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API ENVIRONMENTAL, HEALTH AND SAFETY MISSION
AND GUIDING PRINCIPLES

 

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

 

●

 

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

 

●

 

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

 

●

 

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

 

●

 

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

 

●

 

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

 

●

 

To economically develop and produce natural resources and to conserve those
resources by using energy efÞciently.

 

●

 

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

 

●

 

To commit to reduce overall emissions and waste generation.

 

●

 

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

 

●

 

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

 

●

 

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

 

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, 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 API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

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

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

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

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

 

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 

without prior written permission from the publisher. Contact the Publisher, 
API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.
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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 internal
pressures not more than 2
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 pounds per square inch gauge. This standard is meant to be a
purchase speciÞcation 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 manufacturerÕs certiÞcation for tanks that do not fulÞll the minimum require-
ments of this standard or that exceed its limitations. It is strongly recommended that any
modiÞcations, deletions, or ampliÞcations 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 requirements. More stringent design
rules speciÞed 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 speciÞc design or as limiting the
method of design or construction.

This standard is not intended to cover storage tanks that are to be erected in areas subject
to regulations more stringent than the speciÞcations in this standard. When this standard is
speciÞed for such tanks, it should be followed insofar as it does not conßict 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 API 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 addenda to this API standard becomes effective six months after the date of issu-
ance for equipment that is certiÞed as being rerated, reconstructed, relocated, repaired, mod-
iÞed (altered), 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 is to be
rerated, reconstructed, relocated, repaired, modiÞed (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 expressly 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 conßict.

The purchaser shall specify whether tanks supplied to this standard will have SI dimen-
sions and comply with applicable ISO standards, or have U.S. Customary dimensions and
comply with applicable U.S. standards. Where conßicts arise between SI and U.S. Custom-
ary units, the U.S. Customary units will govern.

Suggested revisions are invited and should be submitted to the Downstream Segment,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005.
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IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS 
OR ALTERNATIVE MATERIALS

 

Asbestos is speciÞed or referenced for certain components of the equipment described in
some API standards. It has been of extreme usefulness in minimizing Þre hazards associated
with petroleum processing. It has also been a universal sealing material, compatible with
most reÞning ßuid services.

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

Consult the most recent edition of the Occupational Safety and Health Administration
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for Asbestos,
Tremolite, Anthophyllite, and Actinolite, 29 

 

Code of Federal Regulations

 

 Section
1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for
Asbestos, 40 

 

Code of Federal Regulations

 

 Sections 61.140 through 61.156; and the U.S.
Environmental Protection Agency (EPA) rule on labeling requirements and phased banning
of asbestos products (Sections 763.160-179).

There are currently in use and under development a number of substitute materials to
replace asbestos in certain applications. Manufacturers and users are encouraged to develop
and use effective substitute materials that can meet the speciÞcations 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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1-1

 

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 Þxed 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 speciÞcations other than those contained in
this standard.

 

Note: A bullet (

 

¥

 

) at the beginning of a paragraph indicates that there
is an expressed decision or action required of the purchaser. The pur-
chaserÕs responsibility is not limited to these decisions or actions
alone. When such decisions and actions are taken, they are to be
speciÞed in documents such as requisitions, change orders, data
sheets, and drawings.

 

1.1.3

 

The purchaser will specify whether tanks con-
structed to this standard shall have SI dimensions and com-
ply with applicable SI unit standards or have US Customary
dimensions and comply with applicable US Customary unit
standards. 

 

1.1.4

 

 The appendices 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 speciÞes an option covered by
that appendix. See Table 1-1 for the status of each appendix.

 

1.1.5

 

Appendix A provides alternative simpliÞed 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 (

 

1

 

/

 

2

 

 in.), including any

corrosion allowance, 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 ßat-bottom oil
storage tanks.

 

1.1.7

 

Appendix C provides minimum requirements for
pan-type, pontoon-type, and double-deck-type external ßoat-
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 alternative 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 a small internal 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 ßoating roof in a tank with a Þxed roof at
the top of the tank shell. 

 

1.1.13

 

Appendix I provides acceptable construction details
that may be speciÞed 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-
Þed and designed to operate at temperatures exceeding 90¡C
(200¡F) but not exceeding 260¡C (500¡F).

 

1.1.18

 

Appendix N provides requirements for the use of
new or unused plate and pipe materials that are not com-
pletely identiÞed as complying with any listed speciÞcation
for use in accordance with this standard.
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1.1.19

 

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

 

1.1.20

 

Appendix P provides minimum recommendations
for design of shell openings that conform to Table 3-6 that are
subject to external piping loads. An alternative or supplemental
design may be agreed upon by the purchaser or manufacturer.

 

1.1.21

 

Appendix S provides requirements for stainless
steel tanks.

 

1.2 LIMITATIONS

 

The rules of this standard are not applicable beyond the
following 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 Þrst ßange in bolted ßanged connections,
unless covers or blinds are provided as permitted in this
standard.
b. The Þrst sealing surface for proprietary connections or
Þttings.
c. The Þrst threaded joint on the pipe in a threaded connec-
tion to the tank SHELL.
d. The Þrst circumferential joint in welding-end pipe connec-
tions if not welded to a ßange.

 

1.3 COMPLIANCE

 

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

 

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

 

Appendix Title Status

A Optional design basis for small tanks PurchaserÕs Option

B Recommendations for design and construction of foundations 
for aboveground oil storage tanks

Recommendations

C

 

 

 

External ßoating roofs PurchaserÕs Option

D Technical inquiries Required Procedures

E Seismic design of storage tanks PurchaserÕs option 

F Design of tanks for small internal pressures Requirements 

G

 

 

 

Structurally supported aluminum dome roofs PurchaserÕs Option

H Internal ßoating roofs PurchaserÕs Option

I Undertank leak detection and subgrade protection PurchaserÕs option

J Shop-assembled storage tanks Requirements

K Sample application of the variable-design-point method to 
determine shell-plate thickness

Information

L

 

 

 

API Standard 650 storage tank data sheets Requirements

M Requirements for tanks operating at elevated temperatures Requirements

N Use of new materials that are not identiÞed Requirements

O Recommendation for under-bottom connections PurchaserÕs option

P Allowable external load on tank shell openings PurchaserÕs option

S Austenitic stainless steel storage tanks Requirements

 

DeÞnitions:

 

 

 

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 
manufacturerÕs certiÞcation.

Requirement: The outlined design criteria must be used unless the purchaser and manu-
facturer agree upon a more stringent alternative design.

Recommendation: The outlined criteria provides a good acceptable design and may be used at 
the option of the purchaser and manufacturer.

PurchaserÕs Option: When the purchaser speciÞes an option covered by an appendix, the appen-
dix then becomes a requirement.
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1.4 REFERENCED PUBLICATIONS

 

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

API

Spec 5L

 

SpeciÞcation for Line Pipe

 

Std 620

 

Design and Construction of Large, Welded,
Low-Pressure Storage Tanks

 

 (ANSI/API
620)

RP 651

 

Cathodic Protection of Aboveground Petro-
leum Storage Tanks

 

 (ANSI/API 651)

RP 652

 

Lining of Aboveground Petroleum Storage
Tank Bottoms

 

 (ANSI/API 652)

Std 2000

 

Venting Atmospheric and Low-Pressure Stor-
age Tanks (Nonrefrigerated and Refrigerated)

 

RP 2003

 

Protection Against Ignitions Arising Out of
Static, Lightning, and Stray Currents

 

AA

 

1

 

Aluminum Design Manual

Aluminum Standards and Data

SpeciÞcations for Aluminum Sheet Metal Work in Building
Construction

 

ACI

 

2

 

318

 

Building Code Requirements for Reinforced
Concrete

 

 (ANSI/ACI 318)

350

 

Environmental Engineering Concrete Structures

 

AISC

 

3

 

Manual of Steel Construction, Allowable Stress Design

 

AISI

 

4

 

E-1

 

Steel Plate Engineering Data Series: Useful
InformationÑDesign of Plate Structures,

 

Volume II

ASCE

 

5

 

ASCE Std. 7-93

 

Minimum Design Loads for Buildings
and other Structures

 

ASME

 

6

 

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 NPS 60

 

 (ANSI/ASME B16.47)

B96.1

 

Welded Aluminum-Alloy Storage Tanks

 

(ANSI/ASME B96.1)

 

Boiler & Pressure Vessel Code, 

 

Section V, ÒNondestructive
ExaminationÓ; Section VIII, ÒPressure
Vessels,Ó Division 1; and Section IX,
ÒWelding and Brazing QualiÞcationsÓ

ASNT

 

7

 

Recommended Practice No. SNT-TC-1A

ASTM

 

8

 

A 6M/A 6

 

General Requirements for Rolled Steel
Plates, Shapes, Sheet Piling, and Bars for
Structural Use

 

A 20M/A 20

 

General Requirements for Steel Plates
for Pressure Vessels

 

A 27M/A 27

 

Steel Castings, Carbon, for General
Application

 

A 36M/A 36

 

Structural Steel

 

A 53

 

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

 

A 105M/A 105

 

Forgings, Carbon Steel, for Piping
Components

 

A 106

 

Seamless Carbon Steel Pipe for High-
Temperature Service

 

A 131M/A 131

 

Structural Steel for Ships

 

A 181M/A 181

 

Forgings, Carbon Steel, for General-Pur-
pose Piping

 

A 182M/A 182

 

Forged or Rolled Alloy-Steel Pipe
Flanges, Forged Fittings, and Valves and
Parts for High-Temperature Service

 

1

 

The Aluminum Association Inc., 900 19th Street, N.W., Washing-
ton, D.C. 20006.

 

2

 

American Concrete Institute, P.O. Box 19150, Detroit, Michigan
48219-0150.

 

3

 

American Institute of Steel Construction, One East Wacker Drive,
Suite 3100, Chicago, Illinois 60601-2001.

 

4

 

American Iron and Steel Institute, 1101 17th Street, N.W.,
Suite 1300, Washington, D.C. 20036-4700.

 

5

 

American Society of Civil Engineers, 1801 Alexander Bell Drive,
Reston, VA 20191-4400.

00

00

 

6

 

American Society of Mechanical Engineers, 3 Park Avenue, New
York, New York 10016-5990.

 

7

 

American Society for Nondestructive Testing, 1711 Arlingate Lane,
Columbus, Ohio 43228-0518.

 

8

 

ASTM, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania
19428-2959.
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A 193M/A 193

 

Alloy-Steel and Stainless Steel 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-
Steel Boiler, Superheater, and Heat-
Exchanger Tubes

 

A 216M/A 216

 

Standard SpeciÞcations for Steel Cast-
ings for High-Temperature Service

 

A 234M/A 234

 

Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Moderate and High-
Temperature Service

 

A 240M/A 240

 

Heat-Resisting Chromium and Chro-
mium-Nickel Stainless Steel Plate, Sheet,
and Strip for Pressure Vessels

 

A 276

 

Stainless Steel Bars and Shapes

 

A 283M/A 283

 

Low and Intermediate Tensile Strength
Carbon Steel Plates

 

A 285M/A 285

 

Pressure Vessel Plates, Carbon Steel,
Low- and Intermediate-Tensile Strength

 

A 307

 

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

 

A 312M/A 312

 

Seamless and Welded Austenitic Stainless
Steel Pipes

 

A 320M/A 320

 

Alloy Steel Bolting Materials for Low-
Temperature Service

 

A 333M/A 333

 

Seamless and Welded Steel Pipe for Low-
Temperature Service

 

A 334M/A 334

 

Seamless and Welded Carbon and Alloy-
Steel Tubes for Low-Temperature Service

 

A 350M/A 350

 

Forgings, Carbon and Low-Alloy Steel,
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 Steel Pipe for High-
Temperature Service

 

A 370

 

Test Methods and DeÞnitions for
Mechanical Testing of Steel Products

 

A 380

 

Cleaning, Descaling, and Passivation of
Stainless Steel 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

 

Stainless Steel Bars and Shapes for Use
in Boilers and Other Pressure Vessels

 

A 480M/A 480 

 

Flat-Rolled Stainless and Heat-Resisting
Steel Plate, Sheet, and Strip

 

A 516M/A 516

 

Pressure Vessel Plates, Carbon Steel, for
Moderate- and Lower-Temperature Service

 

A 524

 

Seamless Carbon Steel Pipe for Atmo-
spheric and Lower Temperatures

 

A 537M/A 537

 

Pressure Vessel Plates, Heat-Treated,
Carbon-Manganese-Silicon Steel

 

A 570M/A 570 Hot-Rolled Carbon Steel Sheet and Strip,
Structural Quality

A 573M/A 573 Structural Carbon Steel Plates of
Improved Toughness

A 633M/A 633 Normalized High-Strength Low-Alloy
Structural Steel

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

A 671 Electric-Fusion-Welded Steel Pipe for
Atmospheric and Lower Temperatures

A 678M/A 678 Quenched and Tempered Carbon-Steel
and High-Strength Low-Alloy Steel
Plates for Structural Applications

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

A 841M/A 841 Standard SpeciÞcation for Steel Plates
for Pressure Vessels, Produced by the
Thermo-Mechanical Control Process
(TMCP)

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

C 273 Method for Shear Test in Flatwise Plane
of Flat Sandwich Constructions or Sand-
wich Cores

C 509 Cellular Elastomeric Preformed Gasket
and Sealing Material

D 1621 Test Method for Compressive Properties
of Rigid Cellular Plastics

D 1622 Test Method for Apparent Density of
Rigid Cellular Plastics (ANSI/ASTM
D1622)

D 2341 Rigid Urethane Foam
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D 2856 Test Method for Open Cell Content of
Rigid Cellular Plastics by the Air Pyc-
nometer (ANSI/ASTM D2856)

D 3453 Flexible Cellular MaterialsÑUrethane
for Furniture and Automotive Cushion-
ing, Bedding, and Similar Applications

E 84 Test Method for Surface Burning Charac-
teristics of Building Materials

E 96 Test Methods for Water Vapor Transmis-
sion of Materials

AWS9

A5.1 SpeciÞcation for Carbon Steel Covered
Arc-Welding Electrodes (ANSI/AWS
A5.1)

A5.5 SpeciÞcation for Low-Alloy Steel Covered
Arc-Welding Electrodes (ANSI/AWS
A5.5)

D1.2 Structural Welding CodeÑAluminum
(ANSI/AWS D1.2)

CSA10

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

Federal SpeciÞcations11

TT-S-00230C Sealing Compound Elastomeric Type, Sin-
gle Component for Caulking, Sealing, and
Glazing in Buildings and Other Structures

ZZ-R-765C Rubber, Silicone (General SpeciÞcation)

ISO12

630 Structural Steels

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

10Canadian Standards Association, 178 Rexdale Boulevard,
Rexdale, Ontario M9W 1R3.
11SpeciÞcations Unit (WFSIS), 7th and D Streets, N.W., Washing-
ton, D.C. 20407.
12International Organization for Standardization. ISO publications
can be obtained from the American National Standards Institute
(ANSI) and national standards organizations such as the British
Standards Institute (BSI), Japanese Industrial Standards (JIS), and
Deutsches Institut fuer Normung [German Institute for Standardiza-
tion (DIN)].
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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 speciÞcations listed in this section, subject to the
modiÞcations and limitations indicated in this standard.
Material produced to speciÞcations other than those listed in
this section may be employed, provided that the material is
certiÞed to meet all of the requirements of a material speciÞ-
cation listed in this standard and the materialÕs use is
approved by the purchaser. The manufacturerÕs proposal shall
identify the material speciÞcations to be used.

 

2.1.2

 

When any new or unused plate and pipe material can-
not be completely identiÞed by records that are satisfactory to
the purchaser as material conforming to a speciÞcation 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 a tank is designed to the requirements of this
standard using plate material from Group-I through
Group-IIIA steels, the tank manufacturer responsible for
any proposed material substitution to use Group-IV
through Group-VI steels must:

a. Maintain all of the original design criteria for the lower
stress Group-I through Group IIIA steels.
b. Obtain the prior written approval of the purchaser.
c. Ensure that all of the design, fabrication, erection and
inspection requirements for the material being substituted
will meet the lower stress Group-I through Group IIIA speci-
Þcations for items including 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 stress relief.
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 certiÞcation statement that
the substituted material fully complies with 2.1.3 in all
respects, and provide all other records covered by the work
processes applied to the material such as impact testing, weld
procedures, nondestructive examinations, and heat
treatments.

 

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 speciÞcations listed in 2.2.2

through 2.2.5, subject to the modiÞcations and limitations in
this standard. 

 

2.2.1.2

 

Plate for shells, roofs, and bottoms may be ordered
on an edge-thickness basis or on a weight [kg/m

 

2

 

 (lb/ft

 

2

 

)]
basis, as speciÞed 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

 

The weight ordered shall 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-
ness is 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 speciÞed mechanical properties in the
required plate thicknesses are achieved. Copper-bearing steel
shall be used if speciÞed 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 speciÞcation. Plates used as inserts or
ßanges may be thicker than 45 mm (1.75 in.). Plates thicker
than 40 mm (1.5 in.) shall be normalized or quench tempered,
killed, made to Þne-grain practice, and impact tested.

 

2.2.2 ASTM Specifications

 

Plates that conform to the following ASTM speciÞcations
are acceptable as long as the plates are within the stated limi-
tations:

a. ASTM A 36M/A 36 for plates to a maximum thickness of
40 mm (1.5 in.). None of the speciÞcations 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 expressly stated in this standard that the
speciÞcations are acceptable.
b. ASTM A 131M/A 131, Grade A, for plates to a maximum
thickness of 12.5 mm (0.5 in.); Grade B for plates to a maxi-
mum thickness of 25 mm (1 in.); Grade CS for plates to a
maximum thickness of 40 mm (1.5 in.) [insert plates and
ßanges to a maximum thickness of 50 mm (2 in.)]; and
Grade EH36 for plates to a maximum thickness of 45 mm
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(1.75 in.) [insert plates and ßanges to a maximum thickness
of 50 mm (2 in.)].

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

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

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 (1.5 in.) [insert plates and ßanges to
a maximum thickness of 100 mm (4 in.)].

f. ASTM A 537M/A 537, Class 1 and Class 2, for plates to a
maximum thickness of 45 mm (1.75 in.) [insert plates to a
maximum thickness of 100 mm (4 inches)].

g. ASTM A 573M Grades 400, 450, 485/A 573, Grades 58,
65, and 70, for plates to a maximum thickness of 40 mm
(1.5 in.).
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 (4.0 in.)].
i. ASTM A 662M/A 662, Grades B and C, for plates to a
maximum thickness of 40 mm (1.5 in.).
j. ASTM A 678M/A 678, Grade A, for plates to 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.

 

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

See Note 2

Group I
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Group III

Group IV

Group IIIA

See Note 1

Group IVA

Group IIA

Thickness, including corrosion allowance

6mm 12.5 19 25 32 38
0.25in. 0.50 0.75 1.00 1.25 1.50

Notes:
1. The Group II and Group V lines coincide at thicknesses less than 12.5 mm (1/2 in.).
2. The Group III and Group IIIA lines coincide at thicknesses less than 12.5 mm (1/2 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).
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k. ASTM A 737M/A 737, Grade B, for plates to a maximum
thickness of 40 mm (1.5 in.).

l. 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 (2.5 in.)].

 

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 SpeciÞ-
cation G40.21 are also acceptable.

a. The W grades may be semikilled or fully killed.

b. Fully killed steel made to Þne-grain practice must be spec-
iÞed when required.

c. Elements added for grain reÞning 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 speciÞed 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 Þne-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 Þne-
grain practice.

 

2.2.4  ISO Specifications

 

Plate furnished to ISO 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% (heat).

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 (2 in.)].

 

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 are acceptable when approved by the pur-
chaser. The requirements of this group do not apply to the
ASTM, CSA, and ISO speciÞcations listed in 2.2.2, 2.2.3,
and 2.2.4. For the purposes of this standard, a 

 

national stan-
dard

 

 is a standard that has been sanctioned by the government
of the country from which the standard originates. 

 

2.2.6 General Requirements for Delivery

2.2.6.1

 

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

 

2.2.6.2

 

This material is intended 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 speciÞed by the plate purchaser, the steel
shall be fully killed. When speciÞed by the plate purchaser,
fully killed steel shall be made to Þne-grain practice.

 

2.2.6.4

 

For plate that is to be made to speciÞcations that
limit 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 required strength level, provided that the maximum car-
bon content is reduced to 0.20% (heat) and the weldability of

98
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Table 2-1—Maximum Permissible Alloy Content

 

Alloy
Heat Analysis 

(percent) Notes

Columbium 0.05 1, 2, 3

Vanadium 0.10 1, 2, 4

Columbium (

 

≤

 

 0.05%) plus 
vanadium

0.10 1, 2, 3

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 speciÞcation, 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 
more restrictive limitations are included in the material speciÞcation, 
those shall govern.
2. On product analysis, the material shall conform to these require-
ments, subject to the product analysis tolerances of the speciÞcation.
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 
shall be 4:1.
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the plate is given consideration. The material shall be marked
ÒModÓ following the speciÞcation 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 2-1 for all Group VI materials
(see Table 2-3) and ISO 630, Grade Fe 510.

 

2.2.7 Heat Treatment of Plates

2.2.7.1

 

When speciÞed by the plate purchaser, fully killed
plates shall be heat treated to produce grain reÞnement 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 signiÞ-
cantly exceed the normalizing temperature. If the treatment of
the plates is not speciÞed to be done at the plate producerÕs
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 purchaserÕs order. If the heat-treatment temper-
atures are not indicated on the purchase order, the specimens
shall be heat treated under conditions considered appropriate
for grain reÞnement 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 heat treatment of the plates.

 

2.2.7.4

 

Subject to the purchaserÕs approval, controlled-
rolled plates (plates produced by a mechanical-thermal roll-
ing process designed to enhance notch toughness) may be
used where normalized plates are required. Each controlled-
rolled plate shall 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 tensile tests shall be performed on each plate
as heat treated.

 

2.2.8 Impact Testing of Plates

2.2.8.1

 

When required by the purchaser or by 2.2.7.4 and
2.2.9, a set of Charpy V-notch impact specimens shall be
taken from plates after heat treatment (if the plates have been
heat treated), and the specimens shall fulÞll 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

 

An impact 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 speciÞed minimum value)
shall comply with the speciÞed minimum value. If more than
one value is less than the speciÞed minimum value, or if one
value is less than two-thirds the speciÞed minimum value,

 

Table 2-2—Acceptable Grades of Plate Material Produced to National Standards (See 2.2.5)

 

Mechanical Properties Chemical Composition

Tensile Strength

 

a

 

Minimum 
Yield

Strength

 

c

 

Maximum 
Thickness

Maximum
Percent
Carbon

Maximum 
Percent 

Phosphorus and 
SulfurMinimum

 

c

 

Maximum

Grade

 

b

 

MPa ksi MPa ksi MPa ksi mm in. Heat Product Heat Product

235

 

d

 

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 1.5 0.23 0.27 0.04 0.05
275 430 62 560 81 275 40 40 1.5 0.25 0.29 0.04 0.05

 

a

 

The location and number of test specimens, elongation and bend tests, and acceptance criteria are to be in accordance with the 
appropriate national standard, ISO standard, or ASTM speciÞcation.

 

b

 

Semikilled or fully killed quality; as rolled, controlled-rolled or TMCP [20 mm (0.75 in.) maximum when controlled-rolled steel 
or TMCP is used in place of normalized steel], or normalized. 

 

c

 

Yield strength Ö tensile strength 

 

≤

 

 0.75, based on the minimum speciÞed yield and tensile strength unless actual test values are 
required by the purchaser. 

 

d

 

Nonrimming only.
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three additional specimens shall be tested, and each of these
must have a value greater than or equal to the speciÞed mini-
mum value.

 

2.2.8.4

 

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

 

2.2.8.5

 

For a plate whose thickness is insufÞcient to permit
preparation of full-size specimens (10 mm 

 

×

 

 10 mm), tests
shall be made on the largest subsize specimens that can be
prepared from the plate. Subsize specimens shall 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 calibration 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 ISO standards.

 

2.2.9 Toughness Requirements

2.2.9.1

 

The thickness and design metal 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 ßanges, blind ßanges, and man-
hole cover plates shall be in accordance with Figure 2-1.
Notch toughness evaluation of plate-ring ßanges, blind
ßanges, and manhole cover plates shall be based on Ògovern-
ing thicknessÓ as deÞned in 2.5.5.3. In addition, plates more
than 40 mm (1.5 in.) thick shall be of killed steel made to Þne-
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 metal temperatures lower than
the minimum temperatures indicated in Figure 2-1.

 

2.2.9.2

 

Plates less than or equal 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 speciÞed 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 speciÞed.

 

2.2.9.3

 

Unless experience or special local conditions jus-
tify another assumption, the design metal temperature shall

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 as the shell plate to which
they are attached or shall be of any appropriate material listed
in Table 2-3 and 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 (see 2.2.9.1 and 3.7.2.2, Item e).  

 

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 special toughness. 

 

2.2.10 Toughness Procedure

2.2.10.1

 

When a materialÕs 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 speciÞed in 2.2.9.

 

2.2.10.2

 

Each plate as rolled 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 fulÞll the minimum requirements of Table
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

 

The thickest plate from each heat shall be impact
tested in accordance with 2.2.8 and shall fulÞll 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 data for 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 Þxed and ßoating roofs shall conform to ASTM
A 570M/A 570, Grade 33. They shall be made by the open-
hearth or basic oxygen process. Copper-bearing steel shall be
used if speciÞed 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.

●

●

●



 

2-6 API  S

 

TANDARD

 

 650

 

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

 

Group I
As Rolled,
Semikilled

Group II
As Rolled,

Killed or Semikilled

Group III
As Rolled, Killed

Fine-Grain Practice

Group IIIA
Normalized, Killed
Fine-Grain Practice

Material Notes Material Notes Material Notes Material Notes

A 283M C 2 A 131M B 7 A 573M-400 A 131M CS

A 285M C 2 A 36M 2, 6 A 516M-380 A 573M-400 10

A 131M 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

Grade 235 3, 5 Grade 250 5, 9 G40.21M-260W 9, 10

Grade 250 6 Grade 250 5, 9, 10

Group IV
As Rolled, Killed

Fine-Grain Practice

Group IVA
As Rolled, Killed

Fine-Grain Practice

Group V
Normalized, Killed
Fine-Grain Practice

Group VI
Normalized or 

Quenched and Tempered, 
Killed 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 9, 11 A 516M-485 10 A 633M D

A 516M-485 G40.21M-350W 9, 11 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 9 A 678M A

G40.21M-350W 9 A 678M B 13

E 275

 

 

 

4, 9 A 737M B

E 355 9 A 841 12, 13

Grade 275 5, 9

 

Notes:
1. Most of the listed material speciÞcation numbers refer to ASTM speciÞcations (including Grade or Class); there are, how

 

-

 

ever, some exceptions: G40.21M (including Grade) is a CSA speciÞcation; Grades E 275 and E 355 (including Quality) are 
contained in ISO 630; and Grade 37, Grade 41, and Grade 44 are related to national standards (see 2.2.5).

2. Must be semikilled or killed.
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 0.80Ð1.2% by heat analysis for thicknesses greater than 20 mm, except that for each reduction 

of 0.01% below the speciÞed carbon maximum, an increase of 0.06% manganese above the speciÞed maximum will be per-
mitted up to the maximum of 1.35%. Thicknesses 

 

≤

 

 20 mm shall have a manganese content of 0.8Ð1.2% by heat analysis.
7. Thickness 

 

≤

 

 25 mm.
8. Must be killed.
9. Must be killed and made to Þne-grain practice.
10.Must be normalized.
11.Must have chemistry (heat) modiÞed to a maximum carbon content of 0.20% and a maximum manganese content of 1.60% 

(see 2.2.6.4).
12.Produced by the thermo-mechanical control process (TMCP).
13.See 3.7.4.6 for tests on simulated test coupons for material used in stress-relieved assemblies.
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Table 2-3b—Material Groups, US Customary Units (See Figure 2-1 and Note 1 Below)

 

Group I
As Rolled,
Semikilled

Group II
As Rolled,

Killed or Semikilled

Group III
As Rolled, Killed

Fine-Grain Practice

Group IIIA
Normalized, Killed
Fine-Grain Practice

Material Notes Material Notes Material Notes Material Notes

A 283 C 2 A 131 B 7 A 573-58 A 131 CS

A 285 C 2 A 36 2, 6 A 516-55 A 573-58 10

A 131 A 2 G40.21M-260W A 516-60 A 516-55 10

A 36 2, 3 Grade 250 5, 8 G40.21M-260W 9 A 516-60 10

Grade 235 3, 5 Grade 250 5, 9 G40.21M-260W 9, 10

Grade 250 6 Grade 250 5, 9, 10

Group IV
As Rolled, Killed

Fine-Grain Practice

Group IVA
As Rolled, Killed

Fine-Grain Practice

Group V
Normalized, Killed
Fine-Grain Practice

Group VI
Normalized or 

Quenched and Tempered, 
Killed Fine-Grain Practice

Reduced Carbon

Material Notes Material Notes Material Notes Material Notes

A 573-65 A 662 C A 573-70 10 A 131 EH 36

A 573-70 A 573-70 11 A 516-65 10 A 633 C

A 516-65 G40.21M-300W 9, 11 A 516-70 10 A 633 D

A 516-70 G40.21M-350W 9, 11 G40.21M-300W 9, 10 A 537 Class 1

A 662 B G40.21M-350W 9, 10 A 537 Class 2 13

G40.21M-300W 9 A 678 A

G40.21M-350W 9 A 678 B 13

E 275 4, 9 A 737 B

E 355 9 A 841 12, 13

Grade 275 5, 9

 

Notes:
1. Most of the listed material speciÞcation numbers refer to ASTM speciÞcations (including Grade or Class); there are, how-

ever, some exceptions: G40.21M (including Grade) is a CSA speciÞcation; Grades E 275 and E 355 (including Quality) are 
contained in ISO 630; and Grade 37, Grade 41, and Grade 44 are related to national standards (see 2.2.5).

2. Must be semikilled or killed.
3. Thickness 

 

≤

 

 0.75 in.
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 0.80Ð1.2% by heat analysis for thicknesses greater than 0.75 inch, except that for each reduction 

of 0.01% below the speciÞed carbon maximum, an increase of 0.06% manganese above the speciÞed maximum will be per-
mitted up to the maximum of 1.35%. Thicknesses 

 

≤

 

 0.75 in. shall have a manganese content of 0.8Ð1.2% by heat analysis.
7. Thickness 

 

≤

 

 1 inch.
8. Must be killed.
9. Must be killed and made to Þne-grain practice.
10.Must be normalized.
11.Must have chemistry (heat) modiÞed to a maximum carbon content of 0.20% and a maximum manganese content of 1.60% 

(see 2.2.6.4).
12.Produced by the thermo-mechanical control process (TMCP).
13.See 3.7.4.6 for tests on simulated test coupons for material used in stress-relieved assemblies.
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b. For annular plates with a nominal thickness greater than
12.5 mm (

 

1

 

/

 

2

 

 in.), the attachment welds shall be sized so that
either the legs of the Þllet welds or the groove depth plus the
leg of the Þllet 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 Þllet welds for shell material in Groups
IV, IVA, V, or VI shall 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 all horizontal top-side
joints and for all vertical joints. Horizontal bottom-side joints
shall be seal-welded if speciÞed by the purchaser. Seal-weld-
ing should be considered to minimize the potential for
entrapped moisture, which may cause corrosion.

 

3.1.5.9 Roof and Top-Angle Joints

 

a. Roof plates shall, as a minimum, be welded on the top side
with a continuous full-Þllet 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 Þllet weld on the top side only, as speciÞed
in 3.10.2.5.

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

 

Figure 3-3A—Typical Roof and Bottom Joints
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ROOF-PLATE JOINT

ROOF-TO-SHELL JOINTS

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

BOTTOM-TO-SHELL JOINT

BOTTOM-PLATE JOINTS

Single-welded
full-fillet lap joint

Single-welded butt joint
with backing strip

Optional 
V groove

InsideBottom or annular
bottom plate

12t

1.75t  ≤ R ≤ 3t 

Inside of shell
t

t

Optional
outside angle

Inside

Tack weld

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, Item f.

 

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

Shell plate

Bottom plate
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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 ßanged horizontally to rest ßat against the
top angle to improve welding conditions.

e. Except as speciÞed 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
ßanged 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 a diameter less than or equal to
11 m (35 ft), 51 

 

×

 

 51 

 

×

 

 4.8 mm (2 

 

×

 

 2 

 

×

 

 

 

3

 

/

 

16

 

 in.); for tanks
with a diameter greater than 11 m (35 ft) but less than or
equal to 18 m (60 ft), 51 

 

×

 

 51 

 

×

 

 6.4 mm (2 

 

×

 

 2 

 

×

 

 

 

1

 

/

 

4

 

 in.); and
for tanks with a diameter greater than 18 m (60 ft), 76 

 

×

 

 76 

 

×

 

9.5 mm (3 

 

×

 

 3 

 

×

 

 

 

3

 

/

 

8

 

 in.). At the purchaserÕs option, the out-
standing leg of the top angle may extend inside or outside the
tank shell.

f. For tanks with a diameter 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 ßanged in lieu of installing a top angle. The
bend radius and the width of the ßanged edge shall conform
to the details of Figure 3-3A. 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 fulÞlls
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 ßanged roof-to-shell detail.

 

3.2 DESIGN CONSIDERATIONS

3.2.1 Design Factors

 

The purchaser shall state the design metal temperature
(based on ambient temperatures), the design speciÞc 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 special 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 partial internal vacuum; however, tanks that
meet the minimum requirements of this standard may be sub-
jected to a partial vacuum of 0.25 kPa (1 in. of water) of water
pressure.

 

Figure 3-3C—Detail of Double Fillet-Groove Weld for Annular Bottom Plates With a Nominal Thickness 
Greater Than 13 mm (

 

1

 

/

 

2

 

 in.) (See 3.1.5.7, Item b)
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Shell plate

6 mm (1/4 in.) minimum
13 mm (1/2 in.) maximum

Annular bottom plate

A = B for
up to 25 mm
(1 in.) annular
plate

A + B minimum

B
A:

A

B
B

A

45° minimum

Notes:
1.       A = Fillet weld size limited to 13 mm (1/2 in.) maximum.
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).
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3.2.5 Tank Capacity

3.2.5.1

 

The purchaser shall specify the maximum capacity
and the overÞll protection level (or volume) requirement (see
API Standard 2350).

 

3.2.5.2

 

Maximum capacity is the volume of product in a
tank when the tank is Þlled to its design liquid level as deÞned
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 equal to the maximum capacity (3.2.5.2)
less the minimum operating volume remaining in the tank,
less the overÞll protection level (or volume) requirement (see
Appendix L).

 

3.3 SPECIAL CONSIDERATIONS

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.

 

3.3.2 Corrosion Allowances

 

When necessary, the purchaser, after giving consideration
to the total effect of the liquid stored, the vapor above the liq-
uid, and the atmospheric environment, shall specify the corro-
sion allowance to be provided for each shell course, for the
bottom, for the roof, for nozzles and manholes, and for struc-
tural members.

 

3.3.3 Service Conditions

 

When the service conditions might include the presence of
hydrogen sulÞde 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 metal 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 sulÞde 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.

 

3.3.4 Weld Hardness

 

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

a. The welding-procedure qualiÞcation 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
speciÞed, 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 shall have a minimum nominal
thickness of 6 mm (

 

1

 

/

 

4

 

 in.) [70 kPa (10.2 lbf/in.

 

2

 

) (see
2.2.1.2)], exclusive of any corrosion allowance speciÞed by
the purchaser for the bottom plates. Unless otherwise agreed
to by the purchaser, all 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 (72 in.).

 

3.4.2

 

Bottom plates of sufÞcient size shall be ordered so
that, when trimmed, at least a 25 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
3.1.5.4 or 3.1.5.5.

 

3.5 ANNULAR BOTTOM PLATES

3.5.1

 

When the bottom shell course is designed using the
allowable stress for materials in Group IV, IVA, V, or VI, butt-
welded annular bottom plates shall be used (see 3.1.5.6).
When the bottom shell course is of a material in Group IV,
IVA, V, or VI and the maximum product stress (see 3.6.2.1)
for the Þrst shell course is less than or equal to 160 MPa
(23,200 lbf/in.

 

2

 

) or the maximum hydrostatic test stress (see
3.6.2.2) for the Þrst shell course is less than or equal to 172
MPa (24,900 lbf/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 radial 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 radial width of annular plate is required when calcu-
lated as follows:
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In SI units:

where

 

t

 

b

 

= thickness of the annular plate (see 3.5.3), in mm,

 

H

 

= maximum design liquid level (see 3.6.3.2), in m,

 

G

 

= design speciÞc gravity of the liquid to be stored.

In US Customary units:

where

 

t

 

b

 

= thickness of the annular plate (see 3.5.3), (in.),

 

H

 

= maximum design liquid level (see 3.6.3.2), (ft),

 

G

 

= design speciÞc 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-
Þed corrosion allowance.

 

3.5.4

 

The ring 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 equal to the
number of annular plates. These pieces shall be welded in
accordance with 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 speciÞed 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 allowance,
or the hydrostatic test shell thickness, but the shell thickness
shall not be less than the following: 

 

3.6.1.2

 

Unless otherwise agreed to by the purchaser, the
shell plates shall have a minimum nominal width of 1800 mm
(72 in.). Plates that are to be butt-welded shall be properly
squared.

 

3.6.1.3

 

The design shell thickness shall be computed on
the basis that the tank is Þlled to a level 

 

H

 

 (see 3.6.3.2) with a
liquid that has a speciÞc gravity speciÞed by the purchaser.

 

3.6.1.4

 

The hydrostatic test shell thickness shall be com-
puted on the basis that the tank is Þlled to a level 

 

H

 

 (see
3.6.3.2) with water.

 

3.6.1.5

 

The calculated 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

 

The tank shell shall be checked for stability against
buckling from the design wind velocity, as speciÞed 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 speciÞed, the

 

Nominal Tank Diameter
(See Note 1)

Nominal Plate Thickness
(See Note 2)

 (m) (ft) (mm) (in.)
< 15 < 50 5

 

3

 

/

 

16

 

15 to < 36 50 to < 120 6

 

1

 

/

 

4

 

36 to 60 120 to 200 8

 

5

 

/

 

16

 

> 60 > 200 10

 

3

 

/

 

8

 

Notes:
1. Unless otherwise speciÞed by the purchaser, the nominal 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 speciÞed are based on erection requirements.
3. When speciÞed by the purchaser, plate with a minimum nominal
thickness of 6 millimeters may be substituted for 

 

1

 

/

 

4

 

-inch plate.

215tb

HG( )0.5
------------------

390tb

HG( )0.5
------------------
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Table 3-1—Annular Bottom-Plate Thicknesses

 

SI Units

Nominal Plate 
Thickness

 

a

 

 of First 
Shell Course

(mm)

Hydrostatic Test Stress

 

b

 

 in First Shell Course
(MPa)

 

≤

 

 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

38 < t ≤ 45 9 13 16 19

US Customary

Nominal Plate 
Thicknessa of First 

Shell Course
(in.)

Hydrostatic Test Stressc in First Shell Course
(lbf/in2)

≤ 27,000 ≤ 30,000 ≤ 33,000 ≤ 36,000

t ≤ 0.75 1/4 1/4 9/32
11/32

0.75 < t ≤ 1.00 1/4 9/32
3/8 7/16

1.00 < t ≤ 1.25 1/4 11/32
15/32

9/16

1.25 < t ≤ 1.50 5/16
7/16

9/16
11/16

1.50 < t ≤ 1.75 11/32
1/2 5/8 3/4

aNominal plate thickness refers to the tank shell as constructed.
bHydrostatic test stresses are calculated from [4.9D(H Ð 0.3)]/t 
(see 3.6.3.2).
cHydrostatic test stresses are calculated from [2.6 D(H Ð 1]/t 
(see 3.6.3.2).

Note: The thicknesses speciÞed in the table, as well as the width
speciÞed 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 additional stresses in the
annular plate.

●
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maximum allowable wind velocity 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:

a. The required shell thicknesses for both the design condi-
tion (including corrosion allowance) and the hydrostatic test
condition.
b. The nominal thickness used.
c. The material speciÞcation.
d. The allowable stresses.

3.6.1.8 Isolated radial loads on the tank shell, such as those
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, Sd,
shall be as shown in Table 3-2. The net plate thicknessesÑthe
actual thicknesses less any corrosion allowanceÑshall be
used in the calculation. The design stress basis, Sd, shall be
either two-thirds the yield strength or two-Þfths the tensile
strength, whichever is less.

3.6.2.2 The maximum allowable hydrostatic test stress, St,
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 is less.

3.6.2.3 Appendix A permits an alternative shell design
with a Þxed allowable stress of 145 MPa (21,000 lbf/in.2) and
a joint efÞciency factor of 0.85 or 0.70. This design may only
be used for tanks with shell thicknesses less than or equal to
12.5 mm (1/2 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 calculates 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 SI units:

where

td = design shell thickness, in mm,

tt = hydrostatic test shell thickness, in mm,

D = nominal tank diameter, in m (see 3.6.1.1, Note 1),

H = design liquid 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 overßow that 
limits the tank Þlling height; or to any other level 
speciÞed by the purchaser, restricted by an inter-
nal ßoating roof, or controlled to allow for seis-
mic wave action,

G = design speciÞc gravity of the liquid to be stored, 
as speciÞed by the purchaser,

CA = corrosion allowance, in mm, as speciÞed by the 
purchaser (see 3.3.2),

Sd = allowable stress for the design condition, in MPa 
(see 3.6.2.1),

St = allowable stress for the hydrostatic test condition, 
in MPa (see 3.6.2.2). 

In US Customary units:

where

td = design shell thickness (in.),

tt = hydrostatic test shell thickness (in.),

D = nominal tank diameter, in ft (see 3.6.1.1, Note 1),
H = design liquid 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 overßow that 
limits the tank Þlling height; or to any other level 
speciÞed by the purchaser, restricted by an inter-
nal ßoating roof, or controlled to allow for seis-
mic wave action,

G = design speciÞc gravity of the liquid to be stored, 
as speciÞed by the purchaser,

CA = corrosion allowance, (in.), as speciÞed by the pur-
chaser (see 3.3.2),

Sd = allowable stress for the design condition, (lbf/in.2) 
(see 3.6.2.1),

St = allowable stress for the hydrostatic test condition, 

(lbf/in.2) (see 3.6.2.2).
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Table 3-2—Permissible Plate Materials and Allowable Stresses

Plate
SpeciÞcation Grade

Minimum
Yield Strength 

MPa (psi)

Minimum
Tensile Strength

MPa (psi)

Product
Design Stress Sd

MPa (psi)

Hydrostatic
Test Stress St

MPa (psi)

ASTM SpeciÞcations

A 283M C 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)

A 285M C 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)

A 131M A, B, CS 235 (34,000) 400 (58,000) 157 (22,700) 171 (24,900)

A 36M Ñ 250 (36,000) 400 (58,000) 160 (23,200) 171 (24,900)

A 131M EH 36 360 (51,000) 490a (71,000a) 196 (28,400) 210 (30,400)

A 573M 400 220 (32,000) 400 (58,000) 147 (21,300) 165 (24,000)

A 573M 450 240 (35,000) 450 (65,000) 160 (23,300) 180 (26,300)

A 573M 485 290 (42,000) 485a (70,000a) 193 (28,000) 208 (30,000)

A 516M 380 205 (30,000) 380 (55,000) 137 (20,000) 154 (22,500)

A 516M 415 220 (32,000) 415 (60,000) 147 (21,300) 165 (24,000)

A 516M 450 240 (35,000) 450 (65,000) 160 (23,300) 180 (26,300)

A 516M 485 260 (38,000) 485 (70,000) 173 (25,300) 195 (28,500)

A 662M B 275 (40,000) 450 (65,000) 180 (26,000) 193 (27,900)

A 662M C 295 (43,000) 485a (70,000a) 194 (28,000) 208 (30,000)

A 537M 1 345 (50,000) 485a (70,000a) 194 (28,000) 208 (30,000)

A 537M 2 415 (60,000) 550a (80,000a) 220 (32,000) 236 (34,300)

A 633M C, D 345 (50,000) 485a (70,000a) 194 (28,000) 208 (30,000)

A 678M A 345 (50,000) 485a (70,000a) 194 (28,000) 208 (30,000)

A 678M B 415 (60,000) 550a (80,000a) 220 (32,000) 236 (34,300)

A 737M B 345 (50,000) 485a (70,000a) 194 (28,000) 208 (30,000)

A 841M Ñ 345 (50,000) 485a (70,000a) 194 (28,000) 208 (30,000)

CSA SpeciÞcations

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) 480a (69,600a) 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)

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)

ISO 630

E 275 C, D 265 (38,400) 425 (61,900) 170 (24,700) 182 (26,500)

E 355 C, D 345 (50,000) 490a (71,000a) 196 (28,400) 210 (30,400)

aBy agreement between the purchaser and the manufacturer, the tensile strength of these materials may be increased to 515 MPa (75,000 psi) 
minimum and 620 MPa (90,000 psi) maximum [and to 585 MPa (85,000 psi) minimum and 690 MPa (100,000 psi) maximum for ASTM A 
537M, Class 2, and A 678M, Grade B]. When this is done, the allowable 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
potential to permit construction of larger diameter tanks within the
maximum plate thickness limitation. For background information,
see L. P. Zick and R. V. McGrath, ÒDesign of Large Diameter Cylin-
drical Shells.Ó12

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 actual circumferential
shell stresses. This method may only be used when the pur-
chaser has not speciÞed that the 1-foot method be used and
when the following is true:

In SI units:

where

L = (500 Dt)0.5, in mm,
D = tank diameter, in m,
t = bottom-course shell thickness, in mm,

H = maximum design liquid level (see 3.6.3.2), in m.

In US Customary units:

where

L = (6 Dt)0.5, (in.),
D = 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 shall 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 allowance, 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
thickness is used for a shell 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 thickness is shown as the required design
thickness on the manufacturerÕs drawing (see 3.6.1.7).

3.6.4.3 To calculate the bottom-course thicknesses, prelim-
inary values tpd and tpt for the design and hydrostatic test con-
ditions shall Þrst be calculated from the formulas in 3.6.3.2.

3.6.4.4 The bottom-course thicknesses t1d and t1t for the
design and hydrostatic test conditions shall be calculated
using the following formulas:

In SI units:

In US Customary units:

Note: For the design condition, t1d need not be greater than tpd.

In SI units:

In US Customary units:

Note: For the hydrostatic test condition, t1t need not be greater
than tpt.

3.6.4.5 To calculate 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:

where

h1 = height of the bottom shell course, in mm (in.),

r = nominal 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 calculate t2 (design). The total 
thickness of the bottom shell course shall be 
used to calculate t2 (hydrostatic test).

If the value of the ratio is less than or equal to 1.375,

t2 = t1

If the value of the ratio is greater than or equal to 2.625,

t2 = t2a 

12L.P. Zick and R.V. McGrath, ÒDesign of Large Diameter Cylindri-
cal Shells,Ó ProceedingsÑDivision of ReÞning, American Petroleum
Institute, New York, 1968, Volume 48, pp. 1114Ð1140.
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If the value of the ratio is greater than 1.375 but less than
2.625,

where

t2 = minimum design thickness of the second shell course 
excluding any corrosion allowance, in mm (in.),

t2a = 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 t2 is based on the same allow-
able stress being used for the design of the bottom and sec-
ond courses. For tanks where the value of the ratio is greater
than or equal to 2.625, the allowable 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 calculate the upper-course thicknesses for both
the design condition and the hydrostatic test condition, a pre-
liminary value tu 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 SI units:

x1 = 0.61 (rtu)0.5 + 320 CH

x2 = 1000 CH

x3 = 1.22 (rtu)0.5

where

tu = thickness of the upper course at the girth joint, 
in mm,

C = [K0.5 (K Ð 1)]/(1 + K1.5),
K = tL / tu,
tL = thickness of the lower course at the girth joint, 

in mm,
H = design liquid level (see 3.6.3.2), in m.

In US Customary units:

x1 = 0.61 (rtu)0.5 + 3.84 CH

x2 = 12 CH

x3 = 1.22 (rtu)0.5

where

tu = thickness of the upper course at the girth joint, (in.),

C = [K0.5 (K Ð 1)]/(1 + K1.5),
K = tL / tu,
tL = thickness of the lower course at the girth joint, (in.),
H = design liquid level (see 3.6.3.2), (ft),

3.6.4.7 The minimum thickness tx for the upper shell
courses shall be calculated for both the design condition (tdx)
and the hydrostatic test condition (ttx) using the minimum
value of x obtained from 3.6.4.6:

In SI units:

In US Customary units:

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 tx as tu until there is lit-
tle difference between the calculated values of tx in succes-
sion (repeating the steps twice is normally sufÞcient).
Repeating the steps provides a more exact location of the
design point for the course under consideration and, conse-
quently, a more 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 Þrst 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 2, the selection of shell
thicknesses shall be based on an elastic analysis that shows
the calculated circumferential shell stresses to be below the
allowable stresses given in Table 3-2. The boundary condi-
tions for the analysis shall assume a fully plastic moment
caused by yielding of the plate beneath the shell and zero
radial 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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