Toma)? +

Amax’} 0]

Srax = 0.5[(1136 + 708.81) + { (1136 - 708.81)2+

407} 05)
= 1136 MPa

From Figure P-8 with a height factor of h = 0.46, the stress

reduction factor z= 0.64.

Multiply Syax with the stress reduction factor.

S = Sl
S = 1136x064
= 727MPa

Compare Swith the allowable stress.

S = 160MPa(sedTable 32

For thermal loads:

Sy = 15x§
Sy = 15x160
= 240 MPa
S > S
727 MPa > 240 MPa

In US Customary units:

Using the stress factors from|Table P-6

Stressdueto Fg,
or = (FRtd)xf;
= (20,000/0.5%) x 1.72
= 13,7600 |bf/in.2

op = (Frt)xfe
= 20,000 x 1.15/0.52
= 92,000 Ibf/in.2

Stressdue to Mc,
o = (Mc/di?) xf,
= (100,000)/(24 x 0.52) x 1.8
= 30,000 Ibf/in.2

Op = (Mc/diF) = fy
= 10 x 10%/(240.5%) x 0.68
= 11,3331bf/in2
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Stressdueto My,
o, = (Mp/di#)xf,
= (120,000)/(24[0.52) x 1.43
= 28,600 Ibf/in.2

Op = (Mp/diR)=fy
— (120,000)/(240.52) x 0.62
= 12,400 Ibf/in.2

Cadlculate the stress intensities.
S = 0.5x[(o,.+0g)—{(0,- 06)2 + 4-[2}0‘5]

Radial thrust and circular moment (bending)
0, = OyrTO0rC
137,600 + 30,000

167,600 Ibf/in.2

Radial thrust and circular moment (membrane)
Og = Oerr T ObC

92,000 + 11,333

103,333 Ibf/in.2

Radial thrust and longitudinal moment (bending)
Oy = OrtT 0y

137,600 + 28,600

166,200 Ibf/in.2

Radial thrust and longitudinal moment (membrane)
Op = Oprr* Ogr
= 92,000 + 12,400
= 104,400 |bf/in.2

= 0.5 % [(Oymax T O6max) — {(Trmax - O-Gma.x)2 +
4Tmax2} 0'5]

= 0.5[(167,600+104,400) — { (167,600 -
104,400)2 + 4[()2} 0'5]

= 167,600 |bf/in.2

From with a height factor of h = 0.46, the stress

reduction factor Z = 0.64.

Smax

Multiplying Syax With the stress reduction factor:
S = SmaxxZ

167,600-0.64

107,264 Ibf/in.2

Compare Swith the allowable stress

S; = 23,200 Ibf/in.2 (see| Table 3-2
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For thermal |oads

Sall = 1.5x Sd
= 15-23200
= 34,800 Ibf/in.2
S > Sl

107,264 Ibf/in.2 > 34,800 Ibf/in.2

P.3.11.2.3 Conclusion

Sincethe actual stress exceedsthe allowable stress, S> S,
areinforcing plate shall be attached.

P.3.11.2.4 Reinforcing Plate Calculations

Refer to Table 3-6for the size of reinforcing pad.

In Sl units:
Do = 1525mm
tr = 127mm

To calculate the stress at the junction of the nozzle to the
shell, the combined thickness of the shell and reinforcing
plateisused in the calculations. In this case:

t = 127+127
= 254 mm
u = (d/D)x(D/t)°>
u = (610/36,500) x (36,500/25.4)0-5
= 0.63
dt, = 610/12.7
= 48
Usedit, = 50
tht, = 25.4/12.7
= 2
B = 2x(Dt)0°
B = 2x(36,500x 25.4)05
= 1926 mm
h = L/B
h = 630/1926
= 0.327
z = 055
Calculated Stresses

Fr oy = 177MPa
Fr Og = 136MPa
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Mc: o = 42MPa Table P-7—Stress Factors for the Reinforcing Plate
Mc: 0 = 29MPa Load Stress Factor Figure Equation
M. or = 46MPa Fr fr=13 P-8c| 22
Mi: 0g = 30MPa Fr fg=1.0 P-8g| a4
M fr=15 P-9 60
Calculate stress intensity c !
FR& Mc o = 177+42 Mc fo=105 | P-%| ”
o = 219MPa ML fr=135 98
FR& M 0 = 136+29 M fg=09 P-10g 117
Og = 165MPa B = 2x (Dt)O.S
FR& M: o = 177+46 B = 2x(120x12x1.0)05
o = 223MPa = 76in.
FR& M : o9 = 136+30 h = LB
Op = 166MPa h = 24.75/76
= 0326
Smax = 0.5 % [(Ormax + Oomax) * { (Ormax - Tomax)? + _
A2} 05 z = 055
Smax = 0.5[(223 + 166) * { (223 - 166)2 + 402} 0] Using the stress reduction factorsirf Table P-7,|the stresses
= 223MPa can be calculated asfollows:
s 5 Fr = 26,000Ibf/in.2
= Sax Fr = 20,000 Ibf/in2
S = 223x055 j -
03 - 123MPa Mc = 62501bf/in.
Mc = 43751bf/in2
S > &

M, = 6750Ibf/in2

223MPa > 123MPa .
M, = 4500Ibf/in2

In US Customary units:
— ; Calculate stress intensities.
Dy = 60in. ) 5
t = 05in Fr& Mc = 26,000 + 6250
= 32,250 Ibf/in.2
To calculate the stress at the junction of the nozzle to the
shell, the combined thickness of the shell and reinforcing Fr& Mc = 20,000 + 4375
plateisused in the calculations. In this case: = 24375 |bf/in.2
t = 05+05
= 1.0in. Fr& M = 26,000 + 6750
= in.2
U = (d/D)x (D)5 32,750 Ibf/in.
u = [24/(120x 12)] x[(120 x 12)/1.0]9° FrR& M| = 20,000 + 4500
= 083 = 24,500 Ibf/in.2
dit, = 24/05
= 48 Snax = 0.5x[(Oymax * Oomax) * { (Ormax - Tomax)? +
AT} 0]
Usedt, = 50 Spex = 0.5[(32,750 + 24,500) + { (32,750 - 24,500)2 +
tt, = 1.0/05 410205
= 2 = 32,750 Ibf/in.2
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0]
1

Srax¥z
32,750 x 0.55

18,013 Ibf/in.2

2]
1

, S > S
32,750 Ibf/in.2 > 18,013 Ibf/in.2

P.3.11.2.5 Conclusion

The attached piping system with the reinforcing plate is
acceptable for the tank since the actual stress is less than the
maximum stress.

P.3.12 SAMPLE PROBLEM NO. 3

This sample problem uses the dternative method on the
data presented in the sample problem in P9. The calculated
limit loads from in P2.9 are assumed to be from thermal
loads. The stresses are calculated using the equations from

Tables P-2 throug

P.3.12.1 Data

Tank diameter D =80m (260 ftor 3120in)
Tank shell thickness t =34mm(1.33in)

Nozzle outside diameter d =610mm(24in)

Nozzle neck thickness tp, =31 mm(1.218in)
(assumed)

Nozzle location from bottom L =630mm (24.75in)
Design stress S =160 MPa (23,200 Ibf/in.2)

Using the limit lodes from P9.3:

Fr = 320,000 N (74800 Ibs)
Mc = 550 x 105 NImhm (4.95 x 106 inlbs)
M, = 195x 10° Niihm (1.74 x 108 inlbs)
MT = VC = V|_ =0

P.3.12.2 Solution

P.3.12.2.1 Establish the vaues for t, u, d/t,, and t/t, from
the data provided.

In Sl units:
u = (d/D)x(D/t)°>
u = (610/80,000) x (80,000/34)0-5
= 037
dit, = 610/31

= 20
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thy = 34/31
= 1.096
Usett, = 1

In US Customary units:

u = (d/D)x(D/t)5

u = (24/3120) x (3120/1.33)05
= 037

dt, = 24/1.218
= 20

tty, = 1.33/1.218
= 1.092

Usetlt, = 1

P.3.12.2.2 To calculate the stress factors, interpolation is
required between d/t = 10 and 30 to arrive at the values for d/t
=18.

Fr frfordit, 10andt/ty=1 Equation 12

fr = -0.9384 xIn(u) + 1.2638
= -0.9384 x In(0.37) + 1.2638
= 2197
frfordit, = 30andt/t,=1 Equation 16
fr = -0.9074 x In(u) + 1.3398
= -0.9074 x In(0.37) + 1.3398
= 2242
frfordt, = 20andt/it,=1
fi = 05(2.197 +2.242)
= 2219
Fr fofordit, = 20andt/ty=1  Equations31and 35

fg = 0.5{(-0.3427 x In(u) + 0.5338) + (-0.344
x In(u) + 0.6352)}
= 0.9259

f =

20andtit,=1 Equations 50 and 54

0.5{(-0.0233 x U2 — 0.1 x U + 1.9416) +
(-0.0207 x U2 — 0.0936 x u + 1.9026)}

= 1.883
fg = 0.5{(0.0229 x U2—0.1966 x U+ 0.8826)

+(0.0048 x U2 —0.0649 x u + 0.7661)}
Equations 69 and 73

= 1322
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M, fg = 0.5{(0.0769xu2—0.42 x u+0.8174) + op = (FRIt)xfg
(0.0205 x u2—0.2132 x u + 0.7797)} = 74,800 x 0.9259/1.332
Equations 107 and 111 39153 Ibf/in2
= 0688 ’ '
f = 0.5{(-0.0359 x u2 —0.5507 x u + Stress due to Mc,
1.9629) + (0.0658 x U2 — 0.695 x U + o = (Mc/dxtd)xf,
2.0052)} Equations 88 and 92 = (4.95x109)/(24 x 1.33?) x 1.883
= 1.75% = 199,504 MPa
P.3.12.2.3 Caculate the stresses. og = (Mc/dxt?)xfg
ISl units = (4.95x 109)/(24 x 1.33?) x 1.322
Stress dueto FRv = 140, 129 |bf/i n.z
- 2
Or (FRI) xr Stress dueto My,
o, = (3280001342 x 2.219 o = (MUdx®)xf,
= 629MPa = (L.74x 106)/(24 x 1.332) x 1.7556
op = (FRt)xfg = 71,9551bf/in2
Op = 328,000 x 0.9259/342 Go = (M/dxt?)xfy
= 263MPa = (1.74x 108)/(24 x 1.33?) x 0.688

= in.2
Stress due to M, = 28,198 Ibffin.

03 or = (Mcdxt?)xf, P.3.12.2.4 Calculate the stress reduction factors.
o, = (550x 106)/(610 x 342) x 1.883 In Sl units:
= 1469 MPa B = 2x(Dxt)05
Og = (Mcldxt?)xfg B = 2x(80,000x 34)05
op = (550x 106)/(610 x 342) x 1.322 = 32%8mm
= 1031 MPa h = LB
h = 630/3298
Stressdueto M, = 019
or = (MU/dxt?)xf; )
In US Customary units:
oy = (195x 106)/(610 x 342) x 1.7556 B = 2x(Dxt05
= 485MPa = 2x (3120 1.33)05
Og = (Mp/dxt?)xfg = 129in.
Op = (195x 106)/(610 x 342) x 0.688 h = LB
= 190 MPa = 24.75/129
= 019

In US Customry units P.3.12.2.5 Cadlculatethe stressintensity.

Stressdueto Fg,
(FRI2) x 1, S=05x2zx[(0 + 0g) £ { (0 - Og)? + 41707

Or

2
(74,800/1.33%) x 2.219 Where z = 0.47 from Figure P—11| and Sy is from the com-
93,833 Ibf/in.2 bination of Fr and M.
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In Sl units:
Snax = 0.5x0.47 x [(629 + 263) + {(629-263)2 +
: 4[02} 0.5]
= 296 MPa
In US Customary units:
Snax = 0.5x0.47 x [(93833 + 39153) + { (93833 -
: 39153)2 + 4[02} 05]
= 44,102 Ibf/in.2

For this sample problem it is assumed that the limit loads
include the liquid load from the tank, therefore the preceding
stresses are total stresses. In this case the alowable stressis:

Mechanical Load
Thermal Load

S 20

30

In this problem it is assumed that the loads are of thermal
nature, therefore the allowabl e stresses are:

Copyright American Petroleum Institute
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In Sl units:
Sy = 3.0x160MPa
= 480MPa
S > Shax
480 MPa > 296 MPa
In US Customary units:
Sai = 3.0x23,2001bf/in.2
= 69,600 Ibf/in.2
S > Snax
69,600 Ibf/in2 > 44,102 Ibf/in.2

P.3.12.3 Conclusion

Based on the assumptions made, this analysisindicates that
the piping arrangement for example P.2.9 is acceptable.
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Figure P-8A—Stress Factor fgr Due to Radial Thrust Fg, d/t, = 10
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Figure P-8B—Stress Factor fgr Due to Radial Thrust Fg, d/t, = 30

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

03



P-34

APl STANDARD 650

10

7 I I ™
' d/t,=50 £.0 =-0.9507Ln(u) + 1.6453
£1=-0.8732Ln(u) + 14563
6 f,2=-0.7608Ln(u) + 0.9842
£5=-0.3333Ln(u) + 0316
£10=-0.1304Ln(u)+0.1071 | |
5 ~
N
4 \ N \\\ tt,=0
fl’ \ \\
tt,= 1
\\
3 T
th,=2
2
tty=5 N
1 - — N
t]t,FB\ E— T N
0 [ T
001 011 10
u
Figure P-8C—Stress Factor fr Due to Radial Thrust Fg, d/t, = 50
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Figure P-8D—Stress Factor fr Due to Radial Thrust Fg, d/t, = 100
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Figure P-8E—Stress Factor fg Due to Radial Thrust Fg, d/t, = 10
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Figure P-8F—Stress Factor fg Due to Radial Thrust Fg, d/t, = 30
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Figure P-8G—Stress Factor fg Due to Radial Thrust Fg, d/t, = 50
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Figure P-8H—Stress Factor fg Due to Radial Thrust Fg, d/t, = 100
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Figure P-9C—Stress Factor f, Due to Circumferential Moment M, d/t, = 50
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Figure P-9D—Stress Factor f, Due to Circumferential Moment Mg, d/t, = 100
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Figure P-9F—Stress Factor fg Due to Circumferential Moment Mg, d/t, = 30
Copyright American Petroleum Institute Document provided by IHS Licensee=Shell Services International B.V./5924979112,
Reproduced by IHS under license with API 09/19/2004 18:59:04 MDT Questions or comments about this message: please call

the Document Policy Group at 303-397-2295.

03



P-40 APl STANDARD 650

3
\ [ 1
dit,=50 f,0 =-0.0019u”- 0.0157u + 0.5999 | |
f,1 =-0.0019u?- 0.029u +0.7345
f,2=0.0145u 2- 01504u +1.1347
25 - ,5 =-0.0436u - 0.0950u + 19794 | |
‘TL - £,10=0.3231u?-0.3573u + 2.3316
5 thy =5
—— [ [ ]
fo 15
thn=2
1 I e e 1
thy =1
05 th,=0 ~—
0
0.01 0.11 10
u
Figure P-9G—Stress Factor fg Due to Circumferential Moment Mc, d/t, = 50
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Figure P-9H—Stress Factor fg Due to Circumferential Moment M, d/t, = 100
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Figure P-10C—Stress Factor f, Due to Longitudinal Moment M, d/t, = 50
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Figure P-10H—Stress Factor fg Due to Longitudinal Moment My, d/t, = 100
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APPENDIX S—AUSTENITIC STAINLESS STEEL STORAGE TANKS

S.1 Scope

S.1.1  This appendix covers materials, design, fabrication,
erection, and testing requirements for vertical, cylindrica,
aboveground, closed- and open-top, welded, austenitic stain-
less stedl storage tanks constructed of materia grades 304,
304L, 316, 316L, 317, and 317L. This appendix does not
cover stainless steel clad plate or strip lined construction.

S.1.2 This appendix applies only to tanks in nonrefriger-
ated services with a maximum operating temperature not
exceeding 260°C (500°F). For the purposes of this appendix,
the design temperature shall be the maximum operating tem-
perature as specified by the purchaser. Ambient temperature
tanks (non-heated) shall have a design temperature of 40°C
(100°F). It is cautioned that exothermic reactions occurring
inside unheated storage tanks can produce temperatures
exceeding 40°C (100°F).

S.1.3 This appendix is intended to provide the petroleum
industry, chemical industry, and other users with tanks of safe
design for containment of fluids within the design limits.

S.1.4 The minimum thicknesses in this appendix do not
contain any alowance for corrosion.

S.1.5 Thisappendix states only the requirements that differ
from the basic rules in this standard. For requirements not
stated, the basic rules must be followed.

S.2 Materials
S.2.1 SELECTION AND ORDERING

S.2.1.1 Materidsshal bein accordance with Table S-1

e S.2.1.2 Sdection of the type/grade of stainless steel
depends on the service and environment to which it will be
exposed and the effects of fabrication processes. (See S.4.3.2
and S.4.4.3) The purchaser shall select the type/grade.

Table S-1a—ASTM Materials for Stainless Steel Components (Sl units)

Plates and Structural
Members (Note 1)

Piping and Tubing Seamless
or Welded (Note 2)

Forgings
(Notes 2, 3)

Bolting and Bars
(Notes 4, 5)

A 240M, Type 304
A 240M, Type 304L
A 240M, Type 316
A 240M, Type 316L
A 240M, Type 317
A 240M, Type 317L

Notes:

A 213M, Grade TP 304
A 213M, Grade TP 304L
A 213M, Grade TP 316
A 213M, Grade TP 316L
A 213M, Grade TP 317
A 213M, Grade TP 317L
A 312M, Grade TP 304
A 312M, Grade TP 304L
A 312M, Grade TP 316
A 312M, Grade TP 316L
A 312M, Grade TP 317
A 312M, Grade TP 317L
A 358M, Grade 304

A 358M, Grade 304L

A 358M, Grade 316

A 358M, Grade 316L

A 403M, Class WP 304
A 403M, Class WP 304L
A 403M, ClassWP 316
A 403M, Class WP 316L
A 403M, ClassWP 317
A 403M, ClassWP 317L

A 182M, Grade F 304
A 182M, Grade F 304L
A 182M, Grade F 316
A 182M, Grade F 316L
A 182M, Grade F 317
A 182M, Grade F 317L

A 193M, Class 1, Grades B8, B8A, and B8M
A 194M, Grades B8, B8A, B8M, and BBMA
A 320M, Grades B8, B8A, B8M, and BBMA
A 479M, Type 304

A 479M, Type 304L

A 479M, Type 316

A 479M, Type 316L

A 479M, Type 317

1. Unless otherwise specified by the purchaser, plate, sheet, or strip shall be furnished with aNo. 1 finish and shall be hot-rolled, annealed,

and descaled.

2. Carbon steel flanges and/or stub ends may be used by agreement between the purchaser and manufacturer, providing the design and details

consider the dissimilar properties of the materials used and are suitable for the intended service.

3. Castings shall not be used unless specified by the purchaser. If specified, castings shall meet ASTM A 351 and shall be inspected in accor-
dance with ASVIE Boiler and Pressure Viessel Code, Section VIII, Division 1, Appendix 7.
4. All barsin contact with the product shall be furnished in the hot-rolled, annealed, and descaled condition.

o 5. Other bolting materials may be used by agreement between the purchaser and manufacturer.
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Table S-1b—ASTM Materials for Stainless Steel Components (US Customary units)

Plates and Structural Piping and Tubing Seamless Forgings Bolting and Bars
Members (Note 1) or Welded (Note 2) (Notes 2, 3) (Notes 4, 5)
A 240, Type 304 A213, Grade TP 304 A 182, Grade F 304 A 193, Class 1, Grades B8, B8A, and B8M
A 240, Type 304L A213, Grade TP 304L A 182, Grade F 304L A 194, Grades 8, 8A, 8M, and BMA
A 240, Type 316 A213, Grade TP 316 A 182, Grade F 316 A320, Grades B8, B8A, B8M, and BBMA
A 240, Type 316L A213, Grade TP 316L A 182, Grade F 316L A 479, Type 304
A 240, Type 317 A213, Grade TP 317 A 182, Grade F 317 A 479, Type 304L
A 240, Type 317L A213, Grade TP 317L A 182, Grade F 317L A 479, Type 316
A 276, Type 304 A 312, Grade TP 304 A 479, Type 316L
A 276, Type 304L A 312, Grade TP 304L A 479, Type 317

A 276, Type 316
A 276, Type 316L

A 312, Grade TP 316
A 312, Grade TP 316L

A 312, Grade TP 317
A 312, Grade TP 317L
A 358, Grade 304

A 358, Grade 304L

A 358, Grade 316

A 358, Grade 316L

A 403, ClassWP 304
A 403, Class WP 304L
A 403, ClassWP 316
A 403, Class WP 316L
A 403, ClassWP 317
A 403, ClassWP 317L

A 276, Type 317

Notes:

1. Unless otherwise specified by the purchaser, plate, sheet, or strip shall be furnished with aNo. 1 finish and shall be hot-rolled, annealed, and

descaled.

2. Carbon steel flanges and/or stub ends may be used by agreement between the purchaser and manufacturer, providing the design and details
consider the dissimilar properties of the materials used and are suitable for the intended service.

3. Castings shall not be used unless specified by the purchaser. If specified, castings shall meet ASTM A 351 and shall be inspected in accor-
dance with ASVIE Boiler and Pressure Viessel Code, Section V111, Division 1, Appendix 7.

4. All barsin contact with the product shall be furnished in the hot-rolled, annealed, and descaled condition.

5. Other bolting materials may be used by agreement between the purchaser and manufacturer.

S.2.1.3 Externa dtructural attachments may be carbon
steels meeting the requirements of Section 2 of this standard,
providing they are protected from corrosion and the design
and details consider the dissimilar properties of the materials
used. (This does not include shell, roof, or bottom openings
and their reinforcement.) Carbon steel attachments (e.g., clips
for scaffolding) shall not be welded directly to any internal
surface of the tank.

S.2.2 PACKAGING

Packaging stainless steel for shipment is important to its
corrosion resistance. Precautions to protect the surface of the
material will depend on the surface finish supplied and may
vary among manufacturers. Norma packaging methods may
not be sufficient to protect the material from normal shipping

damage. If the intended service requires specia precautions,
specia instructions should be specified by the purchaser.
S.2.3 IMPACTTESTING

Impact tests are not required for austenitic stainless steel
base metals.
S.3 Design
S.3.1 BOTTOM PLATES

All bottom plates shall have aminimum nomina thickness
of 5 mm (346 in.), exclusive of any corrosion alowance.
Unless otherwise agreed to by the purchaser, al rectangular
and sketch plates (bottom plates on which the shell rests that

Copyright American Petroleum Institute
Reproduced by IHS under license with API

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.



03

00

00

00

WELDED STEEL TANKS FOR OIL STORAGE S-3

have one end rectangular) shall have a minimum nominal
width of 1200 mm (48in.).
S.3.2 SHELL DESIGN

The required minimum thickness of shell plates shall be
the greater of the values computed by the following formulas
and the shell thickness shall not be less than the nomina plate
thicknesslisted in 3.6.1.1:

In Sl units:

{ = 4.9DgH—0.3QG +CA
! (S)E

, = 49D(H-03)
(S)(E)

where

tqy = design shell thickness (mm),

o

t = hydrogtatic test shell thickness (mm),

D = nomind diameter of tank (m) (see 3.6.1.1),

H = designliquid level (m) (see 3.6.3.2),

G = gpecific gravity of theliquid to be stored, as speci-
fied by the purchaser,

E = joint efficiency, 1.0, 0.85, or 0.70 -::

CA = corrosion alowance (mm), as specified by the
purchaser (see 3.3.2),

S = dlowable stressfor the design condition (M Pa)

(b TbIe S,

S = dlowable stressfor hydrostatic test condition

(MPa) (see able S-2)

In US Customary units:

_ 26D(H=1)G | ca
(S)E

_ 2.6D(H-1)

T T E)E)

d

where
tg = design shell thickness (in.),
ty = hydrostatic test shell thickness (in.),
D = nomina diameter of tank (ft) (see 3.6.1.1),
H = designliquid level (ft) (see 3.6.3.2),

G = gpecific gravity of theliquid to be stored, as speci-
fied by the purchaser,

E = joint efficiency, 1.0, 0.85, or 0.70 (seq Table S-4),

CA = corrosion alowance (in.), as specified by the pur-
chaser (see 3.3.2),

Copyright American Petroleum Institute
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S = alowable stress for the design condition (Ibf/in.2)
(seeTable S-2),
S = dlowable stressfor hydrostatic test condition

(Ibf/in2) (see.

Note: The alowable stresses recognize the increased toughness of
stainless steels over carbon steels and the relatively low yield/tensile
ratios of the stainless steels. The increased toughness permits
designing to a higher proportion of the yield strength, however, the

manufacturer and pi Al be aware that this may result in
permanent strain (see Table S-2).

S.3.3 SHELL OPENINGS

S.3.3.1 The minimum nominal thickness of connections
and openings shall be asfollows:

Minimum Nominal

Size of Nozzle Neck Thickness
NPS 2 and less Schedule 80S
NPS 3 and NPS4 Schedule 40S
Over NPS 4 6mm (0.25in.)

Note: Reinforcement requirements of 3.7 must be maintained.

S.3.3.2 Therma stress relief requirements of 3.7.4 are not
applicable.

S.3.3.3  Shell manholes shall be in conformance with 3.7.5
except that the minimum thickness requirements shall be
multiplied by the greater of (a) the ratio of the material yield
strength at 40°C (100°F) to the materia yield strength at the
design temperature, or (b) the ratio of 205 MPa (30,000 psi)
to the material yield strength at the design temperature.

S.3.3.4 Asandternative to S.3.3.3, plate ring flanges may
be designed in accordance wi ard 620 rules using
the allowable stresses given ir] Table S-3.

S.3.4 ROOF MANHOLES

All stainless steel components of the roof manhole shall
have a minimum thickness of 5 mm (3/gin.).

S.3.5 APPENDIX F—MODIFICATIONS

S.35.1 InF4.1 and F5.1, the value of 212 MPa (30,800
psi) shdl be multiplied by the ratio of the materia yield
strength at the design temperature to 220 MPa (32,000 ps).

(Se¢ Table S5 for yield strength.)

S.3.5.2 InFk7.1, the shell thickness shall be as specified in
S.3.2 except that the pressure P [in kPa (in. of water)] divided
by 9.8G (12G) shall be added to the design liquid height in
meters (ft). The maximum joint efficiency shall be 0.85.

S.3.5.3 In k7.2, the alowable compressive stress of 140
MPa (20,000 psi) shall be multiplied by the ratio of the mate-

Document provided by IHS Licensee=Shell Services International B.V./5924979112,
09/19/2004 18:59:04 MDT Questions or comments about this message: please call
the Document Policy Group at 303-397-2295.

01



00

S-4 APl STANDARD 650

rial yield stress at the design temperature to 220 MPa (32,000
psi). (Seg Table S-5(for yield strengths.)

S.3.6  APPENDIX M—MODIFICATIONS

S.3.6.1 Appendix M requirements shall be met for stain-

less steel tanks with design temperatures over 40°C (100°F)
asmodified by S.3.6.2 through S.3.6.7.

6 Allowable shell stress shall be in accordance with
Table S-2

S.3.6.3 In M.3.4, the requirements of 3.7.7 for flush-type
cleanout fittings and of 3.7.8 for flush-type shell connections
shall be modified. The thickness of the bottom reinforcing
plate, bolting flange, and cover plate shall be multiplied by
the greater of (&) the ratio of the material yield strength at
40°C (100°F) to the materia yield strength at the design tem-
perature, or (b) the ratio of 205 MPa (30,000 psi) to the mate-

rial yield strength at the design temperature. (Seg Table S-5

for yield strength.)

S.3.6.4 In M.35, the stainless steel structural allowable
stress shall be multiplied by the ratio of the materia yield
strength at the design temperature to the materid yield
strength at 40°C (100°F). (SeefTable S-5|for yield strength.)

S.3.6.5 The reguirements of M.3.6 and M.3.7 are to be
modified per S.3.5.1.

S.3.6.6 InM.5.1, therequirements of 3.10.5 and 3.10.6 shall
be multiplied by the ratio of the material modulus of elagticity
a 40°C (100°F) to the material modulus of easticity at the
design temperature. ( for modulus of dadticity.)

S.3.6.7 In M.6 (the equation for the maximum height of
unstiffened shell in 3.9.7.1), the maximum height shall be
multiplied by the ratio of the material modulus of elagticity at
the design temperature to the material modulus of elasticity at
40°C (100°F).

S.4 Fabrication and Construction
S.4.1 GENERAL

Specid precautions must be observed to minimize therisk of
damage to the corrosion resistance of stainless steel. Stainless
steel shall be handled so as to minimize contact with iron or
other types of steel during al phases of fabrication and con-
struction. The following sections describe the major precau-
tions that should be observed during fabrication and handling.

S.4.2 STORAGE

Storage should be under cover and well removed from
shop dirt and fumes from pickling operations. If outside stor-
age is necessary, provisions should be made for rainwater to
drain and alow the materia to dry. Stainless steel should not
be stored in contact with carbon steel. Materials containing
chlorides, including foods, beverages, oils, and greases,
should not come in contact with stainless stedl.

Copyright American Petroleum Institute
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S.4.3 THERMAL CUTTING

S.4.3.1 Thermal cutting of stainless steel shall be by the
iron powder burning carbon arc or the plasma-arc method.

S.4.3.2 Thermal cutting of stainless steel may leave a hesat-
affected zone and intergranular carbide precipitates. This
heat-affected zone may have reduced corrosion resistance
unless removed by machining, grinding, or solution anneal-
ing and quenching. The purchaser shall specify if the heat-
affected zoneisto be removed.

S.4.4 FORMING

S.4.4.1 Stainlesssteelsshal beformed by acold, warm, or
hot forming procedure that is noninjurious to the material.

S.4.4.2 Stainless steels may be cold formed, providing the
maximum strain produced by such forming does not exceed
10% and control of forming spring-back is provided in the
forming procedure.

S.4.4.3 Wam forming a 540°C (1000°F) to 650°C
(1200°F) may cause intergranular carbide precipitation in
304, 316, and 317 grades of stainless steel. Unless stainless
steel in this sensitized condition is acceptable for the service
of the equipment, it will be necessary to use 304L, 316L, or
317L grades or to solution anneal and quench after forming.
Warm forming shall be performed only with agreement of the
purchaser.

S.4.4.4 Hot forming, if required, may be performed within
atemperature range of 900°C (1650°F) to 1200°C (2200°F).

S.4.4.5 Forming at temperatures between 650°C (1200°F)
and 900°C (1650°F) is not permitted.

S.45 CLEANING

S.4.5.1 When the purchaser requires cleaning to remove
surface contaminants that may impair the normal corrosion
resistance, it shall be done in accordance with ASTM A380,
unless otherwise specified. Any additiona cleanliness
requirements for the intended service shall be specified by the
purchaser.

S.4.5.2 When welding is completed, flux residues and
weld spatter shall be removed mechanically using stainless
steel tools.

S.4.5.3 Remova of excessweld metd, if required, shall be
done with a grinding wheel or belt that has not been previ-
ously used on other metals.

S.4.5.4 Chemical cleaners used shall not have a detrimen-
tal effect on the stainless steel and welded joints and shall be
disposed of in accordance with laws and regulations govern-
ing the disposal of such chemicas. The use of chemical
cleaners shall dways be followed by thorough rinsing with
water and drying (see S.4.9).
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Table S-2—Allowable Stresses for Tank Shells

Allowable Stress [in MPa (psi)] for Design Temperature Not Exceeding (&)

Min.Yield Min. Tensile
Type MPa (psi) MPa(ps)  40°C (100°F) 90°C(200°F) 150°C (300°F) 200°C (400°F) 260°C (500°F) S Ambient
304 205(30,000) 515(75,000) 155(22,500) 155(22,500) 140(20,300) 128(18,600) 121 (17,500) 186 (27,000)
304L  170(25000) 485(70,000) 145(21,000) 132(19,200) 119(17,200) 109(15800) 101 (14,700) 155 (22,500)
316  205(30,000) 515(75000) 155(22,500) 155(22,500) 145(21,000) 133(19,300) 123(17,900) 186 (27,000)
316L  170(25,000) 485(70,000) 145(21,000) 131(19,000) 117(17,000) 107 (15500) 99 (14,300) 155 (22,500)
317  205(30,000) 515(75000) 155(22,500) 155(22,500) 145(21,000) 133(19,300) 123(17,900) 186 (27,000)
317L  205(30,000) 515(75000) 155(22,500) 155(22,500) 145(21,000) 133(19,300) 123(17,900) 186 (27,000)
Notes:

1. § may be interpolated between temperatures.
2. The design stress shall be the lesser of 0.3 of the minimum tensile strength or 0.9 of the minimum yield strength. The factor of 0.9 of yield
corresponds to a permanent strain of 0.10%. When alower level of permanent strain is desired, the purchaser shall specify areduced yi
Table S—5]
chaser

in accordance with TableY-2 of ASME Section |1, Part D. Theyield values at the different design temperatures can be obtained from
3. For dual certified materias (e.g., ASTM A 182M/A 182 Type 304L/304), use the allowabl e stress of the grade specified by the pur

Table S-3—Allowable Stresses for Plate Ring Flanges

Allowable Stress [in MPa (psi)] for Design Temperature Not Exceeding

Type 40°C (100°F) 90°C (200°F) 150°C (300°F) 200°C (400°F) 260°C (500°F)
304 140 (20,000) 115 (16,700) 103 (15,000) 95 (13,800) 89 (12,900)
304L 117 (16,700) 99 (14,300) 88 (12,800) 81 (11,700) 75 (10,900)
316 140 (20,000) 119 (17,200) 107 (15,500) 99 (14,300) 92 (13,300)
316L 117 (16,700) 97 (14,100) 87 (12,600) 79 (11,500) 73 (10,600)
317 140 (20,000) 119 (17,300) 108 (15,600) 99 (14,300) 92 (13,300)
317L 140 (20,000) 119 (17,300) 108 (15,600) 99 (14,300) 92 (13,300)
Notes:

1. Allowable stresses may be interpolated between temperatures.

2, The dlowable stresses are based on alower level of permanent strain.
3. The design stress shall be the lesser of 0.3 of the minimum tensile strength or 2/3 of the minimum yield strength.

4. For dud certified materias (e.g., ASTM A 182M/A 182 Type 304L/304), use the allowable stress of the grade specified by the purchaser.
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Joint Efficiency Radiograph Requirements
10 Radiograph per 6.1.2
0.85 Radiograph per A.5.3
0.70 No radiography required
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Table S-5—Yield Strength Values in MPa (psi)

Yield Strength [in MPa (psi)] for Design Temperature Not Exceeding

Type 40°C (100°F) 90°C (200°F) 150°C (300°F) 200°C (400°F) 260°C (500°F)
304 205 (30,000) 170 (25,000) 155 (22,500) 143 (20,700) 134 (19,400)
304L 170 (25,000) 148 (21,400) 132 (19,200) 121 (17,500) 113 (16,400)
316 205 (30,000) 178 (25,800) 161 (23,300) 148 (21,400) 137 (19,900)
316L 170 (25,000) 145 (21,100) 130 (18,900) 119 (17,200) 110 (15,900)
317 205 (30,000) 179 (25,900) 161 (23,400) 148 (21,400) 138 (20,000)
317L 205 (30,000) 179 (25,900) 161 (23,400) 148 (21,400) 138 (20,000)

Notes:

1. Interpol ate between temperatures.
2. Reference: TableY-1 of ASME Section Il, Part D.

Table S-6—Modulus of Elasticity at the Maximum Operating Temperature

Design Temperature [C° (°F)] Not Exceeding

Modulus of Elasticity [MPa (psi)]

40 (100)
90 (200)
150 (300)
200 (400)
260 (500)

Note: Interpolate between temperatures.

S.4.6 BLAST CLEANING

If blast cleaning is necessary, it shall be done with sharp
acicular grains of sand or grit containing not more than 2%
by weight iron as free iron or iron oxide. Steel shot or sand
used previously to clean nonstainless steel is not permitted.

S.4.7 PICKLING

If pickling of a sensitized stainless steel is necessary, an
acid mixture of nitric and hydrofluoric acids shall not be used.
After pickling, the stainless steel shall be thoroughly rinsed
with water and dried.

S.4.8 PASSIVATION OR IRON FREEING

When passivation or iron freeing is specified by the pur-
chaser, it may be achieved by treatment with nitric or citric
acid. The use of hydrofluoric acid mixtures for passivation
purposes s prohibited for sensitized stainless.

S.4.9 RINSING

S.4.9.1 When cleaning and pickling or passivation is
required, these operations shall be followed immediately by
rinsing, not allowing the surfaces to dry between operations.
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193,000 (28,000,000)
189,000 (27,400,000)
183,000 (26,600,000)
180,000 (26,100,000)
174,000 (25,200,000)

e S.4.9.2 Rinse water shall be potable and shall not contain

more than 200 parts per million chloride a temperatures
below 40°C (100°F), or no more than 100 parts per million
chloride at temperatures above 40°C (100°F) and below 65°C
(150°F), unless specified otherwise by the purchaser.

S.4.9.3 Following fina rinsing, the equipment shal be
completely dried.

S.4.10 HYDROSTATIC TEST CONSIDERATIONS—
QUALITY OF TEST WATER

S.4.10.1 Themateriasused in the construction of stainless
steel tanks may be subject to severe pitting, cracking, or rust-
ing if they are exposed to contaminated test water for
extended periods of time. The purchaser shall specify amini-
mum quality of test water that conforms to the following
requirements:

a. Unless otherwise specified by the purchaser, water used
for hydrostatic testing of tanks shall be potable and treated,
containing at least 0.2 parts per million free chlorine.

b. Water shall be substantially clean and clear.

c. Water shall have no objectionable odor (that is, no hydro-
gen sulfide).
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d. Water pH shall be between 6 and 8.3.

e. Water temperature shall be below 50°C (120°F).

f. The chloride content of the water shall be below 50 parts
per million, unless specified otherwise by the purchaser.

S.4.10.2 When testing with potable water, the exposure
time shall not exceed 21 days, unless specified otherwise by
the purchaser.

S.4.10.3 When testing with other fresh waters, the expo-
sure time shall not exceed 7 days.

S.4.10.4 Upon completion of the hydrostatic test, water
shall be completely drained. Wetted surfaces shall be washed
with potable water when nonpotable water is used for the test
and completely dried. Particular attention shall be given to
low spots, crevices, and similar areas. Hot air drying is not
permitted.

S.4.11 WELDING

S.4.11.1 Tanks and their structural attachments shall be
welded by any of the processes permitted in 5.2.1.1 or by the
plasma arc process. Galvanized components or components
painted with zinc-rich paint shal not be welded directly to
stainless stedl.

S.4.11.2 Filler meta chemistry shal match the type of
base metalsjoined. Dissimilar weldsto carbon steels shall use
filler metals of E309 or higher alloy content.

S.4.12 WELDING PROCEDURE AND WELDER
QUALIFICATIONS

Impact tests are not required for austenitic stainless steel
weld metal and heat-affected zones.
S.4.13 POSTWELD HEAT TREATMENT

Postweld heat treatment of austenitic stainless steel materi-
als need not be performed unless specified by the purchaser.

S.4.14 INSPECTION OF WELDS
S.4.14.1 Radiographic Inspection of Butt-Welds

Radiographic examination of butt-welds shall be in accor-
dance with 6.1 an
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S.4.14.2 Inspection of Welds by Liquid Penetrant

Method

The following component welds shall be examined by the
liquid penetrant method before the hydrostatic test of the
tank:

a. The shell-to-bottom inside attachment weld.

b. All welds of opening connectionsin tank shell that are not
completely radiographed, including nozzle and manhole neck
welds and neck-to-flange welds.

c. All welds of attachments to shells, such as stiffeners,
compression rings, clips, and other nonpressure parts for
which the thickness of both parts joined is greater than 19
mm (3/4in.).

d. All butt-welded joints in tank shell and annular plate on
which backing strips are to remain.

S.5 Marking
Brazing shall be deleted from 8.1.2.

S.6 Appendices

The following appendices are modified for use with auste-
nitic stainless steel storage tanks:

a. Appendix C is applicable; however, the purchaser shall
identify all materials of construction.

b. Appendix F is modified as outlined in S.3.5 of this
appendix.

c. Appendix Jis applicable, except the minimum shell thick-
nessfor al tank diametersis 5 mm (3/1in.).

d. Appendix K is not applicable to tanks built to this
appendix.

e. Appendix M is modified as outlined in S.3.6 of this
appendix.

f. Appendix N isnot applicable.

g. Appendix O is applicable; however, the structural mem-
bers oaJI be of an acceptable grade of material.

h. All other appendices are applicable without modifications.
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APPENDIXT—NDE REQUIREMENTS SUMMARY

Reference

Process Welds Requiring Inspection Section
Air Test Reinforcement plate welds inside and outside to 100 kPa (15 Ibf/in.2). 535
Air Test Roofs designed to be airtight if roof seams are not vacuum box tested. 53.7.1a
Air Test Drain pipe and hose systems of primary drains of external floating roofs. C45
Air Test Appendix F tanks with anchors. F.7.6
Air Test Aluminum dome roofs if required to be gastight. G.10.1.2
Air Test Shop built tanks J4.2.2
Hydro Tank shell. 53.6.a
MT Flush-type shell connections: nozzle-to-tank shell, repad welds, shell-to-bottom reinforcing pad welds on 37811

the root pass, each 1/, inch of weld, and completed weld. After stress relieving before hydro test.
MT Permanent attachment welds and temporary weld removal areas. 5235
MT Welds attaching nozzles, manways, and clean out openings. 5236
MT First pass of theinternal shell-to-bottom weld. 524.1a
MT Final shell-to-bottom welds, inside and outside instead of M T, PT, pen. oil, or VB of theinitial inside pass. 5.24.2c
Pen. Qil All seams of internal floating roofs exposed to liquid or vapors. H.4.3.4
Pen. Qil First pass of the internal shell-to-bottom weld if approved instead of MT or PT. 524.1d
Pen. Qil Tank shell if no water for hydrostatic test. 53.6.b
Pen. Qil Deck seams of external floating roofs. C42
PT Permanent attachment welds and temporary weld removal areasinstead of MT if approved. 5235
PT Welds attaching nozzles, manways, and clean out openingsinstead of MT if approved. 5236
PT First pass of theinternal shell-to-bottom weld if approved instead of MT. 5.24.1b

orc

PT Final shell-to-bottom welds, inside and outside instead of M T, PT, pen. oil, or VB of theinitial inside pass. 5.24.2¢c
PT All aluminum structural welds and components joined by welding. G.11.3
PT Shell-to-bottom welds, opening connections not radiographed all welds of attachmentsto shells, and all S4.14.2

butt welds of shell plates and annular plates of stainless steel tanks.
RT Shell plate butt welds. 5321
RT Butt welds of annular platesthat are required by 3.5.1 or M.4.1. 6.1.2.9
RT Flush-type shell connections: 100% of al longitudinal butt weldsin the nozzle neck and transition piece, if 37811

any, and thefirst circumferential butt weld in the neck closest to the shell, excluding the neck-to-flange

weld.
Tracer Gas| Entire length of bottom weld joints as an aternative to vacuum box testing. 6.6.11
uT When specified for weld examination. 6.3.1
VB First pass of theinternal shell-to-bottom weld if approved instead of M T, PT, or pen. ail. 5.24.1e
VB Final shell-to-bottom welds, inside and outside instead of M T, PT, pen. oil, or VB of theinitial inside pass. 5.24.2.c
VB Bottom welds. 534a
VB Welds of roofs designed to be gastight if not air tested. 53.7.1b
VB All seams of internal floating roofs exposed to liquid or vapors. H.434
VB Flexible membrane liners. 1.6.2
VE Flush-type shell connections: nozzle-to-tank shell, repad welds, shell-to-bottom reinforcing pad welds on 37811

the root pass, each 20 mm (¥/, in.) of weld, and completed weld. After stress relieving before hydro test.
VE Tack of shell butt welds left in place. 5218
VE Permanent attachment welds and temporary weld removal areas. 5235
VE Welds attaching nozzles, manways, and clean out openings. 5236
VE First pass of the internal shell-to-bottom weld. 524.1
VE Final shell-to-bottom welds, inside and outside instead of MT, PT, pen. oil, or VB of theinitial inside pass. 524.2b
VE Shell plate butt welds. 5321
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T-2 APl STANDARD 650
Reference
Process Welds Requiring Inspection Section
VE Fillet welds. 53.22
VE Welds on roofs not designed to be gastight. 53.7.2
VE Upper side of the upper deck welds of pontoon and double deck floating roofs. Ca4
VE All @uminum structural welds and components joined by welding G.11.3
VE Joint fit-up of butt welds of bottoms supported by grillage and each weld pass. .74
Water Bottom weldsif not vacuum box tested. 534b
Water External floating roof s—floating test. c43
Water Aluminum dome roofs after completion. G.10.11
Water Internal floating roofs H.7.3
Definitions:
MT= Magnetic Particle Examination
Pen Oil = Penetrating Oil Test
PT = Liquid Penetrant Examination
RT = Radiographic Testing
VB = Vacuum Box Testing
VE =Visual Examination
Acceptance Standards:

01

MT: ASME SectionV, Article 7

PT: ASME SectionV, Article 6, excluding aluminum dome parts—see AWS D1.2.
RT: ASME Section V111, Paragraph UW-51(b)

Tracer Gas. None

UT: As agreed upon by purchaser and manufacturer.

VB: None

VE: API-650 6.5t

Examiner Qualifications:

MT: APl 650, Section 6.2.3

PT: APl 650, Section 6.2.3

RT: ASNT Leve Il or Il

Tracer Gas. None

UT: ASNT Leve Il or I11. A Level | may be used with restrictions—see API 650, Section 6.3.3.
VB: None

VE: None

Procedure Requirements:

MT: ASME SectionV, Article 7

PT: ASME SectionV, Article 6

RT: A procedure is not required. However, the examination method must comply with ASME SectionV,
Article 2. Acceptance standards shall be in accordance with ASME Section V111, Paragraph UW-51(b).
UT: ASME SectionV, Article 5

VB: None

VE: None
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APPENDIX U—ULTRASONIC EXAMINATION IN LIEU OF RADIOGRAPHY

U.l1 General
U.l.1 PURPOSE

This appendix provides detailed rules for the use of the
ultrasonic examination (UT) method for the examination of
tank seams as permitted by section 5.3.2.1. This alternative is
limited to joints where the thickness of the thinner of the two
membersjoined is greater than or equal to 10mm (3/gin.).

U.1.2 APPLICATION AND EXTENT
The provisions of section 6.1 governing

a when adjacent plates may be regarded as the same
thickness,

b. application (6.1.1), and

¢. number and locations (6.1.2)

shall apply to this ultrasonic method. When these sections
refer to radiography, for purposes of this appendix, they shall
be read as applied to ultrasonic examination.

U.2 Definitions

U.2.1 reflector: Aninterface a which an ultrasonic beam
encounters a change in acoustic impedance and at which at
least part of the energy is reflected.

U.2.2 indication: That which marks or denotes the pres-
ence of areflector.

U.2.3 flaw: A reflector that is not geometric or metallurgi-
cal in origin that may be detectable by nondestructive testing
but is not necessarily rejectable.

U.2.4 investigation: Activities required to determine the
interpretation of an indication (see U.6.1 and U.6.2)

U.2.5 interpretation: The determination of whether an
indication is relevant or nonrelevant (i.e., whether it origi-
nates from a geometric or metallurgical feature or conversely
originates from aflaw) (see U.6.2).

U.2.6 evaluation: All activities required in U.6.3 through
U.6.6 to determine the acceptablity of aflaw.

U.2.7 flaw categorization: Whether a flaw is a surface
flaw or is a subsurface flaw (See U.6.4). Note that aflaw need
not be surface breaking to be categorized as a surface flaw.

U.2.8 flaw characterization: The process of quantifying
the size, location and shape of a flaw. See U.6.3 for size and
location. The only shape characterization required by this
appendix is applied to the results of supplemental surface
examination by MT or PT (see U.6.6.2).

U.2.9 recording: The writing of ultrasonic data onto an
appropriate electronic medium.

Copyright American Petroleum Institute
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U.2.10 documenting: Preparation of text and/or and
figures.

U.3 Technique

U.3.1 The ultrasonic examination volume shall include the
weld metal, plus the lesser of 25mm (1 in.) or t of adjoining
base metal on each side of the weld unless otherwise agreed
upon by the purchaser and the manufacturer.

U.3.2 Ultrasonic examination for the detection of flaws
shall be performed using automated, computer-based data
acquisition except that scanning of adjacent base metal for
flaws that can interfere with the examination may be per-
formed manually. Ultrasonic examination for sizing of flaws
shall be performed as described in U.6.3.1

U.3.3 A documented examination strategy or scan plan
shall be provided showing transducer placement, movement,
and component coverage that provides a standardized and
repeatable methodology for weld acceptance. The scan plan
shall adso include ultrasonic beam angle to be used, beam
directions with respect to weld centerline, and tank material
volume examined for each weld. The documentation shall be
made available to the Owner upon request.

U.3.4 Datafrom the examination volume, per U.3.1, shal
be recorded and/or documented as follows:

a for automated computer-based scans, data shall be
recorded using the same system essential variables, specified
value or range of values, used for the demonstration of the
procedure per U.4.3 below.

b. for manua scans, results shall be documented in a written
report.

U.3.5 The ultrasonic examination shal be performed in
accordance with awritten procedure which has been reviewed
and approved by the purchaser and conforms to the require-
ments of SectionV, Article 4 of the ASME code, except that:

a. the calibration block shown in Fig. T-542.2.1 of SectionV,
Article 5 shall be used, and

b. for examination techniques that provide plate quality
information (e.g., TOFD), the initial base material straight-
beam examination need not be performed.

U.3.6 The examination methodology (including paragraph
U.6.6) shall be demonstrated to be effective over the full weld
volume. It isrecognized that time of flight diffraction (TOFD)
may have limitations in detection of flaws at the surface such
that it may be necessary to supplement TOFD with pulse-echo
techniques suitable for the detection of near-field and far-field
flaws. The variety of surface and sub-surface category flawsin
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uU-2 APl STANDARD 650

the test plate mandated by U.4.3.a are intended to ensure that
any such limitations are adequately addressed.

U.4 Personnel Qualifications and Training

U.4.1 Personnel Qualifications—Personnel perform-
ing and evaluating UT examinations shall be qualified and
certified in accordance with their employer’s written practice.
ASNT SNT-TC-IA or CP-189 shall be used as a guideline.
Only Level 1l or Il personnel shall perform UT examina-
tions, analyze the data, or interpret the results.

U.4.2 Qualification Records—Quadlification records of
certified personnel shall be approved by the manufacturer and
maintained by their employer.

U.4.3 Personnel Testing—Personnel who acquire and
analyze UT data shall betrained using the equipment of U.3.2,
and the procedure of U.3.5 above. Additionally, they shall pass
apractica examination based on the technique on a blind test
plate. The testing program detalls shall be by agreement
between the purchaser and the ingpection company but shall in
any case include the following elements as a minimum:

a Thetest plate shal contain avariety of surface and sub-sur-
face category flaws including multiple flaws described in
section U.6.5. Some of the flaws shall be acceptable and others
unacceptable per the applicable criteria o

b. The practical examination should cover detection, inter-
pretation, sizing, plotting, categorization, grouping, and
characterization that is sufficient to cover the cases outlined
inU.6.

c. Criteria for passing the test shall include limits on the
number of miscals both of rejectable flaws missed or
accepted and acceptable regions rejected.

d. Testing shall be facilitated by a third-party or by the
purchaser.

U5 Level lll Review

U.5.1 The find data package shall be reviewed by a UT
Level 11l individua qualified in accordance with U.4.1 and
U.4.3 above. The review shal include:

a The ultrasonic data record.

b. Datainterpretations.

c. Evaluations of indications performed by another qualified
Level Il or Il individual. The data review may be performed
by another individual from the same organization.

U.5.2 Alternatively, the review may be achieved by arrang-
ing for a data acquisition and initial interpretation by a Level
Il individual qualified in accordance with. U.4.1 and U.4.3
above, and a final interpretation and evaluation shall be per-
formed by aLevel Il individua qualified per U.5.1.

Copyright American Petroleum Institute
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U.6 Interpretation and Evaluation

U.6.1 Investigation Criteria—Reflectors that produce a
response greater than 20% of the reference level shall be
investigated. Alternatively, for methods or techniques that do
not use amplitude recording levels, sized reflectors longer
than 40% of the acceptable surface or subsurface flaws in
[ Table U-1]shall be investigated. The investigation shall inter-
pret whether the indication originates from aflaw or isageo-
metric indication in accordance with U.6.2 below. When the
reflector is determined to be aflaw, the flaw shall be evaluated

and acceptance criteria of Table U-1 as applicable shall apply.

U.6.2 Interpretation as Geometric/Metallurgical—
Ultrasonic indications of geometric and metallurgica origin
shall be interpreted as follows:

U.6.2.1 Indications that are determined to originate from
the surface configurations (such as weld reinforcement or
root geometry) or variations in metallurgical structure of
materials may be interpreted as geometric indications, and

a. Need not be sized or categorized in accordance with U.6.3
and U.6.4 below;

b. Need

criteriaof Table U-1;
c. The maximum indication amplitude (if applicable) and
location shall be documented, for example: interna attach-
ments, 200% DAC maximum amplitude, 1 in. above the weld
centerline, on the inside surface, from 90 to 95 deg.

pared to the allowable flaw acceptance

U.6.2.2 The following steps shall be taken to classify an
indication as geometric:

a Interpret the area containing the indication in accordance
with the applicable examination procedure;

b. Plot and verify the indication’s coordinates, provide a
cross-sectional display showing the indication’s position and
any surface conditions such as root or counterbore; and

c. Review fabrication or weld prep drawings.

U.6.2.3 Alternatively, other NDE methods or techniques
may be applied to interpret an indication as geometric (e.g.,
alternative UT beam angles, radiography, ID and/or OD pro-
filing).

U.6.3 FLAW SIZING

U.6.3.1 Flaws shal be sized using automated, computer-
based data acquisition or by a supplemental manual technique
that has been demonstrated to perform acceptably per U.4.3
above.

U.6.3.2 Thedimensions of the flaw shall be defined by the
rectangle that fully contains the area of the flaw. The length
(1) of the flaw shall be drawn parallel to the inside pressure-
retaining surface of the component. The height (h) of the flaw
shall be drawn normal to theinside pressure retaining surface.
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WELDED STEEL TANKS FOR OIL STORAGE U-3

u.6.4 FLAW CATEGORIZATION

If the space between the surface and the flaw in the thru-
thickness direction is less than one-half the measured height
of the flaw, then the flaw shall be categorized as a surface flaw
with flaw height extending to the surface of the material.

U.6.5 GROUPING OF MULTIPLE FLAWS

U.6.5.1 Discontinuous flaws that are oriented primarily in
paralel planes shal be considered to lie in a single plane if
the distance between the adjacent planes is equal to or less
than 1/2in.

U.6.5.2 If the space between two flaws aigned along the
axis of weld is less than two times the length of the longer of
the two, the two flaws shall be considered a singular flaw.

U.6.5.3 If the space between two flaws aigned in the thru-

thickness direction is less than two times the height of the

larger of the two, the two flaws shall be considered a singular

U.6.6 FLAW ACCEPTANCE CRITERIA

U.6.6.1 Acceptance Criteria Tables—Faw dimen-
sions resulting after the application of the rules of U.6.3,
U.6.4 and U.6.5 shall be evaluated for acceptance using the
criteriaof Table U-1.

U.6.6.2 Surface Examination—A supplemental surface
examination (MT or PT) shal be performed in accordance
with sections 6.2 or 6.4 as applicable for all surface flaws.
Any flaws which are detected by MT or PT and characterized
as planar are unacceptable regardless of length.

U.7 Repairs

All repaired areas, plus the lesser of 25mm (1 in.) or t of
the adjoining weld on each side of the repair, shall be rein-
spected per thisAppendix.

U.8 Flaw Documentation

flaw. In addition to the data record prescribed by U.3.4, written
documentation shall be produced for each unacceptable flaw
and those acceptable flaws that either exceed 50% of refer-
ence level for amplitude based techniques or exceed 75% of

03 the acceptable length for non-amplitude techniques.

Table U-1—Flaw Acceptance Criteria for UT Indications May Be Used for All Materials

Acceptable Flaw Lengths—(I) mm (in)
For Surface FlawP with Height, (h) For Subsurface Flaw with Height, (h) mm (in.)
Thickness at Weld (t) @mm (in.) mm (in.)
2(0.08) | 25(0.10) | 3(0.12) 2(0.08) 3(0.12) 4(0.16) 5(0.2) 6(0.24)
10 (0.375) to <13 (0.50) 8 8 4 14 5 4 Not Not
(0.30) (0.30) (0.15) (0.55) (0.20) (0.15) alowed alowed
13 (0.50) to < 19 (0.75) 8 8 4 38 8 5 4 3
(0.30) (0.30) (0.15) (1.50) (0.30) (0.20) (0.15) (0.10)
19 (0.75) to < 25 (1.0) 8 8 4 75 13 8 6 5
(0.30) (0.30) (0.15) (3.00) (0.50) (0.30) (0.25) (0.20)
25(1.0)to< 32(1.25) 9 8 4 100 20 9 8 6
(0.35) (0.30) (0.15) (4.00) (0.80) (0.35) (0.30) (0.25)
32(1.25) to < 38 (1.50) 9 8 4 125 30 10 8 8
(0.35) (0.30) (0.15) (5.00) (1.20) (0.40) (0.30) (0.30)
38(1.50) to < 44 (1.75) 9 8 4 150 38 10 9 8
(0.35) (0.30) (0.15) (6.00) (1.50) (0.40) (0.35) (0.30)

a t = thickness of the weld excluding any allowable reinforcement. For a butt weld joining members having different thickness at the weld, tis
the thinner of the two.

b. Any surface flaw, to be deemed acceptable, must satisfy both the size limitations of thistable and additionally satisfy the MT/PT characteriza-
tion limitations of U.6.6.2.
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There’s more where this
came from.

The American Petroleum Institute provides additional resources and programs
to the oil and natural gas industry which are based on API® Standards. For
more information, contact:

e API Monogram® Licensing Program Phone: 202-962-4791
Fax: 202-682-8070

* American Petroleum Institute Quality Registrar Phone: 202-962-4791
(APIQR®) Fax: 2026828070

+ APl Spec Q1° Registration Phone: 202-962-4791
Fax:  202-682-8070

» API Perforator Design Registration Phone: 202-962-4791
Fax: 202-682-8070

* API Training Provider Certification Program Phone: 202-682-8490
Fax: 202-682-8070

 Individual Certification Programs Phone: 202-682-8161
Fax: 202962-4739

* Engine QOil Licensing and Certification System Phone: 202-682-8233
(EOLCS) Fax: 202-962-4739

e Training/Workshops Phone: 202-682-8490
Fax: 202-682-8070

Check out the API Publications, Programs, and Services Catalog online at
www.api.org.

American Petroleum Institute Helping You Get The Job Done Right®
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Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about API Publications, Programs and Services is
available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
I ) Petroleum  Washington, D.C. 20005-4070
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