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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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Standards Departmment [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 notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director, Standards Department, American Petroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005, standards@api.org. Requests for
permission to reproduce or translate 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 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. APl 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.

Copyright © 2001 American Petroleum Institute



FOREWORD

This standard is based on the accumulated knowledge and experience of purchasrlars and
manufacturers of welded steel oil storage tanks of various sizes and capacities for ijternal
pressures not more tha2pounds per square inch gauge. This standard is meant tofbe a
purchase specification to facilitate the manufacture and procurement of storage tanks ffor the
petroleum industry.

If the tanks are purchased in accordance with this standard, the purchaser is reqdired to
specify certain basic requirements. The purchaser may want to modify, delete, or {:prlify
sections of this standard, but reference to this standard shall not be made on the nanjeplates
of or on the manufacturer’s certification for tanks that do not fulfill the minimum reqyire-
ments of this standard or that exceed its limitations. It is strongly recommended thgt any
modifications, deletions, or amplifications be made by supplementing this standard father
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 specified by the purchaser or furnished by the manufacturer are acceptable whel mutu-
ally agreed upon by the purchaser and the manufacturer. This standard is not to bg inter-
preted as approving, recommending, or endorsing any specific design or as limitirlg 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 standlard is
specified for such tanks, it should be followed insofar as it does not conflict with fpcal
requirements.

After revisions to this standard have been issued, they may be applied to tanks thjat 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 degigned
and constructed.

Each edition, revision, or addenda to this API standard may be used beginning wifh the
date of issuance shown on the cover page for that edition, revision, or addenda. Each gdition,
revision, or addenda to this API standard becomes effective six months after the date ¢f issu-
ance for equipment that is certified as being rerated, reconstructed, relocated, repaireq, mod-
ified (altered), inspected, and tested per this standard. During the six-month time bdtween
the date of issuance of the edition, revision, or addenda and the effective date, the pufchaser
and manufacturer shall specify to which edition, revision, or addenda the equipment i to 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 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 conflict.

The purchaser shall specify whether tanks supplied to this standard will have Sl dimen-
sions and comply with applicable I1SO standards, or have U.S. Customary dimensions and
comply with applicable U.S. standards. Where conflicts arise between Sl and U.S. Custom-
ary units, the U.S. Customary units will govern.

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.




IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS
OR ALTERNATIVE MATERIALS

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

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

Consult the most recent edition of the Occupational Safety and Health Administration
(OSHA), U.S. Department of Labor, Occupational Safety and Health Standard for Asbestos,
Tremolite, Anthophyllite, and Actinolite, 2%ode of Federal Regulation§ection
1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for
Asbestos, 4@ode of Federal Regulatior8ections 61.140 through 61.156; and the U.S.
Environmental Protection Agency (EPA) rule on labeling requirements and phased banning
of asbestos products (Sections 763.160-179).

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

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.
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Welded Steel Tanks for Oil Storage

1 Scope corrosion allowance, and to the minimum design metal tgm-

peratures stated in the appendix.
1.1 GENERAL

) ) ) 116 Appendix B provides recommendations for tie
1.1.1 This standard covers material, design, fabrication, gesjgn and construction of foundations for flat-bottom il
erection, and testing requirements for vertical, cylindrical, storage tanks.

aboveground, closed- and open-top, welded steel storage

tanks in various sizes and capacities for internal pressured.1.7 Appendix C provides minimum requirements T

approximating atmospheric pressure (internal pressures nopan-type, pontoon-type, and double-deck-type external fl

exceeding the weight of the roof plates), but a higher internaling roofs.

pressure 1 permltted when adcjmonal requirements are m.e&.l.s Appendix D provides requirements for submission og

(see 1.1.10). This standard applies only to tanks whose ent|r<:f\ L : 0
. . . X echnical inquiries on this standard.

bottom is uniformly supported and to tanks in nonrefrigerated

service that have a maximum operating temperature of 90§C1.1.9 Appendix E provides minimum requirements fdr

(200°F) (see 1.1.17). tanks subject to seismic loading. An alternative or supale-

i i ) ) mental design may be mutually agreed upon by the mandfac-
1.1.2 This standard is designed to provide the petroleumturer and purchaser.

industry with tanks of adequate safety and reasonable econ-
omy for use in the storage of petroleum, petroleum products,1.1.10 Appendix F provides requirements for the designjof
and other liquid products commonly handled and stored bytanks subject to a small internal pressure.
the various branches of the industry. This standard does not . . . .
present or establish a fixed series of allowable tank sizes,l'l'11 Appendix G provides requirements for an optiorgl

instead, it is intended to permit the purchaser to select What-alumlnum dome roof.

ever size tank may best meet his needs. This standard ig.1.12 Appendix H provides minimum requirements thht
intended to help purchasers and manufacturers in orderingapply to an internal floating roof in a tank with a fixed rooffat
fabricating, and erecting tanks; it is not intended to prohibit the top of the tank shell. 08
purchasers and manufacturers from purchasing or fabricating

tanks that meet specifications other than those containec if-1.13 Appendix | provides acceptable construction detgils
this standard. that may be specified by the purchaser for design and gon-

struction of tank and foundation systems that provide I¢ak
Note: A bullet €) at the beginning of a paragraph indicates that there detection and subgrade protection in the event of tank bofom

is an expressed decision or action required of the purchaser. The p“ﬁeakage and provides for tanks supported by grillage.
chaser’s responsibility is not limited to these decisions or actions '

alone. When such decisions and actions are taken, they are to bg 1 14 Appendix J provides requirements covering the

specified in documents such as requisitions, change orders, datEOmpIete shop assembly of tanks that do not exceed 6 nf (20
sheets, and drawings. .
ft) in diameter.

1.1.3 The purchaser will specify whether tanks con-

structed to this standard shall have S| dimensions and com
ply with applicable Sl unit standards or have US Customary
dimensions and comply with applicable US Customary unit

standards. 1.1.16 Appendix L provides data sheets listing requirEI

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

1.1.4 The appendices of this standard provide a number of|nformat|on to be used by the purchaser in or.derlng a stoyage
#alnk and by the manufacturer upon completion of constiuc-

design options requiring decisions by the purchaser, standar L on of the tank.

requirements, recommendations, and information that supple-
ments the basic standard. An appendix becomes a requiret.1.17 Appendix M provides requirements for tanks spefi-
ment only when the purchaser specifies an option covered byied and designed to operate at temperatures exceeding po°C
that appendix. See Table 1-1 for the status of each appendix.(200°F) but not exceeding 260°C (500°F).

1.1.5 Appendix A provides alternative simplified design 1.1.18 Appendix N provides requirements for the use pf
requirements for tanks where the stressed components, suahew or unused plate and pipe materials that are not gpm-
as shell plates and reinforcing plates, are limited to a maxi-pletely identified as complying with any listed specificatign
mum nominal thickness of 12.5 mrHy(in.), including any for use in accordance with this standard. T

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

Appendix Title Status
A Optional design basis for small tanks Purchaser’s Option
B Recommendations for design and construction of foundatiof&ecommendations
for aloveground oil storage tanks
C External floating roofs Purchaser’s Option
D Technical inquiries Required Procedures
° E Seismic 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 materials that 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 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.

e Purchaser’s Option: When the purchaser specifies an option covered by an appendix, the appen-

dix then becomes a requirement.

¢ 1.1.19 Appendix O provides recommendations for the 1.2 LIMITATIONS
design and construction of under-bottom connections for stor-

The rules of this standard are not applicable beyond the follpw-
age tanks.

ing limits of piping connected internally or externally to the ro {20
shell, or bottom of tanks constructed according to this standa

1.1.20 Appendix P provides minimum recommendations
for design of shell openings that conform to Table 3-6 thata. The face of the first flange in bolted flanged connectidns,
are subject to external piping loads. An alternative or sup-unless covers or blinds are provided as permitted in this standard.
plemental design may be agreed upon by the purchaser op. The first sealing surface for proprietary connections|or
manufacturer. fittings. 00
c. The first threaded joint on the pipe in a threaded congec-
1.1.21 Appendix S provides requirements for stainless tion to the tank wall.
steel tanks. d. The first circumferential joint in welding-end pipe conngc-
tions if not welded to a flange.

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, examiﬁelr'3 COMPLIANCE

qualifications, and procedure requirements are also provided. The manufacturer is responsible for complying with all
This appendix is not intended to be used alone to determingrovisions of this standard. Inspection by the purchasers
the inspection requirements within this standard. The specificinspector (the term inspector as used herein) does not negate
requirements listed within each applicable section shall bethe manufacturer’'s obligation to provide quality control and
followed in all cases. inspection necessary to ensure such compliance.
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1.4 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

Std 620 Design and Construction of Large, Welded,
Low-Pressure Storage Tanks

RP 651 Cathodic Protection of Aboveground Petroleum
Storage Tanks

RP 652 Lining of Aboveground Petroleum Storage Tank
Bottoms

Std 2000 Venting Atmospheric and Low-Pressure Storage
Tanks (Nonrefrigerated and Refrigerated)

RP 2003 Protection Against Ignitions Arising Out of

Static, Lightning, and Stray 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
Specifications for Aluminum Sheet Metal Work
in Building Construction
ACI2
318 Building Code Requirements for Reinforced
Concrete(ANSI/ACI 318)
350 Environmental Engineering Concrete Structures
AISC3
Manual of Steel Construction, Allowable Stress
Design
AlIS|4
E-1 Steel Plate Engineering Data Series: Useful
Information—Design of Plate Structuregol-
ume Il
ASCBE>

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

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

2American Concrete Institute, P.O. Box 19150, Detroit, Michigan
48219-0150, www.aci-int.org.

3American Institute of Steel Construction, One East Wacker Drive,
Suite 3100, Chicago, lllinois 60601-2001, www.aisc.org.
4american Iron and Steel Institute, 1101 17th Street, N.W.,
Suite 1300, Washington, D.C. 20036-4700, www.steel.org.
5American Society of Civil Engineers, 1801 Alexander Bell Drive,
Reston, VA 20191-4400, www.asce.org.

ASMES

B1.20.1 Pipe Threads, General Purpose (Inch)

(ANSI/ASME B1.20.1)

Cast Iron Pipe Flanges and Flanged Fit-
tings (ANSI/ASME B16.1)

Pipe Flanges and Flanged Fittings
(ANSI/ASME B16.5)

Large Diameter Steel Flanges: NPS 26
Through NPS 6QANSI/ASME B16.47)

Welded Aluminum-Alloy Storage Tanks
(ANSI/ASME B96.1)

Boiler & Pressure Vessel Codgection V,
“Nondestructive Examination”; Section
VIII, “Pressure Vessels,” Division 1; and
Section IX, “Welding and Brazing
Qualifications”

B16.1

B16.5

B16.47

B96.1

ASNT/

RP SNT-TC-1APersonnel Qualification and Certification
in Nondestructive Testing

ASTMS

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

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

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

Service
A 213M/A 213Seamless Ferritic and Austenitic Alloy-
Steel Boiler, Superheater, and Heat-

Exchanger Tubes

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

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

A 240M/A 240Heat-Resisting Chromium and Chromium-
Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels

A 276 Stainless Steel Bars and Shapes

A 283M/A 283Low and Intermediate Tensile Strength
Carbon Steel Plates

A 285M/A 285Pressure Vessel Plates, Carbon Steel, Low-
and Intermediate-Tensile Strength

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

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

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

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

A 334M/A 334Seamless and Welded Carbon and Alloy-
Steel Tubes for Low-Temperature Service

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

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

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

A 307

A 370 Test Methods and Definitions for Mechani-
cal Testing of Steel Products
A 380 Cleaning, Descaling, and Passivation of

Stainless Steel and

Systems

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

Parts, Equipment,

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

A 479M/A 479Stainless Steel Bars and Shapes for Use in
Boilers and Other Pressure Vessels

A 480M/A 480Flat-Rolled Stainless and Heat-Resistirjps
Steel Plate, Sheet, and Strip

A 516M/A 516Pressure 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 537Pressure Vessel Plates, Heat-Treated, Car-
bon-Manganese-Silicon Steel

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

A 573M/A 573Structural Carbon Steel Plates of
Improved Toughness
A 633M/A 633Normalized  High-Strength  Low-Alloy

Structural Steel
A 662M/A 662Pressure 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 678Quenched and Tempered Carbon-Steel and
High-Strength Low-Alloy Steel Plates for
Structural Applications

A 737M/A 737Pressure Vessel
Low-Alloy Steel

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

A 924M/A 924General Requirements for Steel Sheet,
Metallic-Coated by the Hot-Dip Process
r01

Plates, High-Strength,

A 992M/A 992Steel for Structural Shapes for Use
Building Framing

C 273 Method for Shear Test in Flatwise Plane of
Flat Sandwich Constructions or Sandwich
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 PlasticSfANSI/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 Pycnometer

D 3453 Flexible Cellular Materials—Urethane for
Furniture and Automotive Cushioning, Bed-
ding, and Similar Applications

E 84 Test Method for Surface Burning Characteris-
tics of Building Materials
E 96 Test Methods for Water Vapor Transmission of
Materials
AWS?
A5.1 Specification for Carbon Steel Covered Arc-
Welding Electrodes
A5.5 Specification for Low-Alloy Steel Covered
Arc-Welding Electrodes
D1.2 Structural Welding Code—Aluminum
CSAL0

G40.21-M Structural Quality Steels

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

Supplement to National Building Code of Canada

Federal Specificatioh’
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 Specification)

ISO!2
630 Structural Steels

NFPAL3
11 Standard for Low-Expansion Foam 01
30 Flammable and Combustible Liquids Code

11specifications Unit (WFSIS), 7th and D Streets, N.W., Washing-
ton, D.C. 20407.

12nternational 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)], www.iso.ch.

10Canadian Standards Association, 178 Rexdale Boulevard,13NFPA International, 1 Batterymarch Park, Quincy, MA

Rexdale, Ontario MOW 1R3, www.csa.ca.

02269-9101, www.nfpa.org.
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k. ASTM A 737M/A 737, Grade B, for plates to a maximum Table 2-1—Maximum Permissible Alloy Content
thickness of 40 mm (1.5 in.). ot Analve

I. ASTM A 841M/A 841 for plates to a maximum thickness Alloy ‘?Sterg‘j‘ngs 'S Notes
of 40 mm (1.5 in.) [insert plates to a maximum thickness of
65 mm (2.5in.)].

Columbium 0.05 1,2,3

Vanadium 0.10 1,2,4

2.2.3 CSA Specifications Columbium & 0.05%) plus 0.10 1,2,3
vanadium
Plate furnished to CSA G40.21-M in Grades 260W, 300W, Nitrogen 0015 124

and 350W is acceptable within the limitations stated below. T
(If impact tests are required, Grades 260W, 300W, and 350WCOPPer 0.35 12
are designated as Grades 260WT, 300WT, and 350WTNickel 0.50 1,2
respectively.) Imperial unit equivalent grades of CSA Specifi- cnromium 0.25 1,2
cation G40.21 are also acceptable.

Molybdenum 0.08 1,2

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

b. Fully killed steel made to fine-grain practice must be spet-1- When the use of these alloys or combinations of them is not |98
ified when required included in the material specification, their use shall be at the option

. o ) of the plate producer, subject to the approval of the purchaser. These
c. Elements added for grain refining or strengthening shall beelements shall be reported when requested by the purchaser. When
restricted in accordance with Table 2-1. more restrictive limitations are included in the material specification,

. those shall govern.
d. Plates shall have tensile strengths that are not more thaa_ On product analysis, the material shall conform to these require-

140 MPa (20 ksi) above the minimum specified for the grade.ments, subject to the product analysis tolerances of the specification.

e. Grades 260W and 300W are acceptable for plate to a max3. When columbium is added either singly or in combination with

imum thickness of 25 mm (1 in.) if semikilled and to a vanadium, it shall be restricted to plates of 12.5 mm (0.50 in.) maxi-
' mum thickness unless combined with 0.15% minimum silicon.

maximum thickn'ess of _40 mm (1.5 in.) if fully killed and 4. When nitrogeng(0.015%) is added as a supplement to vanadium,
made to fine-grain practice. it shall be reported, and the minimum ratio of vanadium to nitrogen

f. Grade 350W is acceptable for plate to a maximum thick- shall be 4:1.
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. 2.2.6 General Requirements for Delivery

o 2.2.6.1 The material furnished shall conform to the
2.2.4  1SO Specifications applicable requirements of the listed specifications but is

Plate furnished to 1SO 630 in Grades E 275 and E 355 isnOt restricted with respect to the location of the place of

acceptable within the following limitations: manufacture.

a. Grade E 275 in Qualities C and D for plate to a maximum2'2'6_'2 This _materlal is mte_nded to be swtabl_e for fusion
welding. Welding technique is of fundamental importance,

thickness of 40 mm (1.5 in.) and with a maximum manganese 4 weldi d i id Ids wh i th
content of 1.5% (heat). and welding procedures must provide welds whose streng

. " . and toughness are consistent with the plate material being
b. Grade E 355 in Qualities C and D for plate to a maximum

thick ¢ a5 175 | ; ¢ plates t ) joined. All welding performed to repair surface defects
ICKNESS 0 mm (,‘ in.) insert plates to a maximum shall be done with low-hydrogen welding electrodes com-
thickness of 50 mm (2 in.)].

patible in chemistry, strength, and quality with the plate

material.
2.2.5 National Standards

) ) e 2.2.6.3 When specified by the plate purchaser, the steel
Plates produced and tested in accordance with the requiréspa| pe fully killed. When specified by the plate purchaser,
ments of a recognized national standard and within thefu”y killed steel shall be made to fine-grain practice.

mechanical and chemical limitations of one of the grades

listed in Table 2-2 are acceptable when approved by the pur2.2.6.4 For plate that is to be made to specifications that
chaser. The requirements of this group do not apply to thelimit the maximum manganese content to less than 1.60%,
ASTM, CSA, and ISO specifications listed in 2.2.2, 2.2.3, the limit of the manganese content may be increased to
and 2.2.4. For the purposes of this standardtional stan- 1.60% (heat) at the option of the plate producer to maintain
dardis a standard that has been sanctioned by the governmerthe required strength level, provided that the maximum car-
of the country from which the standard originates. 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
00] Tensile Strength Yield Maximum Percent Phosphorus and
Minimum¢ Maximum Strength Thickness Carbon Sulfur
Gradé MPa  ksi MPa  ksi MPa  ksi mm in. Heat Product Heat Product
235 360 52 510 74 235 34 20 0.75 0.20 0.24 0.04 0.05
00 250 400 58 530 77 250 36 40 15 023 0.27 0.04 0.05
275 430 62 560 81 275 40 40 15 0.25 0.29 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, ISO standard, or ASTM specification.
bSemikilled 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.

¢ CYield strength + tensile strength0.75, based on the minimum specified yield and tensile strength unless actual test values are
required by the purchaser.
dNonrimming only.

the plate is given consideration. The material shall be marke®.2.7.4 Subject to the purchaser’'s approval, controlled-
“Mod” following the specification listing. The material shall rolled plates (plates produced by a mechanical-thermal roll-
conform to the product analysis tolerances of Table B ining process designed to enhance notch toughness) may be
ASTM A 6M/A 6. used where normalized plates are required. Each controlled-
. _ rolled plate shall receive Charpy V-notch impact energy test-
2265 The use or presence of columbium, vanadium, ing in accordance with 2.2.8, 2.2.9, and 2.2.10. When con-

nitrogen, CODPET, _ruckel, chromium, or molybdenum shall_not trolled-rolled steels are used, consideration should be given to
exceed the limitations of Table 2-1 for all Group VI materials the service conditions outlined in 3.3.3

01] (see Table 2-3) and ISO 630, Grade E 355.
2.2.7.5 The tensile tests shall be performed on each plate
2.2.7 HeatTreatment of Plates as heat treated.

e 2.2.7.1 When specified by the plate purchaser, fully killed 2928
plates shall be heat treated to produce grain refinement by
either normalizing or heating uniformly for hot forming. Ife 2.2.8.1 When required by the purchaser or by 2.2.7.4 and
the required treatment is to be obtained in conjunction with 2.2.9, a set of Charpy V-notch impact specimens shall be
hot forming, the temperature to which the plates are heatedaken from plates after heat treatment (if the plates have been
for hot forming shall be equivalent to and shall not signifi- heat treated), and the specimens shall fulfill the stated energy
cantly exceed the normalizing temperature. If the treatment ofrequirements. Test coupons shall be obtained adjacent to a
the plates is not specified to be done at the plate producer'sension-test coupon. Each full-size impact specimen shall
plant, testing shall be carried out in accordance with 2.2.7.2. have its central axis as close to the plane of one-quarter plate

thickness as the plate thickness will permit.

Impact Testing of Plates

e 2.2.7.2 When a plate purchaser elects to perform the
required normalizing or fabricates by hot forming (see 2.2.8.2 When it is necessary to prepare test specimens
2.2.7.1), the plates shall be accepted on the basis of mill testi'om separate coupons or when plates are furnished by the
made on full-thickness specimens heat treated in accordancplate producer in a hot-rolled condition with subsequent heat
with the plate purchaser’s order. If the heat-treatment temper{reatment by the fabricator, the procedure shall conform to
atures are not indicated on the purchase order, the specimesSTM A 20.
shall be heat treated under conditions considered appropriat . )
for grain refinement and for meeting the test requirements.%'2'8'3 An impact te_st shall be performed on three_ shect-
The plate producer shall inform the plate purchaser of theMens taken from a single test coupon or test location. The

procedure followed in treating the specimens at the steel mill.2verage value (_)f the specimens (with no more than one spec-
imen value being less than the specified minimum value)

e 2.2.7.3 On the purchase order, the plate purchaser shallshall comply with the specified minimum value. If more than
indicate to the plate producer whether the producer shall perone value is less than the specified minimum value, or if one
form the heat treatment of the plates. value is less than two-thirds the specified minimum value,
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three additional specimens shall be tested, and each of thedse assumed to be 8°C (15°F) above the lowest one-day mean

must have a value greater than or equal to the specified miniambient temperature of the locality where the tank is to be

mum value. installed. Isothermal lines of lowest one-day mean tempera-
tures are shown in Figure 2-2. The temperatures are not

2.2.8.4 The test specimens shall be Charpy V-notch Type A related to refrigerated-tank temperatures (see 1.1.1).

specimens (see ASTM A 370), with the notch perpendicular

to the surface of the plate being tested. 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

2285 _For a plate_whose t_h|ckness s insufficient to permit they are attached or shall be of any appropriate material listed

preparation of full-size specimens (10 m1i0 mm), tests i, apje 2.3 and Figure 2-1. Except for nozzle and manway

shall be made on the largest subsize specimens that can t}?ecks, the material shall be of equal or greater yield and ten-

pr_epared from the plate. Subsize specimens sha_\ll hgve ile strength and shall be compatible with the adjacent shell
width along the notch of at least 80% of the material thick- material (see 2.2.9.1 and 3.7.2.2, item e).

ness.
) ) . 2.2.9.5 The requirements in 2.2.9.4 apply only to shell

2.2.8.6 The impact energy values obtained from subsize ;165 and manholes. Materials for roof nozzles and man-

specimens shall not be less than values that are proportiong|jas do not require special toughness.

to the energy values required for full-size specimens of the

same material. 2.2.10 Toughness Procedure

,2'2'8'7 Thg testing apparatu§, i_ncludin_g t,he galibration of 2.2.10.1 When a material’s toughness must be determined,

impact machines and the permissible variations in the teMPEry; shall be done by one of the procedures described in 2.2.10.2

ature of specimens, shall conform to ASTM A 370 or an through 2.2.10.4, as specified in 2.2.9.

equivalent testing apparatus conforming to national standards

or ISO standards. 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
2.2.9 Toughness Requirements temperature to show Charpy V-notch longitudinal (or trans-

) ) verse) values that fulfill the minimum requirements of Table
shell plates, shell reinforcing plates, shell insert plates, bottomygr sypsize specimens). As used here, the péate as rolled
plates welded to the shell, plates used for manhole and nozzlgefers to the unit plate rolled from a slab or directly from an

necks, plate-ring shell-nozzle flanges, blind flanges, and maningot in its relation to the location and number of specimens,
hole cover plates shall be in accordance with Figure 2-1.40t tg the condition of the plate.

Notch toughness evaluation of plate-ring flanges, blind _ _
flanges, and manhole cover plates shall be based on “goverr2-2.10.3  The thickest plate from each heat shall be impact
ing thickness” as defined in 2.5.5.3. In addition, plates moretestEd in accordance with 2.2.8 and shall fulfill the impact
than 40 mm (1.5 in.) thick shall be of killed steel made to fine- requirements of 2.2.10.2 at the design metal temperature.

grain practice and heat treated by normalizing, normalizing; » 194 The manufacturer shall submit to the purchaser

and tempering, or quenching and tempering, and each plate 83t yata for plates of the material demonstrating that based on
heat treated shall be impact tested according to 2.2.10.2. EaCBast production from the same mill, the material has provided

TMCP A 841 plate shall be impact tested according 10 e required toughness at the design metal temperature.
2.2.10.2 when used at design metal temperatures lower than

the minimum temperatures indicated in Figure 2-1. e 23 SHEETS

2.2.9.2 Plates less than or equal to 40 mm (1.5 in.) thick,  gpeets for fixed and floating roofs shall conform to ASTM
except controlled-rolled plates (see 2.2.7.4), may be used at OR 570M/A 570, Grade 33. They shall be made by the open-

above the design metal temperatures indicated in Figure 2-ho, 4 o hasic oxygen process. Copper-bearing steel shall be
without being impact tested. To be used at design metal tem-

o o . used if specified on the purchase order. Sheets may be
peratures lower than the minimum temperatures indicated iNordered on either a weight or a thickness basis, at the option
Figure 2-1, plates shall demonstrate adequate notch toughne%cf the tank manufacturer.
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 materiab_ 4 STRUCTURAL SHAPES
notch toughness shall be demonstrated on each plate as heat

treated when 2.2.10.2 requirements are specified. 2.4.1 Structural steel shall conform to one of the following:

2.2.9.3 Unless experience or special local conditions jus- a. ASTM A 36M/A 36.
tify another assumption, the design metal temperature shalb. ASTM A 131M/A 131.
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Table 2-3a—Material Groups, Sl Units (See Figure 2-1 and Note 1 Below)

Group | Group Il Group Il Group A
As Rolled, As Rolled, As Rolled, Killed Normalized, Killed
Semikilled Killed or Semikilled Fine-Grain Practice Fine-Grain Practice
Material Notes Material Notes Material Notes Material Notes
A283M 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 59 G40.21M-260W 9,10
Grade 250 6 Grade 250 5,9,10
Group VI
Normalized or
Group IV Group IVA Group V Quenched and Tempered,

As Rolled, Killed
Fine-Grain Practice

As Rolled, Killed
Fine-Grain Practice

Normalized, Killed
Fine-Grain Practice

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 A633MC
A 516M-450 G40.21M-300W 9,11 A 516M-485 10 A 633M D
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 B678MA
G40.21M-350W A 678M B 13
E 275 4,9 A737TM B
E 355 A 841 12, 13
Grade 275 5,9
Notes:

1. Most of the listed material specification numbers refer to ASTM specifications (including Grade or Class); there are, how-
ever, some exceptions: G40.21M (including Grade) is a CSA specification; Grades E 275 and E 355 (including Quality) are
contained in 1ISO 630; and Grade 235, Grade 250, and Grade 275 are related to national standards (see 2.2.5).

Thickness 20 mm.

I

Must be semikilled or killed.

Maximum manganese content of 1.5%.
Thickness 20 mm maximum when controlled-rolled steel is used in place of normalized steel.
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-
mitted up to the maximum of 1.35%. Thickness@® mm shall have a manganese content of 0.8—-1.2% by heat analysis.

7. Thickness 25 mm.
8. Must be killed.

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

10. Must be normalized.

11. Must have chemistry (heat) modified 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 | Group Il Group Il Group 1A
As Rolled, As Rolled, As Rolled, Killed Normalized, Killed
Semikilled Killed or Semikilled Fine-Grain Practice Fine-Grain Practice
Material Notes Material Notes Material Notes Material Notes
A283C 2 A131B 7 A 573-58 A 131 CS
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
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 Group V Quenched and Tempered,

As Rolled, Killed
Fine-Grain Practice

As Rolled, Killed
Fine-Grain Practice

Normalized, Killed
Fine-Grain Practice

Killed Fine-Grain Practice
Reduced Carbon

Material Notes Material Notes Material Notes Material Notes
A 573-65 A 662 C A573-70 10 A 131 EH 36
A 573-70 A573-70 11 A 516-65 10 A633C
A 516-65 G40.21M-300W 9,11 A 516-70 10 A 633D
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 AB678A
G40.21M-350W A678B 13
E 275 4,9 A737B
E 355 9 A 841 12,13
Grade 275 59

Notes:

1. Most of the listed material specification numbers refer to ASTM specifications (including Grade or Class); there are, how-
ever, some exceptions: G40.21M (including Grade) is a CSA specification; Grades E 275 and E 355 (including Quality) are
contained in 1ISO 630; and Grade 235, Grade 250, and Grade 275 are related to national standards (see 2.2.5).

Thickness 0.75 in.

ouA LN

Must be semikilled or killed.

Maximum manganese content of 1.5%.
Thickness 0.75 in. maximum when controlled-rolled steel is used in place of normalized steel.
Manganese content shall be 0.80-1.2% by heat analysis for 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%. Thickness@s75 in. shall have a manganese content of 0.8—1.2% by heat analysis.

7. Thickness 1 inch.
8. Must be killed.

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

10. Must be normalized.

11.Must have chemistry (heat) modified 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 2-4—Minimum Impact Test Requirements for Plates (See Note)

Average Impact Value of Three Specinfens

Thickness Longitudinal Transverse
Plate Materigt and Thicknesgin mm (in.) mm in. J ft-Ibf J ft-Ibf
Groups I, II, Ill, and NIIA 20 15 18 13
t < maximum thicknesses in 2.2.2 through 2.2.5
Groups IV, IVA, V, and VI (except quenched t<40 t<1.5 41 30 27 20
and tempered and TMCP) 40 <t< 45 15<t<1.75 48 35 34 25
45 <t< 50 1.75<t<2 54 40 41 30
50<t<100 2<t<4 68 50 54 40
Group VI (quenched and tempered and TMCP) t < 40 t<1.5 48 35 34 25
40 <t< 45 15<t<1.75 54 40 41 30
45 <t<50 1.75<t<2 61 45 48 35
50<t<100 2<t<4 68 50 54 40

aSee Table 2-3.

binterpolation is permitted to the nearest joule (ft-Ibf).

Note: For plate ring flanges, the minimum impact test requirements for all thicknesses shall be those
fort<40 mm (1.5in.).

c. ASTM A 992M/A 992. g. ASTM A 420M/A 420, Grade WPL6.
d. Structural Steels listed in AlSSpecification for Struc- h. ASTM A 524, Grades | and II.
tural Steel Buildings, Allowable Stress Design i. ASTMA 671 (see 2.5.3).

e. CSA G40.21-M, Grades 260W, 300w, 350W, 260WT,

300WT, and 350WT. Imperial unit equivalent grades of CSA 2.5.1.2 The following specifications are acceptable for
Specification G40.21 are also acceptable. forgings:

f. 1SO 630_, Grade_E 275, Qualities B, C, and D. _ 2 ASTM A 105M/A 105.

0. Recognized national standards. Structural steel that is pro-

duced in accordance with a recognized national standard anH' ASTMA 181M/A 181.

that meets the requirements of Table 2-2 is acceptable whefs- ASTM A 350M/A 350, Grades LF1 and LF2.

approved by the purchaser. 2.5.2 Unless ASTM A 671 pipe is used (electric-fusion-
2.4.2 All steel for structural shapes shall be made by the welded pipe) (see 2.5.3), material for shell nozzles and shell
open-hearth, electric-furnace, or basic oxygen processmanhole necks shall be seamless pipe, seamless forging, or
Copper-bearing steel is acceptable when approved by thelate material as specified in 2.2.9.1. When shell materials

purchaser. are Group IV, IVA, V, or VI, seamless pipe shall comply
with ASTM A 106, Grade B; ASTM A 524; ASTM A 333M/
2.5 PIPING AND FORGINGS A 333, Grade 6; or ASTM A 334M/A 334, Grade 6.

2.5.1 Unless otherwise specified in this standard, pipe and2.5.3 When ASTM A 671 pipe is used for shell nozzles and
pipe couplings and forgings shall conform to the specifica- shell manhole necks, it shall comply with the following:

tions listed in 2.5.1.1 and 2.5.1.2 or to national standards ) ) o
equivalent to the specifications listed. 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.

2511 The following specifications are acceptable for b. The pipe shall be pressure tested in accordance with 8.3 of

pipe and pipe couplings: ASTM A 671.

a. API Spec 5L, Grades A, B, and X42. c. The plate specification for the pipe shall satisfy the
b. ASTM A 53, Grades A and B. requirements of 2.2.7, 2.2.8, and 2.2.9 that are applicable to
c. ASTM A 106, Grades A and B. that plate specification.

d. ASTM A 234M/A 234, Grade WPB. d. Impact tests for qualifying the welding procedure for the
e. ASTM A 333M/A 333, Grades 1 and 6. pipe longitudinal welds shall be performed in accordance
f. ASTM A 334M/A 334, Grades 1 and 6. with 7.2.2.
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2.5.4 Weldable-quality pipe that conforms to the physical specified in 2.2.9.2, the materials specified in 2.5.1 and 2.5.2
properties specified in any of the standards listed in 2.5.1 mayfor shell nozzles, shell manhole necks, and all forgings used
be used for structural purposes with the allowable stresse®n shell openings shall have a minimum Charpy V-notch
stated in 3.10.3. impact strength of 18 J (13 ft-Ibf) (full-size specimen) at a

2.5.5 Except as covered in 2.5.3, the toughness requirementsterm)eraIture no higher than the design metal temperature.

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. 2.6 FLANGES

2.55.1 Piping materials made according to ASTM A 2:6.1 Hub, slip-on, welding, and welding-neck flanges
333M/A 333, A 334M/A 334, A 350M/A 350, and A 420, shall conform to the material requirements of ASME B16.5
Grade WPL6 may be used at design metal temperatures néPr forged carbon steel flanges. Plate material used for nozzle
lower than the impact test temperature required by the AsTMflanges shall have physical properties better than or equal to
specification for the applicable material grade without addi- those required by ASME B16.5. Shell-nozzle flange material
tional impact tests (see 2.5.5.4). shall conform to 2.2.9.1.

2.5.5.2 Other pipe and forging materials shall be classified 2.6.2 For nominal pipe sizes greater than NPS 24, flanges
under the material groups shown in Figure 2-1 as follows:  that conform to ASME B16.47, Series B, may be used, sub-

ject to the purchaser’s approval. Particular attention should be
a. Group lIA—API Spec 5L, Grades A, B, and X42; ASTM given to ensuring that mating flanges of appurtenances are
A 106, Grades A and B; ASTM A 53, Grades A and B

' compatible.
ASTM A 181M/A 181; ASTM A 105M/A 105; and A 234M/
A234, Grade WPB.

b. Group VIA—ASTM A 524, Grades | and Il. * 2.7 BOLTING

2553 The materials in the groups listed in 2.5.5.2 may _ Bolting shall conform to ASTM A 307 or A 193M/A 193.
be used at nominal thicknesses, including corrosion allow-A 325M/A 325 may be used for structural purposes only. The

ance, at design metal temperatures no lower than thos@Urchaser should specify on the order what shape of bolt
shown in Figure 2-1 without impact testing (see 2.5.5.4 and1€2ds and nuts is desired and whether regular or heavy
Figure 2-3). The governing thicknesses to be used in Figurélimensions are desired.

2-1 shall be as follows:
2.8 WELDING ELECTRODES
a. For butt-welded joints, the nominal thickness of the thick-

est welded joint. 2.8.1 For the welding of materials with a minimum tensile
b. For corner or lap welds, the thinner of the two parts joined. Strength less than 550 MPa (80 ksi), the manual arc-welding
c. For nonwelded parts such as bolted blind flanges and manelectrodes shall conform to the E60 and E70 classification
hole coversl/, of their nominal thickness. series (suitable for the electric current characteristics, the
position of welding, and other conditions of intended use) in

2.5.5.4 When impact tests are required by 2.5.5.1 Or n\yg a5 1 and shall conform to 5.2.1.10 as applicable.
2.5.5.3, they shall be performed in accordance with the

requirements, including the minimum energy requirements,2.8.2 For the welding of materials with a minimum tensile
of ASTM A 333M/A 333, Grade 6, for pipe or ASTM A strength of 550 through 585 MPa (80 through 85 ksi), the
350M/A 350, Grade LF1, for forgings at a test temperature nomanual arc-welding electrodes shall conform to the ES80XX-
higher than the design metal temperature. Except for the plat€CX classification series in AWS A5.5.
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e

ROOF-PLATE JOINT

ROOF-TO-SHELL JOINTS

- 12t —————

N 1.75t <R <3t

~w— Inside of shell

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

~— -
Bottom or annular Inside

bottom plate .}

BOTTOM-TO-SHELL JOINT

Optional
( V groove
5 1
L —

\Tack weld

— S

Single-welded
full-fillet lap joint

Single-welded butt 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

vr— Shell plate
D

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 {/5 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 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 specified 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-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
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 efficiency factors need not be applied in conforming to
the requirements of 3.10.5 and 3.10.6.
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/— Shell plate

A =B for

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

45° minimum

Al

:

B—> [~ 13 mm (Y2 in.) maximum
- N : <
/ A6 mm (M4 in.) minimum
Annular bottom plate

A + B minimum

Notes:
1. A = Fillet weld size limited to 13 mm (}/, 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).

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 3.2 DESIGN CONSIDERATIONS
roofs of the cone, dome, or umbrella type, the edges of th .

roof plates may be flanged horizontally to rest flat against t|‘”I§3 2.1 Design Factors
top angle to improve welding conditions. The purchaser shall state the design metal temperature

porting roofs in 3.10.5 and 3.10.6, and for tanks with the the corrosion allowance (if any), and the design wind velocity.

flanged roof-to-shell detail described in item f below, tank
shells shall be supplied with top angles of not less than the3-2-2 External Loads

following sizes: for tanks with a diameter less than or equalto  The purchaser shall state the magnitude and direction of
11 m (35 ft), 51x 51x 4.8 mm (2x 2 x 3/3gin.); for tanks  external loads or restraint, if any, for which the shell or shell
with a diameter greater than 11 m (35 ft) but less than orconnections must be designed. The design for such loadings
equal to 18 m (60 ft), 5% 51x 6.4 mm (2x 2 x Y/, in.); and shall be a matter of agreement between the purchaser and the
for tanks with a diameter greater than 18 m (60 ft)x 76 x manufacturer.

9.5 mm (3% 3 x 3/g in.). At the purchaser’s option, the out-

standing leg of the top angle may extend inside or outside #e3.2.3 Protective Measures

nk shell. . : : .
tank she . . The purchaser should give special consideration to founda-
f. Fortanks with a diameter less than or equal to 9 m (30 ft)tions, corrosion allowance, hardness testing, and any other

and a supported cone roof (see 3.10.4), the top edge of thﬁrotective measures deemed necessary
shell may be flanged in lieu of installing a top angle. The '

bend radius and the width of the flanged edge shall confor

to the details of Figure 3-3A. This construction may be usegls'z'4 External Pressure

for any tank with a self-supporting roof (see 3.10.5 and This standard does not contain provisions for the design of
3.10.6) if the total cross-sectional area of the junction fulfills tanks subject to partial internal vacuum; however, tanks that
the stated area requirements for the construction of the topmeet the minimum requirements of this standard may be sub-
angle. No additional member, such as an angle or a bar, shajected to a partial vacuum of 0.25 kPa (1 in. of water) of water
be added to the flanged roof-to-shell detail. pressure.
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e 3.2.5 Tank Capacity e 3.3.4 Weld Hardness

3.25.1 The_purchase_r shall specify the maxim_um capacity  When specified by the purchaser, the hardness of the weld
and the overfill protection _Ievel (or volume) requirement (see metal for shell materials in Group IV, IVA, V, or VI shall be
APl Recommended Practice 2350). evaluated by one or both of the following methods:

3.2.5.2 Maximum capacity is the volume of product in @ , The welding-procedure qualification tests for all welding

_tankwhen the tank is fi_IIed to its design liquid level as defined o1 include hardness tests of the weld metal and heat-
in 3.6.3.2 (see Appendix L). affected zone of the test plate. The methods of testing and the
3.2.5.3 The net working capacity is the volume of avail- acceptance standards shall be agreed upon by the purchaser
able product under normal operating conditions. The netand the manufacturer.

working capacity is equal to the maximum capacity (3.2.5.2) b. All welds deposited by an automatic process shall be hard-
less the minimum operating volume remaining in the tank, ness tested on the product-side surface. Unless otherwise
less the overfill protection level (or volume) requirement (see specified, one test shall be conducted for each vertical weld,

Appendix L). and one test shall be conducted for each 30 m (100 ft) of cir-
cumferential weld. The methods of testing and the acceptance
3.3 SPECIAL CONSIDERATIONS standards shall be agreed upon by the purchaser and the
e 3.3.1 Foundation manufacturer.

The selection of the tank site and the design and construcy 4 BOTTOM PLATES
tion of the foundation shall be given careful consideration, as
outlined in Appendix B, to ensure adequate tank support. The3.4.1 All bottom plates shall have a minimum nominal
adequacy of the foundation is the responsibility of the pur- thickness of 6 mm{ in.) [70 kPa (10.2 Ibf/if) (see
chaser. 2.2.1.2)], exclusive of any corrosion allowance specified by
the purchaser for the bottom plates. Unless otherwise agreed

e 3.3.2 Corrosion Allowances to by the purchaser, all rectangular and sketch plates (bottom

When necessary, the purchaser, after giving consideratiorP/ates on which the shell rests that have one end rectangular)
to the total effect of the liquid stored, the vapor above the lig- Shall have a minimum nominal width of 1800 mm (72 in.).
uid, and the atmospheric environment, shall specify the corro-3 4 5 Bottom plates of sufficient size shall be ordered so

sion allowance to be provided for each shell course, for thethat, when trimmed, at least a 25 mm (1 in.) width will project

bottom, for the roof, for nozzles and manholes, and for Struc'beyond the outside edge of the weld attaching the bottom to
tural members. the shell plate.

e 3.3.3 Service Conditions 3.4.3 Bottom plates shall be welded in accordance with

When the service conditions might include the presence of3'1'5'4 or3.1.55.

hydrogen sulfide or other conditions that could promote
hydrogen-induced cracking, notably near the bottom of the3-> ANNULAR BOTTOM PLATES

shell at the shell-to-bottom connections, care should be takergS_l When the bottom shell course is designed using the
to ensure that the materials of the tank and details of construcy oable stress for materials in Group IV, IVA, V, or VI, butt-

tion are adequate to resist hydrogen-induced cracking. Th§yeided annular bottom plates shall be used (see 3.1.5.6).
purchaser should consider limits on the sulfur content of the\ynen the bottom shell course is of a material in Group IV,
base and weld metals as well as appropriate quality controlya v/ or Vi and the maximum product stress (see 3.6.2.1)
procedures in plate and tank fabrication. The hardness of the,. the first shell course is less than or equal to 160 MPa

welds, including the heat-affected zones, in contact with these(23'200 Ibf/in?) or the maximum hydrostatic test stress (see
conditions should be considered. The weld metal and adja3 g 5 9) for the first shell course is less than or equal to 172

cent heat-affected zone often contain a zone of hardness WeN/IPa (24,900 Ibffir?), lap-welded bottom plates (see 3.1.5.4)
in excess of Rockwell C 22 and can be expected to be Moren, he ysed in lieu of butt-welded annular bottom plates.
susceptible to cracking than unwelded metal is. Any hardness

criteria should be a matter of agreement between the pur3.5.2 Annular bottom plates shall have a radial width that

chaser and the manufacturer and should be based on an evalprovides at least 600 mm (24 in.) between the inside of the
ation of the expected hydrogen sulfide concentration in theshell and any lap-welded joint in the remainder of the bottom
product, the possibility of moisture being present on the and at least a 50 mm (2 in.) projection outside the shell. A
inside metal surface, and the strength and hardness charactegreater radial width of annular plate is required when calcu-
istics of the base metal and weld metal. lated as follows:



3-6 APl STANDARD 650

In Sl units: Table 3-1—Annular Bottom-Plate Thicknesses
215, Sl Units
0.5
(HG) Nominal Plate  Hydrostatic Test Stre®in First Shell Course

where Thicknes3 of First (MPa)

— thi ; Shell Course
ty = thlck.ness of th.e an-nullar plate (see 3.5.3), |r1 mm, (mm) <190 <210 <230 <250
H = maximum design liquid level (see 3.6.3.2), in m, t<19 6 6 7 9
G = design specific gravity of the liquid to be stored. 19 o< 25 6 7 10 1
In US Customary units: 25<t=32 6 9 12 14
390t 32<t<38 8 11 14 17
—_— 38 <t<45 9 13 16 19
(HG)™
US Customary
where Nominal Plate  Hydrostatic Test StreS First Shell C
_ . . ominal Plate yarostatic fes ress Firs e ourse
t, = thickness of the annular plate (see 3.5.3), (in.), Thicknesa of First (Ibffin?)
H = maximum design liquid level (see 3.6.3.2), (ft), Shell Course
G = design specific gravity of the liquid to be stored. (in) <27,000 <30,000 <33,000 = 36,000
. t<0.75 U, Yy 32 Y3,
§.5|.3 Tr?e thrllckr;?slf of the ?nnlélgr _lIJ_o;[)tlorr;3 [.;Jllatles shall not g 75 <t < 1.00 Y, sy g s
e esst an the thicknesses listed in Table 3-1 plus any speci; ) . 4 o5 Y, 1., 15, %6
fied corrosion allowance.
1.25<t<1.50 S e 16 6
3.5.4 The ring of annular plates shall have a circular out- 1 50 <t<1.75 11y, 1, 5g 3,

side circumference but may have a regular polygonal shape————

inside the tank shell, with the number of sides equal to theffﬁ"c’(rj“i”atI F;’_'aie tthictk”ess refers tlo tTett%”fk shell Ny gosnsttructed.
number of annular plates. These pieces shall be welded irzseye %022'20) est stresses are calculated fronDHo- 0.3)]

accordance with 3.1.5.6 and 3.1.5.7, item b. CHydrostatic test stresses are calculated fromO2-6— 1]t

3.5.5 In lieu of annular plates, the entire bottom may be (see 3.6.3.2).

butt-welded provided that the requirements for annular plateNote: The thicknesses specified in the table, as well as the width
: ; : ; : specified in 3.5.2, are based on the foundation providing uniform
thickness, welding, materials, and inspection are met for thesupport under the full width of the annular plate. Unless the foun-

annular distance specified in 3.5.2. dation is properly compacted, particularly at the inside of a con-
crete ringwall, settlement will produce additional stresses in the

3.6 SHELL DESIGN annular plate.

3.6.1 General

e 3.6.1.2 Unless otherwise agreed to by the purchaser, the
3.6.1.1 The required shell thickness shall be the greater of shell plates shall have a minimum nominal width of 1800 mm
the design shell thickness, including any corrosion allowance,(72 in.). Plates that are to be butt-welded shall be properly
or the hydrostatic test shell thickness, but the shell thickness$duared.

shall not be less than the following: e 3.6.1.3 The design shell thickness shall be computed on
the basis that the tank is filled to a lede(see 3.6.3.2) with a

Nom'?gégaﬁgt'ej'la)meter Nom'?gLZ'ﬁgtgg)‘:kness liquid that has a specific gravity specified by the purchaser.
(m) () (mm) (i) 3.6.1.4 The hydr_ostatlc test sheII_ thl_ckness shall be com-
<15 <50 5 T puted on _the basis that the tank is filled to a léVdsee

1510 < 36 50 to < 120 6 Y, 3.6.3.2) with water.

36 to 60 120 to 200 8 516 3.6.1.5 The calculated stress for each shell course shall not

> 60 >200 10 %g be greater than the stress permitted for the particular material
Notes: used for the course. No shell course shall be thinner than the

1. Unless otherwise specified by the purchaser, the nominal tankcourse above it.

diameter shall be the centerline diameter of the bottom shell-cougse3 6.1.6 The tank shell shall be checked for stability against

plates. : : : : e
2. Nominal plate thickness refers to the tank shell as constructed.bUCkIIng from the design wind velocity, as specified by the

The thicknesses specified are based on erection requirements.  Purchaser, in accordance with 3.9.7. If required for stability,
3. When specified by the purchaser, plate with a minimum nominal intermediate glrders, increased Shell-plate thicknesses, or both

thickness of 6 millimeters may be substituted'fginch plate. shall be used. If the design wind velocity is not specified, the
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maximum allowable wind velocity shall be calculated, and the _ 4.9D(H-0.3)

result shall be reported to the purchaser at the time of the bid. . S

3.6.1.7 The manufacturer shall furnish to the purchaser a where

drawing that lists the following for each course: t4 = design shell thickness, in mm,

a. The required shell thicknesses for both the design condi- t;
tion (including corrosion allowance) and the hydrostatic test
condition.

b. The nominal thickness used.
¢. The material specification.
d. The allowable stresses.

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 overflow that

3.6.1.8 Isolated radial loads on the tank shell, such as those limits the tank filling height; or to any other level
caused by heavy loads on platforms and elevated walkways specified by the purchaser, restricted by an inter-
between tanks, shall be distributed by rolled structural sec- nal floating roof, or controlled to allow for seis-
tions, plate ribs, or built-up members. mic wave action,

. G = design specific gravity of the liquid to be stored,
3.6.2 Allowable Stress as specified by the purchaser,
3.6.2.1 The maximum allowable product design str&gs, CA = corrosion allowance, in mm, as specified by the
shall be as shown in Table 3-2. The net plate thicknesses—the purchaser (see 3.3.2),
actual thicknesses less any corrosion allowance—shall be & = allowable stress for the design condition, in MPa
used in the calculation. The design stress b8gishall be (see 3.6.2.1),
either two-thirds the yield strength or two-fifths the tensile S = allowable stress for the hydrostatic test condition,

strength, whichever is less. in MPa (see 3.6.2.2).

3.6.2.2 The maximum allowable hydrostatic test str&s, )
shall be as shown in Table 3-2. The gross plate thicknessedn US Customary units:

including any corrosion allowance, shall be used in the calcu- 2.6D(H-1)G

lation. The hydrostatic test basis shall be either three-fourths ty = +CA

the yield strength or three-sevenths the tensile strength,

whichever is less. t = 2.6D(H-1) 0

S

3.6.2.3 Appendix A permits an alternative shell design
with a fixed allowable stress of 145 MPa (21,000 Iiand where
a joint efficiency factor of 0.85 or 0.70. This design may only

ty = design shell thickness (in.),
be used for tanks with shell thicknesses less than or equal to d g (in.)

12.5 mm Y, in.). ty = hydrostatic test shell thickness (in.),
) D = nominal tank diameter, in ft (see 3.6.1.1, Note 1),
3.6.2.4 Structural design stresses shall conform to the H = design liquid level, (ft),

allowable working stresses given in 3.10.3. )
g g = height from the bottom of the course under con-

sideration to the top of the shell including the top

3.6.3 Calculation of Thickness by the 1-Foot Method angle, if any: to the bottom of any overflow that

3.6.3.1 The 1-foot method calculates the thicknesses limits the tank filling height; or to any other level
required at design points 0.3 m (1 ft) above the bottom of specified by the purchaser, restricted by an inter-
each shell course. Appendix A permits only this design nal floating roof, or controlled to allow for seis-
method. This method shall not be used for tanks larger than mic wave action,

60 m (200 ft) in diameter. . G = design specific gravity of the liquid to be stored,

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

3.6.3.2 The required minimum thickness of shell plates
shall be the greater of the values computed by the followilg

formulas:
S = allowable stress for the design condition, (Iofjin.
In Sl units: (see 3.6.2.1),
= 4.9D(H-0.3)G +CA S = allowable stress for the hydrostatic test condition,
g = AT

S (Ibf/in.?) (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 Stres§y Test Stres&
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(C) 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)
A131M (A131) EH 36 (EH 36) 360 (51,000) £901,000) 196 (28,400) 210 (30,400)
A573M (A 573) 400 (58) 220 (32,000) 400 (58,000) 147 (21,300) 165 (24,000)
A573M (A 573) 450 (65) 240 (35,000) 450 (65,000) 160 (23,300) 180 (26,300)
A573M (A 573) 485 (70) 290 (42,000) £8670,000) 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] A516M (A516) 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) C(C) 295 (43,000) 48%70,000) 194 (28,000) 208 (30,000)
A 537M (A 537) 1(1) 345 (50,000) 48%70,000) 194 (28,000) 208 (30,000)
A 537M (A 537) 2(2) 415 (60,000) 58(80,000) 220 (32,000) 236 (34,300)
A 633M (A 633) C,D (C, D) 345 (50,000) 48670,008) 194 (28,000) 208 (30,000)
A 678M (A 678) A(A) 345 (50,000) 48570,000) 194 (28,000) 208 (30,000)
A 678M (A 678) B (B) 415 (60,000) 58@80,006) 220 (32,000) 236 (34,300)
A 737M (A 737) B (B) 345 (50,000) 48%70,000) 194 (28,000) 208 (30,000)
A B841M (A 841) Class1(Class1) 345 (50,000) 485(70,006) 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) 48(69,600) 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)
ISO 630
wl EZ7 C,D 265 (38,400) 425 (61,900) 170 (24,700) 182 (26,500)
E 355 C,D 345 (50,000) 49(71,000) 196 (28,400) 210 (30,400)

o 3By agreement between the purchaser and the manufacturer, the tensile strength of these materials may be increased 5c0B05sIPa (7
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 3.221 and 3.6
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e 3.7.1.2 The shell opening designs described in this stan- cross-sectional area of the required reinforcement shall not be

dard are required, except for alternative designs allowed inless than the product of the vertical diameter of the hole cut in
3.7.1.8. the shell and the nominal plate thickness, but when calcula-

» tions are made for the maximum required thickness consider-
3.7.1.3 Flush-type cleanout fittings and flush-type shell 4 o gesign and hydrostatic test load conditions, the required
connections shall conform to the designs specified in 3.7.7iickness may be used in lieu of the nominal plate thickness.
and 3.7.8. The cross-sectional area of the reinforcement shall be mea-

3714 When a size intermediate to the sizes listed in Sured vertically, coincident with the diameter of the opening.

Tables 3-3 through 3-14 is specified by the purchaser, the3 7 5 > Except for flush-type openings and connections, all
construction details and reinforcements shall conform to theggective reinforcements shall be made within a distance

next larger opening listed in the tables. The size of the openypaye and below the centerline of the shell opening equal to
ing or tank connection shall not be larger than the maximumne vertical dimension of the hole in the tank shell plate.
size given in the appropriate table. Reinforcement may be provided by any one or any combina-

3.7.1.5 Openings near the bottom of a tank shell will tend to tion of the following:

rotate with vertical bending of the shell under hydrostatic load- 5 The attachment flange of the fitting.
ing. Shell openings in this area that have attached piping O The reinforcing plate.
other external loads shall be reinforced not only for the static . - .
condition but also for any loads imposed on the shell connec—: The portion of the neck of_the fitting that may be consid-
tions by the restraint of the attached piping to the shell rotation.ereoI as reinforcement a(?cordlng to 3?'7'2'3'

The external loads shall be minimized, or the shell connectionsd: Excess shell-plate thickness. Reinforcement may be pro-

shall be relocated outside the rotation area. Appendix P provide¥1ded by any shell-plate thickness in excess of the thickness
a method for evaluating openings that conform to Table 3-6. required by the governing load condition within a vertical dis-
tance above and below the centerline of the hole in the shell

3.7.1.6 Sheared or oxygen-cut surfaces on manhole equal to the vertical dimension of the hole in the tank shell
necks, nozzle necks, reinforcing plates, and shell-plateplate as long as the extra shell-plate thickness is the actual
openings shall be made uniform and smooth, with the cor-plate thickness used less the required thickness, calculated at
ners rounded except where the surfaces are fully covered byhe applicable opening, considering all load conditions and
attachment welds. the corrosion allowance.

e. The material 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

3.7.1.8 With the approval of the purchaser, the shape andlower strength material is permissible as reinforcement as
dimensions of the shell reinforcing plates, illustrated in Fig- long as the neck material has minimum specified yield and
ures 3-4A, 3-4B, and 3-5 and dimensioned in the relatedtensile strengths not less than 70% and 80%, respectively, of
tables, may be altered as long as the thickness, length, anthe shell-plate minimum specified yield and tensile strengths.
width dimensions of the proposed shapes meet the area/Vhen the material strength is greater than or equal to the 70%
We|ding, and Spacing requirements outlined in 3.7.2. Rein- and 80% minimum Values, the area in the neck available for
forcement of shell openings that comply with API Standard reinforcement shall be reduced by the ratio of the allowable
620 are acceptable alternatives. This statement of permissiblgtress in the neck, using the governing stress factors, to the
alternatives of shell opening reinforcement does not apply to@llowable stress in the attached shell plate. No credit may be

flush-type cleanout fittings and flush-type shell connections. taken for the additional strength of any reinforcing material
that has a higher allowable stress than that of the shell plate.

3.7.1.9 The flange facing shall be suitable for the gasket Neck material that has a yield or tensile strength less than the
and bolting employed. Gaskets shall be selected to meet thg0% or 80% minimum values may be used, provided that no
service environment so that the required seating load is comneck area is considered as effective reinforcement.

patible with the flange rating and facing, the strength of the
flange, and its bolting. 3.7.2.3 The following portions of the neck of a fitting may

be considered part of the area of reinforcement, except where
prohibited by 3.7.2.2, item e:

3.7.1.7 The periphery of the insert plates shall have a 1:4
tapered transition to the thickness of the adjacent shell plates

3.7.2 Reinforcement and Welding

3.7.2.1 Openings in tank shells larger than required to @ The portion extending outward from the outside surface of

accommodate a NPS 2 flanged or threaded nozzle shall béhe tank shell plate to a distance equal to four times the neck-
reinforced. All shell-opening connections that require rein- Wall thickness or, if the neck-wall thickness is reduced within
forcement (for example, nozzles, manholes, and cleanouthis distance, to the point of transition.

openings) shall be attached by welds that fully penetrate théd. The portion lying within the shell-plate thickness.

shell; however, the partial penetration illustrated in Figure 3-c. The portion extending inward from the inside surface of
4B for insert-type reinforcement is permitted. The minimum the tank shell plate to the distance specified in item 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 Pl&¢,) Minimum Thickness of Bolting Flange After Finishlhg)
Liquid Level Equivalent
m (ft) Pressuré 500 mm (20 in.$00 mm (24 in.y50 mm (30 in.00 mm (36 in.) 500 mm (20 in.$00 mm (24 in.y50 mm (30 in.p00 mm (36 in.)

kPa (psi) Manhole Manhole Manhole Manhole Manhole Manhole Manhole Manhole
6.4 (21) 63 (9.1) 8%16) 10 @lg) 11 (1) 13 {/y) 6 1y 6 1y 8 (1) 10 @lg)
82(27) 80(11.7) 1C3) 11 (/1) 13 o) 14 @1 6 (ty) 8 (i1 10 Clg) 11 (/1)
9.8(32)  96(13.9) 103p) 11 (1) 14 @lhg) 16 €lg) 6 Uy) 8 (g 11 (1) 13 {/,)
12 (40)  118(17.4) 117(1¢) 13 (1) 16 @lg) 18 (Y1¢) 8 (/1) 10 @lg) 13 (1) 14 @lhg)
14 (45) 137 (19.5) 134) 14 Cl1¢) 16 Clg) 19 Gly) 10 @) 11 (/1) 13 U) 16 Clg)
16 (54) 157 (23.4) 134) 14 Cl1g) 18 Y1) 21 (349 10 @) 11 (11g) 14 Cl1g) 18 (Y1)
20(65) 196 (28.2) 18416) 16 @lg) 19 @ly) 22 (lg) 11 (19 13 {5) 16 @lg) 19 @ly)
23(75) 226 (32.5) 160g) 18 (Y1) 21 349 24 549 12.5 {/y) 14 @l1g) 18 (Y 21 349

aEquwalent pressure is based on water loading.
bFor addition of corrosion allowance, see 3.7.5.2.
Note: See Figure 3-4A.

Table 3-4—Dimensions for Shell Manhole Neck Thickness

Thickness of Shell and Minimum Neck Thickneds® t, mm (in.)
Manhole ReinforcingPlafe For Manhole Diameter  For Manhole Diameter  For Manhole Diameter  For Manhole Diameter

tandT 500 mm (20 in.) 600 mm (24 in.) 750 mm (30in.) 900 mm (36 in.)
5 Clp) 5 Cl1) 5 @l 5 @l1p) 5 Clg)
6 (U2) 6 (M) 6 ({4) 6 ({2) 6 ({2)
8 ®/1¢) 6 (g) 6 (g) 8 Cl19) 8 C19)
10 Clg) 6 (M) 6 (M) 8 (®/1¢) 10 Crg)
11 (116 6 (M) 6 ({a) 8 ®/1¢) 10 Crg)
12.5 ) 6 (M) 6 (M) 8 ®/16) 10 Clg)
14 @l1e) 6 (M) 6 (M) 8 ®/1¢) 10 Crg)
16 @lg) 6 (g) 6 (g) 8 Cl19) 10 Clg)
18 (Y1¢) 6 (M) 6 (M) 8 (®/1¢) 10 Clg)
19 @) 6 ({a) 6 ({a) 8 ®/1¢) 10 Crg)
21 ®319) 8 ®/16) 6 (M) 8 (®/1¢) 10 Clg)
22 ('lg) 10 @lg) 8 ®/16) 8 (®/1¢) 10 Crg)
24 (154 11 (1) 11 (1) 11 (1) 11 (1)
25 (1) 11 (/16) 11 (7/16) 11 (7/16) 11 (7/16)
27 (1) 11 (/1) 11 (1) 11 (1) 11 (1)
28 (11/3) 13 ('-/2) 13 ('-/2) 13 ('-/2) 13 ('-/2)
30 (1) 14 Clvg) 14 @19 14 P19 14 @1
32 (1) 16 () 14 @1 14 Cl1g) 14 Cl1g)
33 (1) 16 @lg) 16 ©lg) 16 ©lg) 16 Clg)
34 (Blg) 17 Y49 16 Clg) 16 (Blg) 16 (Clg)
36 (17/15) 17 (11/16) 17 (11/16) 17 ("1/16) 17 0'1/16)
40 (145) 19 @ly) 19 @la) 19 @) 19 @)

Af a shell plate thicker than required is used for the product and hydrostatic loading (see 3.6), the excess shell-ptatentiiihra vertical
distance both above and below the centerline of the hole in the tank shell plate equal to the vertical dimension ofttietholeshell plate,

may be considered as reinforcement, and the thicknefsthe 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 thickness is less than that shown in the column. The minimum neck thicknésstsiekhess of

the shell plate or the allowable finished thickness of the bolting flange (see Table 3-3), whichever is thinner, but ihatictltaseek in a

built-up manhole be thinner than the thicknesses given. If the neck thickness on a built-up manhole is greater thaml thenieguinethe

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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Dimension A = size of fillet weld A

L1.5 mm (V16"
() 4J-lO mm (3/s") maximum L
—|t [ |t [ ]t ] |t [=—
~— 7 7\ 7\
Shell ZASEURN //\
|: Hy(regular) /7 (see Note 2) 1at
Q - - -

iﬁﬁﬁl““ﬁﬁﬁl‘ﬂ‘ﬂ (see Note 2)
it <t ==

ESSNOOSNSNN

(low
type)

'

Bottom —*

SNv o <

Typea Typeb Typec Typed

THREADED-TYPE SHELL NOZZLES, NPS 3/4 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 The rules in 3.7.3.1 and 3.7.3.2 shall also apply to 3.7.4.2 When the shell material is Group |, II, lll, or llIA,
the bottom-to-shell joint unless, as an alternative, the insertall opening connections NPS 12 or larger in nominal diameter
plate or reinforcing plate extends to the bottom-to-shell joint j 5 shell plate or thickened insert plate more than 25 mm (1

g'ns?ahnégrgfeggsnl;[ n?t3a_|[r)]pr‘;’;}';“%i%g?ﬂg%gggisé nﬁe?r:rl'&utrgén.) thick shall be prefabricated into the shell plate or thick-
o:‘ a weld around :S\ rllo.r)lreinforced pleneltration (see 3.7.2.1)ened insert plate, .and th? Prefabricated assembly shallobe
and the toe of the shell-to-bottom weld. 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
3.7.3.4 By agreement between the purchaser and the manthickness prior to installation. The stress-relieving require-
ufacturer, circular shell openings and reinforcing plates (if ments need not include the flange-to-neck welds or other noz-
used) may be located in a horizontal or vertical butt-welded zje_.neck and manhole-neck attachments, provided the
shell joint provided that minimum spacing dimensions are following conditions are fulfilled:

met and a radiographic examination of the welded shell joint
is conducted (see Figure 3-6, Details a, ¢, and e). The welde@. The welds are outside the reinforcement (see 3.7.2.3).
shell joint shall be 100% radiographed for a length equal tob. The throat dimension of a fillet weld in a slip-on flange
three times the diameter of the opening, but weld seam beingjoes not exceed 16 m#igin.), or the butt joint of a weld-
removed need not be radiographed. Radiographic examinaing-neck flange does not exceed 19 mifa {n.). If the
tion shall be in accordance with 6.1.3 through 6.1.8. material is preheated to a minimum temperature of 90°C
374 Thermal Stress Relief (200°F) duringlwelding, thg weld limits of 16 mrfig(in.)

and 19 mm4 in.) may be increased to 32 mm and 38 mm
3.7.4.1 All flush-type cleanout fittings and flush-type shell (11/4in. and 1/2in.), respectively.
connections shall be thermally stress-relieved after assembly
prior to installation in the tank shell or after installation into 3.7.4.3 When the shell material is Group IV, IVA, V, or VI,
the tank shell if the entire tank is stress-relieved. The stresgll opening connections requiring reinforcement in a shell
relief shall be carried out within a temperature range of plate or thickened insert plate more than 12.5 rhmif.)
600°C to 650°C (1100°F to 1200°F) (see 3.7.4.3 for thick shall be prefabricated into the shell plate or thickened
quenched and tempered materials) for 1 hour per 25 mm (linsert plate, and the prefabricated assembly shall be thermally
in.) of shell thickness. The assembly shall include the bottomstress relieved within a temperature range of 600°C to 650°C
reinforcing plate (or annular plate) and the flange-to-neck (1100°F to 1200°F) for 1 hour per 25 mm (1 in.) of thickness
weld. prior to installation.
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Table 3-6—Dimensions for Shell Nozzles [mm (in.)]
Columnl Column 2 Column 3 Column 4 Column 5 Column 6 Colufn 7 Column & Column &
Nominal Diameter of Length of Side Minimum  Minimum Distance from Bottom
Thickness of Hole in of Reinforcing  Width of Distance from of Tank to Center of Nozzle
NPS Outside  Flanged Nozzle Reinforcing Plate® or Reinforcing Shell to Flange
(Size of Diameter of  Pipe Walf-b Plate Diameter Plate Face Regular Typ&  Low Type
Nozzle) Pipe th Dr L =D W J Hn C
Flanged Fittings
48 1219.2 (48) e 1222 (48) 2455 (96/,) 2970 (117) 400 (16) 1325 (52) 1230 48
46 1168.4 (46) e 1172 (&) 2355 (92/,) 2845 (112) 400 (16) 1275 (50) 1180 #4H
44 1117.6 (44) e 1121 (44) 2255(88/,) 2725 (10%,) 375 (15) 1225 (48) 1125 (34)
42 1066.8 (42) e 1070 (4R) 2155 (84/,) 2605 (10%/,) 375 (15) 1175 (46) 1075 (3R)
40 1016 (40) e 1019 (4Q) 2050 (8G/4) 2485 (9P, 375 (15) 1125 (44) 1025 (2Q)
38 965.2 (38) e 968 (38) 1950 (768/4) 2355 (92/,) 350 (14) 1075 (42) 975 (38)
36 914.4 (36) e 918 (36) 1850 (72/4) 2235 (88) 350 (14) 1025 (40) 925 B9
34 863.6 (34) e 867 (34) 1745 (68/4) 2115(83/,) 325 (13) 975 (38) 875 (34)
32 812.8 (32) e 816 (3%) 1645 (68/;) 1995 (78/,) 325 (13) 925 (36) 820 (3»)
30 762.0 (30) e 765 (3)  1545(6G/4) 1865 (73/;) 300 (12) 875 (34) 770 (3Q)
28 711.2 (28) e 714 (3%) 1440 (56/y) 1745(68/,) 300 (12) 825 (32) 720 (38)
26 660.4 (26) e 664 (26) 1340 (53/,) 1625 (64) 300 (12) 750 (30) 670 &9
24 609.6 (24) 12.7(0.50) 613(#4 1255 (49/,) 1525 (60) 300 (12) 700 (28) 630 24
22 558.8 (22) 12.7 (0.50) 562 g 1155 (48/;) 1405 (58/5) 275 (11) 650 (26) 580 (32)
20 508.0 (20) 12.7 (0.50) 511 3¢ 1055 (41/,) 1285 (56/,) 275 (11) 600 (24) 525 (30)
18 457.2 (18) 12.7 (0.50) 460 (49 950 (3%/5) 1160 (45/4) 250 (10) 550 (22) 475 (38)
16 406.4 (16) 12.7 (0.50) 410 (g 850 (33/,) 1035 (46/4) 250 (10) 500 (20) 425 (36)
14 355.6 (14) 12.7 (0.50) 359 g 750 (29/5) 915 (36) 250 (10) 450 (18) 375 G4
12 323.8 (1%, 12.7(0.50) 327 (1%2g) 685 (27) 840 (33) 225 (9) 425 (17) 345 453
10 273.0 (18, 12.7 (0.50) 276 (1) 585 (23) 720 (28,) 225 (9) 375 (15) 290 (11)
8 219.1 (8/g) 12.7(0.50) 222 (8,) 485 (19) 590 (28,) 200 (8) 325 (13) 240 {9))
6 168.3 (6/g)  10.97 (0.432) 171 ) 400 (1%/,)  495(19/) 200 (8) 275 (11) 200 {7p)
4 114.3 (4/,) 856 (0.337) 117 &) 305 (12) 385 (1Y,  175(7) 225 (9) 150 (6)
3 88.9 (3/,) 7.62(0.300) 92 @) 265 (16/,)  345(13/)  175(7) 200 (8) 135 {B,)
2f 60.3 (Blg) 5.54(0.218) 63X, — — 150 (6) 175 (7) i
1Y,f  48.3 (1.90) 5.08 (0.200) 51 (2) — — 150 (6) 150 (6) i
Threaded Fittings
3¢ 108.0 (4.250) Coupling 111.18%) 285 (114, 360 (1414 — 225 (9) 145 (%g)
2f 76.2 (3.000) Coupling 79.413) — — — 175 (7) i
31Y,f  63.5(2.500) Coupling 66.7 1R) — — — 150 (6) i
1f 445 (1.750) Coupling 47.6 (lb) — — — 125 (5) i
3, 35.0 (1.375) Coupling 38.11) — — — 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 gfrthgahell course.
CUnless otherwise specified by the purchaser, the nozzle shall be located at the minimum distance but shall also meeiding neddisp-

ments of 3.7.3.

dTheHy dimensions given in this table are for Appendix A tank designs only; refer to 3.7.3 to determine niifjjrfaurbasic tank designs.

€See Table 3-7, Column 2.

fFlanged nozzles and threaded nozzles in pipe sizes NPS 2 or smaller do not require reinforcing piéltbe.the diameter of the hole in the
shell plate, and Weld will be as specified in Table 3-7, Column 6. Reinforcing plates may be used if desired.
9A threaded nozzle in an NPS 3 requires reinforcement.
hany specified corrosion allowance shall, by agreement between the purchaser and the manufacturer, be added to eithethiskmessinal
shown or the minimum calculated thickness required for pressure head and mechanical strength. In no case shall thetiedcbedgss

than the nominal thickness shown.

iRefer to 3.7.3.
Note: See Figure 3-5.
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Table 3-9—Dimensions for Flush-Type Cleanout Fittings [mm (in.)]

Column1l Column2 Column3 Column4 Column5 Column6 Column7 Column8 Column9 Column10 Column 11

Arc Width  Upper  Upper Corner Flange
of Shell Corner Radius of Shell Edge Width& Bottom
Height of Width of Reinforcing Radius of Reinforcing Distance (Exceptat Flange Special 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) 3% 100 (4) 90 (3 80 (y) 22 20 8/y)
600 (24) 600(24) 1830(72) 300(12) 740 (29) 48401 100 (4) 95 (%, 90 (3 36 20 81y)
900 (36) 1200 (48) 2700 (106) 45@8) 1040 (41) 40 8,) 11544 120 (£1y) 110 (41y) 46 24 (1)
1200' (48) 1200 (48) 3200 (125) 600 (24) 1310¥51 40 (/) 115(4/») 125(5) 115 (&) 52 24 (1)

aFor neck thicknesses greater than 40 m¥h £1n.), increasds as necessary to provide a 1.5 mfqg(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 IV, IVA, V, and VI, 600 mm (24 in.).

donly for Group |, 11, 1l, or lIIA shell materials (see 3.7.7.2).

Note: See Figure 3-9.

When connections are installed in quenched and tem-3.7.4.6 When used in stress-relieved assemblies, the mate-
pered material, the maximum thermal stress-relieving tem-fial of quenched and tempered steels A 537, Cl 2 and A 678,

perature shall not exceed the tempering temperature for th&>rade B, and of TMCP steel A 841 shall be represented by

materials in the prefabricated stress-relieving assembly. Th Jest specimens that have been subjected to the same heat

. . Sreatment as that used for the stress relieved assembly.
stress-relieving requirements do not apply to the weld to the

bottom annular plate, but they do apply to flush-type 3.7.5 Shell Manholes
cleanout openings when the bottom reinforcing plate is ang 7 51 shell manholes shall conform to Figures 3-4A and

annular-plate section. The stress-relieving requirements3_4g and Tables 3-3 through 3-5 (or Tables 3-6 through 3-8),
need not include the flange-to-neck welds or other nozzle-put other shapes are permitted by 3.7.1.8. Manhole reinforc-
neck and manhole-neck attachments, provided the condiing plates or each segment of the plates if they are not made
tions of 3.7.4.2 are fulfilled. in one piece shall be provided with a 6 nify {n.) diameter

tell-tale hole (for detection of leakage through the interior
3.7.4.4 Inspection after stress relief shall be in accordancewelds). Each hole shall be located on the horizontal centerline
with 5.2.3.6. and shall be open to the atmosphere.

L . . . e 3.7.5.2 Manholes shall be of built-up welded construction.

3.7.4.5 When it s |mpr:i1ct|cal 1o ostre-ss. reheve- at a min g gimensions are listed in Tables 3-3 through 3-5. The

mum temperature of 600°C (1100°F), it is permissible, Sub- 4imensions are based on the minimum neck thicknesses listed

ject to the purchaser's agreement, to carry out the stressy Taple 3-4. When corrosion allowance is specified to be

relieving operation at lower temperatures for longer periods applied to shell manholes, corrosion allowance is to be added

of time in accordance with the following tabulation: to the minimum neck, cover plate, and bolting flange thick-
nesses of Tables 3-3 and 3-4.

3.7.5.3 The maximum diametelDp of a shell cutout shall
be as listed in Column 3 of Table 3-7. Dimensions for
required reinforcing plates are listed in Table 3-6.

Minimum Stress-Relieving

Temperature Holding Time
[hours per 25 mm See

(°C) (°F) (1in.) of thickness] Note 3.7.5.4 The gasket materials shall meet service requife-
ments based on the product stored, temperature, and| fire
600 1100 1 1 . . . - h .
resistance. Gasket dimensions, when used in conjundion
570 1050 2 1 with thin-plate flanges described in Figure 3-4A, have projen
540 1000 4 1 effective when used with soft gaskets, such as non-asbqstos
fiber with suitable binder. When using hard gaskets, suchy as
510 950 10 1,2 ; . /
_ ) solid metal, corrugated metal, metal jacketed, and spifal-
480 (min.) 900 (min.) 20 12 wound metal, the gasket dimensions, manhole flange,
- manhole cover shall be designed per API Standard 620, pec-
Notes: tions 3.20 and 3.21
1. For intermediate temperatures, the time of heating shall ) T ) ]
be determined by straight line interpolation. 3.7.5.5 In lieu of using Figure 3-4A or design per AHl
2. Stress relieving at these temperatures is not permitted for Standard 620, forged flanges and forged blind flanges may be

A 537, class 2 material. 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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PENETRATION WITHOUT REINFORCING PLATE
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PENETRATION WITH REINFORCING PLATE

Note: Dy = diameter of opening.

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.)]

Column1l Column2 Column3 Column4 Column5 Column 6 Column7 Column 8 Column9 Column 10
Size of Openindp x b (Heightx Width)
200x 400 (8x 16) 600x 600 (24x 24) 900x 1200 (36x 48) 1200x 1200 (48x 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 Equivalent Flange and Reinforcing  Flange and Reinforcing  Flange and Reinforcing  Flange and Reinforcing
m (ft) Pressuré Cover Plate  Plate Cover Plate  Platé Cover Plate  Platé! CoverPlate Platé¢ oo
H kPa (psi) te ty te 1y te ty tc ty
6.1(20) 60(8.7) 10%y) 13 o) 10 @lg) 13 o) 16 Clg) 21 349 16 Qlg) 22 ('lg)
10 (34) 98 (14.7) 10%y) 13 o) 13 (o) 13 Uo) 19 Gly) 25 (1) 21839 28 (1Ug)
12 (41) 118 (17.8) 1C) 13 {/y) 13 /) 14 Cl1g) 22 (lg) 28 (1¥g) 22 (lg) 30 (1)
16 (53) 157 (23) 10%(g) 13 o) 14 @1 16 Clg) 24 B9 32 (W) 25(1) 33 (P19
18 (60) 177 (26) 1174 13 o) 16 Clg) 18 (Y1) 25 (1) 33 (®l1g) 28 (1) 35 (Blg)
20(64) 196 (27.8) 11lwe) 13 o) 16 Clg) 18 (Y1) 27 (1) 35 (Blg) 28 (1) 36 (I'/1g)
22(72) 216(31.2) 11p) 13 {/y) 18 Y19 19 Gly) 28 (1g) 36 (I'/1g) 30 (1319 38 (1)

aequivalent pressure is based on water loading.
bMaximum of 25 mm (1 in.).
Maximum of 28 mm (¥gin.).

dMaximum of 38 mm (¥, in.).
eMaximum of 45 mm (34 in.).
Note: See Figure 3-9.

3.7.6 Shell Nozzles and Flanges 3.7.7 Flush-Type Cleanout Fittings

3.7.6.1 Shell nozzles and flanges shall conform to Figures 3.7.7.1 Flush-type cleanout fittings shall conform to the

3-4B, 3-5, and 3-7 and Tables 3-6 through 3-8, but otherrequirements of 3.7.7.2 through 3.7.7.12 and to the details
shapes are permitted by 3.7.1.8. Nozzle reinforcing plates olnd dimensions shown in Figures 3-9 and 3-10 and Tables 3-9
each segment of the plates if they are not made in one piecthrough 3-11. When a size intermediate to the sizes given in
shall be provided with a 6 mn4{ in.) diameter tell-tale hole. ~ Tables 3-9 through 3-11 is specified by the purchaser, the
Such holes shall be located substantially on the horizontalconstruction details and reinforcements shall conform to the
centerline and shall be open to the atmosphere. next larger opening listed in the tables. The size of the open-

. . . S ing or tank connection shall not be larger than the maximum
3.7.6.2 The details and dimensions specified in this stan- sjze given in the appropriate table.

dard are for nozzles installed with their axes perpendicular to

the shell plate. A nozzle may be installed at an angle other thai3.7.7.2 The opening shall be rectangular, but the upper cor-
90 degrees to the shell plate in a horizontal plane, provided thaers of the opening shall have a radius equal to one-half the
width of the reinforcing platé/ or Dy in Figure 3-5 and Table  greatest height of the clear opening. When the shell material
3-6) is increased by the amount that the horizontal chord of thds Group |, II, lll, or A, the width or height of the clear
opening cut in the shell platB{ in Figure 3-5 and Table 3-7)  opening shall not exceed 1200 mm (48 in.); when the shell
increases as the opening is changed from circular to ellipticaimaterial is Group 1V, IVA, V, or VI, the height shall not
for the angular installation. In addition, nozzles not larger than exceed 900 mm (36 in.).

NPS 3—for the insertion of thermometer wells, for sampling

connections, or for other purposes not involving the attach-3.7.7.3 The reinforced opening shall be completely preas-
ment of extended piping—may be installed at an angle of 15sembled into a shell plate, and the completed unit, including
degrees or less off perpendicular in a vertical plane withoutthe shell plate at the cleanout fitting, shall be thermally stress-
modification of the nozzle reinforcing plate. relieved as described in 3.7.4 (regardless of the thickness or

- . strength of the material).
3.7.6.3 The minimum thickness of nozzle neck to be used

shall be equal to the required thickness as identified by the3.7.7.4 The cross-sectional area of the reinforcement over
termt, in Table 3-6, Column 3. the top of the opening shall be calculated as follows:
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Note: The t, designated for weld thickness is the nominal pipe wall thickness (see Tables 3-6 and 3-7).

Figure 3-7—Shell Nozzle Flanges (See Table 3-8)
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Figure 3-8—Area Coefficient for Determining Minimum Reinforcement of Flush-Type Cleanout Fittings

where

Acs

cross-sectional area of the reinforcement over

the top of the opening, in n#(in.2),

area coefficient from Figure 3-8,

vertical height of clear opening, in mm (in.),

calculated thickness of the lowest shell course,

in mm (in.), required by the formulas of 3.6.3,

3.6.4, or A.4.1 but exclusive of any corrosion

allowance.

3.7.7.5 The thickness of the shell plate in the cleanout-
opening assembly shall be at least as thick as the adj t
shell plate in the lowest shell course. The thickness of fhe
shell reinforcing plate and the neck plate shall be the samg as
the thickness of the shell plate in the cleanout-openjng
assembly.

The reinforcement in the plane of the shell shall be provided
within a heightL above the bottom of the openihgshall not
exceed 1B except that, in the case of small openihgs,h
shall not be less than 150 mm (6 in.). Where this exception
results in ark that is greater than honly the portion of the
reinforcement that is within the height of L $hall be consid-
ered effective. The reinforcement required may be provided by
any one or any combination of the following:
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a. The shell reinforcing plate. thickness as defined in 2.5.5.3 using Table 2-3(a), Tabl¢ 2-
b. Any thickness of the shell plate in the cleanout-door 3(b), and Figure 2-1. Additionally, the yield strength and the1
assembly that is greater than the thickness of the adjaceriensile strength of the shell plate at the flush-type cleanouf fit-

plates in the lowest shell course. ting, the shell reinforcing plate, and the neck plate shalljbe
c. The portion of the neck plate having a length equal to theequal to, or greater than, the yield strength and the tersile
thickness of the reinforcing plate. strength of the adjacent lowest shell course plate material.

3.7.7.6  The minimum width of the tank-bottom reinforc- 3.7.7.9 The dimensions and details of the cleanout-opening
ing plate at the centerline of the opening shall be 250 mmassemblies covered by this section are based on internal
(10 in.) plus the combined thickness of the shell plate in thehydrostatic loading with no external-piping loading.

cleanout-opening assembly and the shell reinforcing plate. 3.7.7.10 When a flush-type cleanout fitting is installed on a

The minimum thickness of the bottom reinforcing plate shall tank that is resting on an earth grade without concrete or
be determined by the following equation: masonry walls under the tank shell, provision shall be made

to support the fitting and retain the grade by either of the fol-
In Sl units: lowing methods:

h2 b a. Install a vertical steel bulkhead plate under the tank, along
t, = mo+ 1—70«/% the contour of the tank shell, symmetrical with the opening,
' as shown in Figure 3-10, Method A.
where b. Install a concrete or masonry retaining wall under the tank
with the wall’s outer face conforming to the contour of the

ty, = minimum thickness of the bottom reinforcin e
b g tank shell as shown in Figure 3-10, Method B.

plate, in mm,
h = vertical height of clear opening, in mm, 3.7.7.11 Whe_n a flush-t_ype cleanout fittin_g is insta_llled ona
_ ) o tank that is resting on a ringwall, a notch with the dimensions
b = horizontal width of clear opening, in mm, shown in Figure 3-10, Method C, shall be provided to accom-
H = maximum design liquid level (see 3.6.3.2), in m. modate the cleanout fitting.
G = specific gravity, not less than 1.0. 3.7.7.12 When a flush-type cleanout fitting is installed on a
) tank that is resting on an earth grade inside a foundation
In US Customary units: retaining wall, a notch shall be provided in the retaining wall
, to accommodate the fitting, and a supplementary inside
L= h +£m reta?ning wall shall be_provi(_jed to support the fittir_lg a_md
14,000 310 retain the grade. The dimensions shall be as shown in Figure
3-10, Method D.
where
tp, = minimum thickness of the bottom reinforcing 3.7.8 Flush-Type Shell Connections
plate, (in.), e 3.7.8.1 Tanks may have flush-type connections at the lower
h = vertical height of clear opening, (in.), edge of the shell. Each connection may be made flush with the
b = horizontal width of clear opening, (in.), flat bottom under the following conditions (see Figure 3-11):
H = maximum design liquid level (see 3.6.3.2), (ft), a. The shell uplift from the internal design and test pressures
G = specific gravity, not less than 1.0. (see Appendix F) and wind and earthquake loads (see Appen-

dix E) shall be counteracted so that no uplift will occur at the

3.7.7.7 The dimensions of the cover plate, bolting flange, cYlindrical-shell/flat-bottom junction.

bolting, and bottom-reinforcing plate shall conform to Tables P- The vertical or meridional membrane stress in the cylindri-
3.9 and 3-10. cal shell at the top of the opening for the flush-type connection

shall not exceed one-tenth of the circumferential design stress
3.7.7.8 Al materials in the flush-type cleanout fitting in the lowest shell course containing the opening.
assembly shall conform to the requirements in Section 2. Thec. The maximum width, b, of the flush-type connection open-
shell plate containing the cleanout assembly, the shell reinding in the cylindrical shell shall not exceed 900 mm (36 in.).
forcing plate, the neck plate, and the bottom reinforcing plated. The maximum height, h, of the opening in the cylindrical
shall meet the impact test requirements of 2.2.9 and Figure 2-khell shall not exceed 300 mm (12 in.).
for the respective thickness involved at the stated design metaé. The thicknesst,, of the bottom transition plate in the
temperature for the tank. The notch toughness of the boltingassembly shall be 12.5 mA(in.) minimum or, when speci-
flange and the cover plate shall be based on the governindied, the same as the thickness of the tank annular plate.
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Table 3-11—Thicknesses and Heights of Shell Reinforcing Plates for Flush-Type Cleanout Fittings [mm (in.)]

Height of Shell Reinforcing Plate for

Thickness of Lowest Maximum Design Liquid Size of Opening) x b (Heightx Width)
Shell Cé)urse Le|\_|/eF mm (ft)
n:ﬁr?d(ft) m (ft) 200x 400 (8x 16) 600x 600 (24x 24) 900x 1200 (36x 48) 1200x 1200 (48x 48)
All <22(72) 350 (14) 915 (36) 1372 (54) 1830 (72)
Notes:

8Dimensiongy andL may be varied within the limits defined in 3.7.7.
b1200x 1200 (48« 48) flush-type cleanout fittings are not permitted for tanks with greater than 38tmin.Jlowest shell course thickness.

CSee 3.6.3.2.
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A
i 77
Nearest horizontal weld I ta
, 375 mm See Detail b
Shell plate at cleanout fitting = t (15") min for top and
/5|des
(See Note 5)—0—‘{— See Detalil a /%
! 125 mm
. . . (5")
See Detail b Reinforcing plate = t 4 |<—>
b (See Note 5)—
Onetelltale6 mm*«" -~ -7~ "7~ \
hole in reinforcing

plate at about
mid-height

Shell plate
of lowest
shell
course =t

r Flange bolt-hole _* h
c diameter = bolt c
diameter (see Table

N
[]

(%)

e = -
0) 3-11) + 3 mm (Y/s")
6 mm [ ] | b2 >
(ta") Equal spaces | @ 6(1215;1 Bottom
See Note 1) —» g 1T—- ,f—b f plate
(See Note 1) E R} B - ~ %I% 2 v v

-] i A
5 K-S B - | :
T b
f4/2 — 6 mm (4" l« Equal spaces | A -+ 6 mm
1 e

™ (M4")
150 mmi=-300 mm - W/2 arc dimensions |
(6") min  (12") min SECTION A-A
Notch as required to provide flush joint under shell ring (see Section D—D) )
it 175 mm (5 /—10 mm (3/s") thick
d “ |‘50 mm*| Grind radius on corner
FuII fillet T when weld is less than t 4
-4/ 40 mm (1112")1 7
(See Note 1) mm (3/16 -
g — " Lifing Lug [0 mmt(fll ") max
6 mm (1" - 40mm(11 )1 ’ (
"7 Vi
SECTION B-B (he") N Cover plate ENZnmi?
Detail a .
75 mm (3") radius . Detail b
Versine —
D 90 degrees — 30 degrees - ‘I I ‘ "I | .
“““““ e
1/, . 3, 16"
32 mm (1%4") min //\‘\’A/ ; f

32 mm-=| |-
(1Y4") min SN | (See Round / 1
Full i ;- I Note 1) ~ and grind (See Nto(tje 5)
ull-penetration
Weldp SECTION D-D 6%‘7 ty+ty+ 250 mm (10") .17~ Neck bevel shall be
: Y ") i) (see Note 2) o0 mm @) max] approximately 10 degrees
% SECTION C-C
(See Note 3) |‘ 11/4., -
min

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

1. Thickness of thinner plate joined [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 material shall meet service requirements based on product stored,
width as the annular plate. temperature and fire resistance.

3. When the difference between the thickness of the annular ring and 5. The thickness (tg) of the shell plate at the cleanout opening, the
that of the bottom reinforcing plate is less than 6 mm (Y/4 in.), the reinforcing plate, and the neck plate, shall be equal to or greater
radial joint between the annular ring and the bottom reinforcing than the thickness (t) of the shell plate of the lowest shell course.

Figure 3-9—Flush-Type Cleanout Fittings (See Tables 3-9, 3-10, and 3-11)
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-«— Cover plate
vf— Bottom reinforcing plate

}} S35 150 mm
% KA ane)
N/ 300'mm
(See (12") min

—
Detail a) {

Weld after
fitting is
installed
(see Note 1)

2.6 mm (4a)
(@VMA@VAJ/

6 mm (Y/4") min

L Inside of shell

[o2]

00 mm (24") min

WSAS. /%y

R
<

-a— Cover plate
Bottom reinforcing plate

(See (12") min |-
Detail b) +

100-300 mm (4-12")
Inside of shell

Y

600 mm (24") min

W + 900 mm (36") min

W + 900 mm (36") min
(see Table 3-9
for W values)

Concrete or masonry

Inside of shell at
centerline of opening

T

600 mm (24") min

(see Table 3-9
for W values)

Shell plate /4

Detail a

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

Inside of shell at
centerline of opening

600 mm (24") min

Detail b

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

-a— Cover plate
',— Bottom reinforcing plate

E . "
300mm &5

(12") min (
N

TP AP a0

(See Details
c and d)

7.
07
»
v
»
L4

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)

METHOD C-TANK RESTING ON CONCRETE RINGWALL (SEE NOTE 3)

over plate
Bottom reinforcing plate

A
el

(See 100-300 mm (4-12")
Detaile) y Inside of shell

| [--— O -—— Retaining wall

D > .

+1600 mm

(24" min*| tank and retaining wall to
C settle independently

from ringwall

i Ringwall:

RO S

\* » o
Y T4t w .
> e r 7L,

NN/

Alternative
notch detail

Construction joint, to permit

Notch to suit bottom reinforcing plate
Inside of shell at
centerline of opening

Ringwall notch

/

Ringwall .
Detail e

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

Class 150 Arc Width of Shell  Upper Corner Radius dfower Corner Radius of
Nominal Height Height of Opening Width of Opening Reinforcing Plate Opening Shell Reinforcing Plate
of Flange Size h b W r ro
8 200 (&) 200 (&Flg) 950 (38) 100 350 (14)
12 300 (18/4) 300 (13/,) 1300 (52) 158 450 (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 circular openings, this value will B of the ID based on the nozzle neck specified.
Note: See Figure 3-11.

3.7.8.2 The details of the connection shall conform to In Sl units:
those shown in Figure 3-11, and the dimensions of the con-
nection shall conform to Table 3-12 and to the requirements he

of 3.7.8.3 through 3.7.8.11. t, = m&% /AG o8

3.7.8.3 The reinforced connection shall be completely pre- where
assembled into a shell plate. The completed assembly, includ- t
ing the shell plate containing the connection, shall be
thermally stress-relieved at a temperature of 600°C to 650°C
(1100°F to 1200°F) for 1 hour per 25 mm (1 in.) of shell-plate
thicknessty (see 3.7.4.1 and 3.7.4.2).

minimum thickness of the bottom reinforcing
plate, in mm,

vertical height of clear opening, in mm,

horizontal width of clear opening, in mm,

h
b

3.7.8.4 The reinforcement for a flush-type shell connection H = maximum design liquid level (see 3.6.3.2), in m,
G

shall meet the following requirements:

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 tifght/2 (see 3.7.7.4). In US Customary units:
b. The thickness of the shell platg, for the flush-connec-

tion assembly shall be at least as thick as the adjacent shell

plate,t, in the lowest shell course.

c. The thickness of the shell reinforcing plate shall be the
same as the thickness of the shell plate in the flush-connec-

h? b
= —t —/ H 98
b 14,000 310 G

tion assembly. where

d. The reinforcement in the plane of the shell shall be pro- t, = minimum thickness of the bottom reinforcing
vided within a height L above the bottom of the opening. plate, (in.)

shall not exceed 1hBexcept that, in the case of small open- A

ings,L — h shall not be less than 150 mm (6 in.). Where this h = vertical height of clear opening, (in.),
exception results in ah that is greater than hbonly the b = horizontal width of cl . .

portion of the reinforcement that is within the height oh1.5 = horizontal width of clear opening, (in.),

shall be considered effective. H = maximum design liquid level (see 3.6.3.2), (ft),

e. The required reinforcement may be provided by any one oo .
or any combination of the following: (1) the shell reinforcing G = specific gravity, not less than 1.0.
plate, (2) any thickness of the shell plate in the assembly thatrhe minimum value d, shall be:

is greater than the thickness of the adjacent plates in the low- _

est shell course, and (3) the portion of the neck plate having a 16 MM Blgin.) forHG < 14.4 m (48 ft),

length equal to the thickness of the reinforcing plate. [T
f. The width of the tank-bottom reinforcing plate at the cen- 17 mm H1gin.) for 14.4 m (48 ft) HG < 16.8 m (56 1),

terline of the opening shall be 250 mm (10 in.) plus the 19 mm @/, in.) for 16.8 m (56 ft) +1G < 19.2 m (64 ft).
combined thickness of the shell plate in the flush-connection

assembly and the shell reinforcing plate. The thickness of theg. The minimum thickness of the nozzle neck and transition
bottom reinforcing plate shall be calculated by the following piecet,, shall be 16 mmP(gin.). External loads applied to the
equation (see 3.7.7.6): connection may requittg to be greater than 16 msigin.).

98
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Shell plate of
lowest shell
course =t

c =

Centerline of connection

Shell plate in
flush connection =t

375 mm (15") min

Reinforcing plate =t 4
See Section C-C

(Figure 3-11—
continued)

T

150 mm (6") min

One 6 mm (¥4") telltale
hole in reinforcing plate

at about mid-height
t, =16 mm (5/&") min —e|\ |-—

- b/2—m

x

|
|

\

=i

Full-penetration
weld

300 mm-
(6") min  (12") min

-/

Bottom reinforcing plate

W/2 arc dimensions ————————

C =

Notch as required to provide

flush joint

Bottom reinforcing plate

SECTION B-B

All joints approximately
90 degrees

| t—

'

Butt-weld —»
Nozzle transition to
circular flange

Butt-weld /—> §

Cent

erline

of connection

Note: Thickness of thinner plate joined 13 mm (Y5 in.) maximum.

Figure 3-11—Flush-Type Shell Connection

AV N\
(See note) +

Bottom plate

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

1 2t,+ 250 mm (10"

ty |

—

b

SECTION A-A



WELDED STEEL TANKS FOR OIL STORAGE 3-31

Round corner
Qwhen ty>38 mm (1/2")
Full-penetration weld

t

d
(38 mm [1%/2"] max)
' Bott_om Bottom
reinforcing transition

~— b/, (min) —» ! plate t, plate t,
td —-
i Round corner
L t, =16 mm (/6") min 211

4

Nozzle transition Centerline of

h - - - - - - - - nozzle flange and
shell opening
— 2t , + 250 mm (10") —» Bottom plate
+tb t,=13 mr;1 (*/2") min / Alternative
¥ ; E & P butt-weld detail
<7, L raoh .
1N ) f
See (1) 4 *

(/ Flanges per Table 3-10

Typical Detail for Connections with b=h

Bottom
transition
plate t,

Full-penetration

125 mm
~—— b/2 — 5
Round
coruner Back chip
when t, = and weld
38 mm (1%2") Bottom 6 mm
- reinforcing (M/4") min

plate t, 32 mm

(2%4") min
Full-penetration

weld
(See note)
< 30° 1t » =16 mm (/") min
; Nozzle transition Round corner
Centerline —t——- -
of nOZIZ|e (see 3.7.8.4, Item g)
flange h
— 2t , + 250 mm (10") —» Bottom plate
Nozzle neck _| l /%% ty y/
(see 3.7.8.4, | T~ * * a A
Item g) XN \{% W\ AN N
TN g A
4 !
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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assembly shall conform to the requirements in Section 2. Theplate material.
material of the shell plate in the connection assembly, the
shell reinforcing plate, the nozzle neck attached to the shell,in the shell and the circular pipe flange shall be designed in a
the transition piece, and the bottom reinforcing plate shall yanner consistent with the requirements of this standard.
011 conform to 2.2.9 and Figure 2-1 for the respective thicknessyhere this standard does not cover all details of design and
involved at the stated design metal temperature for the tankconstruction, the manufacturer shall provide details of design
The notch toughness of the bolting flange and the nozzle necland construction that will be as safe as the details provided by
attached to the bolting flange shall be based on the governinghis standard.

thickness as defined in 2.5.5.3 and used in Figure 2-1. Addi5 787 \Where anchoring devices are required by Appen-
tionally, the yield strength and the tensile strength of the shellgixes E and F to resist shell uplift, the devices shall be spaced
plate at the flush-type shell connection and the shell reinforc-so that they will be located immediately adjacent to each side
ing plate shall be equal to, or greater than, the yield strengttof the reinforcing plates around the opening.

3.7.8.5 All materials in the flush-type shell connection and the tensile strength of the adjacent lowest shell coIAr(§1e

3.7.8.6 The nozzle transition between the flush connection

Initial shell radius =R

elastic movement

|
Position of shell after :
|
|

Shell radius =R + AR

Height of bending
in shell varies with
tank radius and
thickness

Initial centerline
of connection

Angle of - Transition plate

rotation

Bottom

Centerline of
connection after
elastic movement
of shell

Inside diameter of shell

Notch to suit bottom reinforcing plate
Inside of shell at Inside of shell at
centerline of opening centerline of opening

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

Detail a Detail b

DETAILS OF NOTCH IN RINGWALL

Figure 3-12—Rotation of Shell Connection



WELDED STEEL TANKS FOR OIL STORAGE 3-39

vertical Plain or raised-face

Axis always Axis always /@
vertical

P slip-on welding, welding-neck,

or plate ring flange
@ I R § P 9 9 Alternative

—9—9/' He — Neck-to-Roof-Plate
5 mm s(mmv—@\ * / ¥

(316") ) v X (See note) N\ B '/?m ) Joint
ggfm === w\ B |

| G(l;nr;’l Roof plate | Roof plate
4
-———— DR§<‘— > ) ) ) —— D, —
D [T 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 3.9.6 Top Wind Girder
m (2 ft) below the top of the shell, the tank shall be provided
with a 64x 64x 4.8 mm (/5 x 21/, x 3/15in.) top curb angle

for shells 5 mm4gin.) thick, with a 76< 76 x 6.4 mm (3x
3x1/,in.) angle for shells more than 5 m#fy §in.) thick, or In Sl units:
with other members of equivalent section modulus.

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

_D’H,
3.9.3.3 Rings that may trap liquid shall be provided with Z= 17
adequate drain holes. where
3.9.3.4 Welds joining stiffening rings to the tank shell may Z = required minimum section modulus &m
cross vertical tank seam welds. Any splice weld in the ring D = nominal tank diameter (m),
shall be located a minimum of 150 mm (6 in.) from any verti- H, = height of the tank shell (m), including any free-

cal shell weld. Stiffening rings may also 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!n US Customary units:

weld spacing must be maintained. Z=0.0001D2 H,

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

where
3.9.4 stiffening Rings As Walkways . . .
Z = required minimum section modulus @).

A stiffening ring or any portion of it that is specified as a D = nominal tank diameter (ft),
walkway shall have a width not less than 600 mm (24 in.) H, = height of the tank shell (ft), including any free-
clear of the projecting curb angle on the top of the tank shell.

s board provided above the maximum filling
It shall preferably be located 1100 mm (42 in.) below the top height as a guide for a floating roof.

of the curb angle and shall be provided with a standard railing

on the unprotected side and at the ends of the section usel QQte: 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

a walkway. by multiplying the right side of the equation B¥X60 km/h¥, where

V equals the wind velocity in km/h\[{L0O0 mph} whereV 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-
. Squ_orts shall be PrOV'ded for all stiffening rings W_hen the ity may be used provided it is reported to the purchaser. For tank

dimension of the horizontal leg or web exceeds 16 times thediameters over 60 m (200 ft), the section modulus required by the

leg or web thickness. The supports shall be spaced at thequation may be reduced by agreement between the purchaser and

intervals required for the dead load and vertical live load; the manufacturer, but the modulus may not be less than that required

. . . or a tank diameter of 60 m (200 ft). (A description of the loads on
however, the spacing shall not exceed 24 times the width ofne tank shell that are included in the 160 km/h (100 mph) design

the outside compression flange. wind velocity can be found in item a of the note to 3.9.7.1.)

3.9.5 Supports For Stiffening Rings
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Table 3-16—Dimensions for Drawoff Sumps

Distance from  Thickness of Plates

Diameter of Sump  Depth of Sump Center Pipe to Shell in Sump Minimum Internal  Minimum Nozzle
mm (in.) mm (in.) m (ft) mm (in.) Pipe Thickness Neck Thickness

NPS B C t mm (in.) mm (in.)
2 610 (24) 300 (12) 1.118) 8 (Gl1g) 5.54 (0.218) 5.54 (0.218)
3 910 (36) 450 (18) 1.5 (5) 18/¢) 6.35 (0.250) 7.62 (0.300)
4 1220 (48) 600 (24) 2.1%6) 10 Clg) 6.35 (0.250) 8.56 (0.337)
6 1520 (60) 900 (36) 2.618) 11 (1) 6.35 (0.250) 10.97 (0.432)

Note: See Figure 3-16.

3.9.6.2 The section modulus of the stiffening 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
thicknesses below and, if applicable, above the shell-ring
attachment. When curb angles are attached to the top edge of
the shell ring by butt-welding, this distance shall be reduced t = as ordered thickness, unless otherwise speci-
by the width of the vertical leg of the angle (see Figure 3-20 fied, of the top shell course (mm),

and Table 3-20).

Hi = vertical distance, in m, between the intermedi-
ate wind girder and the top angle of the shell or
the top wind girder of an open-top tank,

) o . D = nominal tank diameter (m). | oo
3.9.6.3 When a stair opening is installed through a stiffen-

ing ring, the section modulus of the portion of the ring outside
the opening, including the transition section, shall conform to
the requirements of 3.9.6.1. The shell adjacent to the opening 3

shall be stiffened with an angle or a bar, the wide side of H, = 600,00Q %

which is placed in a horizontal plane. The other sides of the

opening shall also be stiffened with an angle or a bar, thewhere

wide side of which is placed in a vertical plane. The cross-

sectional area of these rim stiffeners shall be greater than or Hi = vertical distance, in ft, between the intermediate
equal to the cross-sectional 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.

In US Customary units:

t = as ordered thickness, unless otherwise speci-

o fied, of the top 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 regP'aV ring _SeCt'O_nS' _The end stiffening mem-pqte: This formula is intended to cover tanks with either open tops
bers shall frame into the side stiffening members, and the endr closed tops and is based on the following factors (for the back-
and side stiffening members shall be connected to ensure thajround for the factors given in this note, see R. V. McGrath's “Sta-
their full strength is developed. Figure 3-21 shows the open-bility of API Standard 650 Tank Shells"}:

ing described above. Alternative details that provide a loagl-a. A design wind velocity\) of 160 km/h (100 mph), which
carrying capacity equal to that of the girder cross sectionimposes a dynamic pressure of 1.23 kPa (25.63bfffhe velocity

away from the opening may be provided. is increased by 10% for either a height above ground or a gust fac-
tor; thus the pressure is increased to 1.48 kPa (312)biAn
3.9.7 Intermediate Wind Girders additional 0.24 kPa (5 IbfA} is added to account for inward drag

associated with open-top tanks or for internal vacuum associated
3.9.7.1 The maximum height of the unstiffened shell shall with closed-top tanks. A total of 1.72 kPa (36 IBj/fs obtained.
be calculated as follows: 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 groun#ll; may be modified for other
Dt_DS wind velocities, as specified by the purchaser, by multiplying the

(o

In Sl units:

H, = 9.47t

13R. V. McGrath, “Stability of API Standard 650 Tank Shells,”
Proceedings of the American Petroleum Institute, Section Ill—
Refining American Petroleum Institute, New York, 1963, Vol. 43,
pp. 458-469.
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L 25 mm
7 (1)
X
16t
16t
(
A v
t = [ t — |-
Detail a Detail b
16t
Detail ¢
16t
t —e |-—
16t

Detail d Q
16t
65 mm (21/2") t =
"
m
N——
150 mm (6")
16t
6 mm (4"
%, r (Ma")
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 Stiffening-Ring Sections for Tank
Shells (See Table 3-20)

3.10.2.5.2 Deleted o1

3.10.2.5.3 When a frangible joint is specified by the pur-
chaser, the cross-sectional area of the roof-to-shell junction,
A, shall not exceed the following:

In Sl units:
_ W
A = T390tans
In US Customary units:
W

A = 361.000tane

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

All members in the region of the roof-to-shell junction,
including insulation rings, shall be considered as contributing
to the cross-sectional area. When a frangible joint is specified,
the top angle may be smaller than that required by item e of
3.1.5.9.

3.10.2.6 For all 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.

3.10.2.7 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.

3.10.2.8 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 AR &ci-
fication for Structural Steel Buildings 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 allowable 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 (1/4) 8 (5/16) 10 (3/8) 11 (7/16)
Top Angle: Figure 3-20, Detail a
64%x 64%6.4 Ao x 24y x 1, 6.86 (0.41) 7.01 (0.42) — — —
64%x64%x7.9 A5 x 2Y, x5 q 8.30 (0.51) 8.48 (0.52) — — —
76x76%x9.5 3x3x3g 13.80 (0.89) 14.10 (0.91) — — —
Curb Angle: Figure 3-20, Detail b
64%x64%6.4 Ay x 24, x 1, 27.0 (1.61) 28.3(1.72) — — —
64x 64x7.9 Ao x 24, x 16 31.1(1.89) 32.8 (2.04) — — —
76x76% 6.4 3x3x1, 38.1(2.32) 39.9 (2.48) — — —
76x76%x9.5 3x 3x g 43.0 (2.78) 52.6 (3.35) — — —
102x 102x 6.4  4x4x1, 57.6 (3.64) 71.4 (4.41) — — —
102x 102x 9.5  4x4x3/g 65.6 (4.17) 81.4 (5.82) — — —
One Angle: Figure 3-20, Detail c (See Note)
64 x 64% 6.4 Ao x 21, x 1, 28.5 (1.68) 29.6 (1.79) 31.3(1.87) 32.7 (1.93) 33.4 (2.00)
64x64%x7.9 Ao x 215 x 56 33.1(1.98) 34.6 (2.13) 36.9 (2.23) 38.7 (2.32) 39.5 (2.40)
102x 76 6.4 4x 3x 1, 58.3 (3.50) 60.8 (3.73) 64.2 (3.89) 66.6 (4.00) 67.7 (4.10)
102x 76x 7.9 4% 3% 5q 68.3 (4.14) 71.6 (4.45) 76.2 (4.66) 79.4 (4.82) 80.8 (4.95)
127x76x 7.9 5x 3x Y4 90.7 (5.53) 95.2 (5.96) 102.0 (6.25) 106.0 (6.47) 108.0 (6.64)
127x89x% 7.9 5% 35 x 514 101.0 (6.13) 106.0 (6.60) 113.0 (6.92) 118.0 (7.16) 120.0 (7.35)
127x89x 9.5 5x 3l x g 116.0 (7.02) 122.0 (7.61) 131.0 (8.03) 137.0 (8.33) 140.0 (8.58)
152x 102x 9.5  6x4x3/g 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 76x 7.9 4% 3% 5q 186 (11.27) 191 (11.78) 200 (12.20) 207 (12.53) 210 (12.81)
102x 76x 9.5 4x 3x3g 216 (13.06) 222 (13.67) 233 (14.18) 242 (14.60) 245 (14.95)
127x76x 7.9 5x 3x 94 254 (15.48) 262 (16.23) 275 (16.84) 285 (17.34) 289 (17.74)
127x76x 9.5 5x 3x3/g 296 (18.00) 305 (18.89) 321 (19.64) 333 (20.26) 338 (20.77)
127x89x% 7.9 5x 3Y5 x 5/ 279 (16.95) 287 (17.70) 300 (18.31) 310 (18.82) 314 (19.23)
127x89x% 9.5 5x 3Y5 x 3/g 325 (19.75) 334 (20.63) 350 (21.39) 363 (22.01) 368 (22.54)
152x 102x 9.5 6x4x3/g 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 c 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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Shell horizontal butt-weld ﬁ

Shell vertical

c butt-weld :

Bottom plates or annular plates -7

Note:
R-MH/N = Reinforced Opening (manhole or nozzle with diamond shape reinforcing plate, see Figure 3-4A and 3-5).
LTR-N = Low Type Reinforced Opening (nozzle with tombstone shape reinforcing plate, see Figure 3-5, Detail a and b).
R-N = Reinforced Opening (manhole or nozzle with circular reinforcing plate or thickened insert plate, see Figure 3-5).
S-N = Non-Reinforced Opening (manhole or nozzle inserted into the shell per the alternate neck detail of Figure 3-4B).
Variables Referenge Minimum Dimension Between Weld Toes or Weld Centerline (1)(3)
Shellt Condition | Paragraph A(2) B (2) C (2 D (4) E (2) F (5) G (5)
Number
t<12.5mm As 3.7.3.2] 150 mm (6 in.)] 75 mm (3in. 75 mm (3in.)
(t<¥in) | welded or 25t or 25t
or 3.7.33 75 mm (31in.)
PWHT or 24/t
3.7.3.3 75 mm (3in.)
for S-N
3.7.33 Table 3-6)
* 3.7.34 8torlpr
* 3.7.34 8t
t>12.5mm As 3.7.3.1.8 8Wor 8Wor
(t>%Yin) | Welded 250 mm (10 in.)250 mm (10 in,
3.7.3.1b 8Wor
150 mm (6 in.
3.7.33 8Wor
250 mm (10 in,
3.7.3.3 75 mm (3in.)
for S-N
3.7.3.3 Table 3-6 8torl/yr
* 3.7.34 8t
* 3.7.34
t>125mm| PWHT 3.7.3.2] 150 mm (6 in.)| 75 mm (3 in. 75 mm (3in.)
(t>%5in.) or 25t or 25t
3.7.3.3 75 mm (3in.)
or 21/2t
3.7.33 75 mm (31in.)
for S-N
3.7.33 Table 3-6)
* 3734 8torlyr
* 3.7.34 8t
Notes:
1. If two requirements are given, the minimum spacing is the greater value, except for dinféhSee ‘hote 5.
2.t = shell thickness.\& = 8 times the 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. Spacirgt e 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 allow shell openings to be located in horizontal or vertical shell butt-welds. See Figure 3-6.
t = shell thickness, = radius of opening. Minimum spacing for dimensfois the lessor oftgr /5 r.

Figure 3-22—Minimum Weld Requirements for Openings in Shells According to Section 3.7.3
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3.10.5.2 The participating area at the roof-to-shell junction In Sl units:
shall be determined using Figure F-2 and shall equal or

. . r,
exceed the following: Minimum thickness >4 +C.A25mm
In Sl units: Maximum thickness = 12.5 mm, exclusive of corrd-
, sion allowance %8
D—_ where
0.432sin6
D = nominal diameter of the tank shell,
where .
) ) rr = roof radius, in m.
6 = angle of the cone elements to the horizontal, in

degrees, Note: When the sum of the live and dead loads exceeds 2.2 kPa, the

. . . minimum thickness shall be increased by the following ratio:
D = nominal diameter of the tank shell in m.

. . live load+ dead loac
The area calculated from the expression above is based on T >okPa
the nominal material thickness less any corrosion allowance.

In US Customary units:
Note: When the sum of the live and dead loads exceeds 2.2 kPa, the y

maximum cross-sectional area of the top angle shall be increased by r
the following ratio: Minimum thickness 05 TCA 310N,
wcj Maximum thickness %/, in., exclusive of corrosion

o allowance.

In US Customary units: where
D2 D = nominal diameter of the tank shell (ft),

3000sin@ rr = roof radius, (ft).
where Note: When the sum of the live and dead loads exceeds 45tigft

minimum thickness shall be increased by the following ratio:

D
Il

angle of the cone elements to the horizontal, in

degrees, flive load+ dead loac
2
D = nominal diameter of the tank shell (ft). 45 Ibffft

3.10.6.2 The participating area, in minat the roof-to-
shell junction shall be determined using Figure F-2, and shall
equal or exceed the following:

The area calculated from the expression above is based o
the nominal material thickness less any corrosion allowance.

Note: When the sum of the live and dead loads exceeds 48, Ibf/ft )
the maximum cross-sectional area of the top angle shall be increaseth S| units:

by the following ratio: Dr
r
live load+ dead load 0.216
45 Ibf/ft? The area calculated from the expression above is based on
the nominal material thickness less any corrosion allowance.
3.10.6 Self-Supporting Dome and Umbrella Roofs 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
Note: Self-supporting roofs whose roof plates are stiffened by sec-io following ratio:

tions welded to the plates need not conform to the minimum thick-

ness requirements, but the thickness of the roof plates shall not be live load+ dead load
less than 5 mn¥{ygin.) when so designed by the manufacturer, sub- 2.2 kPa

ject to the approval of the purchaser.

3.10.6.1 Self-supporting dome and umbrella roofs shall In US Customary units:

conform to the following requirements: The participating area, in f.at the roof-to-shell junction
shall be determined using Figure F-2 and shall equal or
Minimum radius = 0.B (unless otherwise specified ~ €xceed the following:
by the purchaser) Dr,

Maximum radius = 12 1500
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The area calculated from the expression above is based ofL00 mph). For structures designed for wind velocities other
the nominal material thickness less any corrosion allowance. than 160 km/h (100 mph), the wind loads specified above

shall be adjusted in proportion to the following ratio:
Note: When the sum of the live and dead loads exceeds 48, Ibf/ft ) prop 9

the maximum cross-sectional area of the top angle shall be increaseﬂ1 S| units:
by the following ratio: ’

(V / 160

live load+ dead load
45 bt/ where

V = wind velocity, in km/h, as specified by the purchaser.
3.10.7 Top-Angle Attachment for Self-Supporting

Roofs In US Customary units:

3.10.7.1 Information and certain restrictions on types of (V /100%
top-angle joints are provided in item c of 3.1.5.9. Details of where

elding are provided in 5.2.
welding provi ! V = wind velocity, in mph, as specified by the purchaser.

3.10.7.2 At the option of th‘? manufactgrer, the edges of the Note: When the wind velocity is not specified, the maximum wind
roof plates for self-supporting roofs, including the cone, velocity to avoid overturing instability shall be calculated and
dome, and umbrella types, may be flanged horizontally to reskeported to the purchaser.

flat against the top angle to improve welding conditions. 3.11.2 For an unanchored tank, the overturning moment

i from wind pressure shall not exceed two-thirds of the dead-
3.10.8 TankVenting load resisting moment, excluding any tank contents, and shall
3.10.8.1 Tanks designed in accordance with this standard be calculated as follows:
and having a fixed roof shall be vented for both normal condi-

tions (resulting from operational requirements and atmo- M < 20w

spheric changes) and emergency conditions (resulting from 32U

exposure to an external fire). Tanks with both a fixed roof and

a floating roof satisfy these requirements when they complywhere

with the circulation venting requirements of Appendix H. All M = overturning moment from wind pressure, in

other tanks designed in accordance with this standard and N-m (ft-Ibf),
having a fixed roof shall meet the venting requirements of

310.8.2 and 3.10.8.3. W = shell weight available to resist uplift, less any

corrosion allowance, plus dead weight sup-

3.10.8.2 Normal venting shall be adequate to prevent inter- ported by the shell minus simuitaneous uplift
from operating conditions such as internal pres-

nal or external pressure from exceeding the corresponding sure on the roof, in N (Ibf),
tank design pressures and shall meet the requirements speci- , )
fied in AP Standard 2000 for normal venting. D = tank diameter, in m (ff).

3.11.3 When anchors are required, the design tension load

3.10.8.3 Emergency venting requirements are satisfied if per anchor shall be calculated as follows:

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 AM W
equipped with pressure relief devices adequate to prevent B~ 4N N
internal pressure from exceeding the tank design pressure and

meeting the requirements specified in APl Standard 2000 foryhere

emergency venting. . ) .
tg = design tension load per anchor, in N (Ibf),
3.11 WIND LOAD ON TANKS (OVERTURNING d = diameter of the anchor circle, in m (ft),
STABILITY) _
N = number of anchors.

3.11.1 When specified by the purchaser, overturning stabil-

ity shall be calculated using the following procedure: The Anchors shall be spaced a maximum of 3 m (10 ft). The
wind load or pressure shall be assumed to be 1.4 kPa (30 |bf¢l!owable tensile stress for anchors shall be in accordance
t2) on vertical plane surfaces, 0.86 kPa (18 Bfén pro-  With Appendix F.

jected areas of cylindrical surfaces, and 0.72 kPa (159)bf/ft 3.11.4 Unless otherwise required, tanks that may be subject
on projected areas of conical and double-curved surfacesto sliding due to wind shall use a maximum allowable slidi
These wind pressures are based on a wind velocity 160 km/Hriction of 0.40 multiplied by the force against the tank bottor.
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SECTION 4—FABRICATION

4.1 GENERAL 4.1.4 Marking

4.1.1 Workmanship All special plates that are cut to shape before shipment as
well as roof-supporting structural members shall be marked

4.1.1.1 All work of fabricating API Standard 650 tanks as shown on the manufacturer’s drawings.

shall be done in accordance with this standard and with the

permissible alternatives specified in the purchaser’s inquiry or4.1.5 Shipping

order. The workmanship and finish shall be first class in every Plates and tank material shall be loaded in a manner that
respect and subject to the closest inspection by the manUfaCénsures delivery without damage. Bolts, nuts, nipples, and

turer’s inspector even if the purchaser has waived any part OBther small parts shall be boxed or put in kegs or bags for
the inspection. shipment

4.1.1.2 When material requires straightening, the work

shall be done by pressing or another noninjurious methog4-2 SHOP INSPECTION

prior to any layout or shaping. Heating or hammering is n@t4 2.1 The purchaser’s inspector shall be permitted free
permissible unless the material is maintained at forging tem-entry to all parts of the manufacturer’s plant that are con-

perature during straightening. cerned with the contract whenever any work under the con-
tract is being performed. The manufacturer shall afford the
4.1.2 Finish of Plate Edges purchaser’s inspector, all reasonable facilities to assurgothe

inspector that the material is being furnished in accordance
The edges of plates may be sheared, machined, chipped, atith this standard. Also, the manufacturer shall furnish, sfn-
machine gas cut. Shearing shall be limited to plates less thaples or specimens of materials for the purpose of qualifying
or equal to 10 mm3(g in.) thick used for butt-welded joints  welders in accordance with 7.3.
and to plates less than or equal to 16 rpigif.) thick used Unless otherwise specified, inspection shall be made at the
for lap-welded joints. place of manufacture prior to shipment. The manufacturer

. N shall give the purchaser ample notice of when the mill will
Note: With the purchaser’s approval, the shearing limitation on

plates used for butt-welded joints may be increased to a thicknesgoII the,plgtes and when fabrication will begin Sc.) that the pur-
less than or equal to 16 mig(in.). chaser’s inspector may be present when required. The usual

mill test of plates shall be deemed sufficient to prove the qual-

When edges of plates are gas cut, the resulting surfacegyy of the steel furnished (except as noted in 4.2.2). Mill test
shall be uniform and smooth and shall be freed from scalereports or certificates of compliance, as provided for in the
and slag accumulations before welding. After cut or shearedmaterial specification, shall be furnished to the purchaser

edges are wire brushed, the fine film of rust adhering to thepnly when the option is specified in the original purchase
edges need not be removed before welding. Circumferentialorder that they be provided.

edges of roof and bottom plates may be manually gas cut. . . )
4.2.2 Mill and shop inspection shall not release the manu-

facturer from responsibility for replacing any defective mate-
rial and for repairing any defective workmanship that may be

Shell plates shall be shaped to suit the curvature of thed|scovered in the field.

tank and the erection procedure according to the following4.2.3 Any material or workmanship that in any way fails to
schedule: meet the requirements of this standard may be rejected by the
purchaser’s inspector, and the material involved shall not be

4.1.3 Shaping of Shell Plates

Nominal Plate Thickness Nominal Tank Diameter used under the contract. Material that shows injurious defects
mm (in.) m (ft) . : .
subsequent to its acceptance at the mill, subsequent to its
216 Clg) All acceptance at the manufacturer's works, or during erection
From 13 {/5) to < 16 Blg) < 36 (120) and teg'ging of thg tgnk vyi_ll be reject_ed. The m_anufacturer_ will
From 10 flg) to < 13 &) <18 (60) be nOtIerd' of this in writing and will be required to furnish
new material promptly and make the necessary replacements
From 5 §/1¢) to < 10 f/g) <12 (40) or suitable repairs.

4-1
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SECTION 5—ERECTION

5.1 GENERAL 5.2.1.3 Each layer of weld metal or multilayer welding
shall be cleaned of slag and other deposits before the next

5.1.1 The subgrade for receiving the tank bottom shall be ; )
éayer is applied.

provided by the purchaser, unless otherwise specified on th
purchase order, and shall be uniform and level. 5.2.1.4 The edges of all welds shall merge with the surface
5.1.2 The manufacturer shall furnish all labor, tools, weld- of the plate without a sharp angle. For vertical butt joints, the
ing equipment and cables, falsework, scaffolding, and otherMaXimum acceptable undercutting is 0.4 mifgy(in.) of the
equipment necessary for erecting tanks that are complete an§@e metal. For horizontal butt joints, undercutting not
ready for use. Power for welding shall be supplied by the €xceeding 0.8 mmifin.) in depth is acceptable.

manufacturer unless other arrangements are stated in the pug 5 1 5 The reinforcement of the welds on all butt joints on
chase order. each side of the plate shall not exceed the following thick-
5.1.3 Paint or foreign material shall not be used between Nesses:

surfaces in contact in the construction of the tank proper,

except as permitted by 5.2.1.9. Maximum Reinforcement Thickness

: mm (in.)
. ) L Plate Thickness
5.1.4 Paint or other protection for structural work inside mm (inches) Vertical Joints Horizontal Joints
and outside of the tank shall be as specified on the purchase
order and shall be applied by competent workers. <13 (/) 2.5 (132) 3 (g) | 00

5.1.5 Lugs attached by welding to the exterior of the tank >13€)025(1) 3te) 5 €
for the purpose of erection only shall be removed, and any> 25 (1) 58/16) 6 (1a)
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.

The reinforcement need not be removed except to the
extent that it exceeds the maximum acceptable thickness or

52 DETAILS OF WELDING unless its removal is required by 6.1.3.4.

521 General 5.2.1.6 During the welding operation, plates shall be held

in close contact at all lap joints.
5.2.1.1 Tanks and their structural attachments shall be

welded by the shielded metal-arc, gas metal-arc, gas tusg®-2-1.7 The method proposed by the manufacturer for
sten-arc, oxyfuel, flux-cored arc, submerged-arc, electroslagholding the plates in position for welding shall be submitted
or electrogas process using suitable equipment. Use of th&0 the purchaser’s inspector for approval if approval has not
oxyfuel, electroslag, or electrogas process shall be by agreealready been given in writing by the purchaser.
ment between the manufacturer and the purchaser. Use of thg2 18 Tack welds used during the assemblv of vertical
oxyfuel process is not permitted when impact testing of the. . 9 y .
S . : .~ joints of tank shells shall be removed and shall not remain in
material is required. All tank welding shall be performed in L o o
g . . . the finished joints when the joints are welded manually.
accordance with the requirements of Section 7 of this stan- e
dard and welding procedure specifications as described iriN hen such joints are welded by the submerged-arc-process,
Section IX of the ASME Code. Welding shall be performed in bh? tackdwelf[jz shall be tgq]r?rtljghly cleaneg of g" WeL?]mg slar?l
a manner that ensures complete fusion with the base metal. utneed not be removed IThey are sound and are thoroughly
fused into the subsequently applied weld beads.
5.2.1.2 No welding of any kind shall be performed when  \whether tack welds are removed or left in place, they shall
the surfaces of the parts to be welded are wet from rain, snowhe made using a fillet-weld or butt-weld procedure qualified
or ice; when rain or snow is falling on such surfaces; or duringi, accordance with Section IX of the ASME Code. Tack
periods of high winds unless the welder and the work are propyelds to be left in place shall be made by welders qualified in
erly shielded. Also, no welding of any kind shall be performed 5ccordance with Section IX of the ASME Code and shall be

when the temperature of the base metal is less than —20°Gisally examined for defects, which shall be removed if
(0°F). When the temperature of the base metal is —20°C 0 0°Goyng (see 6.5 for criteria for visual examination).

(O°F to 32°F) or the thickness of the base metal is in excess of

32 mm (/4 in.), the base metal within 75 mm (3 in.) of the 5.2.1.9 If protective coatings are to be used on surfaces to
place where welding is to be started shall be heated to a tembe welded, the coatings shall be included in welding-proce-
perature warm to the hand (see 5.2.3.4 for preheat requiredure qualification tests for the brand formulation and maxi-
ments for shell plates over 38 mnd/plin.] thick). mum thickness of coating to be applied.

5-1
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5.2.1.10 Low-hydrogen electrodes shall be used for man- 5.2.3.5 The requirements of this section shall be followga®1
ual metal-arc welds, including the attachment of the first shellwhen welding to Group 1V, IVA, V, and VI materials. Permg-
course to bottom or annular plates, as follows: nent and temporary attachments (see 5.2.1.10 for informagion
on shell-to-bottom welds) shall be welded with low-hydroggn
electrodes. Both permanent and temporary attachments ghall
be welded in accordance with a procedure that minimizesjthe
potential for underbead cracking. The need for preheat ghall
be considered when the procedure is selected either for wWeld-
522 Bottoms ing thick plates or for welding during low atmospher_ic terp-
) perature. The welds of permanent attachments (not inclugiog
5.2.2.1 After the bottom plates are laid out and tacked, they ghe|-to-bottom welds) and areas where temporary attdch-
shall be joined by welding the joints in a sequence that thements are removed, shall be examined visually and by eifher
manufacturer has found to result in the least distortion fromne magnetic particle method or the liquid penetrant method

shrinkage and thus to provide as nearly as possible a plangsee 6.2, 6.4, or 6.5 for the appropriate inspection criteria)
surface.

a. For all welds in shell courses greater than 12.5 ¥rin()
thick made of material from Groups I-lIl.

b. For all welds in all shell courses made of material from
Groups IV-VI.

5.2.3.6 Completed welds of stress-relieved assemblles

5.2.2_.2 The welding of the shell tc_) the bottom _s_haII be ghall be examined by visual, as well as by magnetic parfcie
practically completed before the welding of bottom joints that or penetrant methods, after stress relief, but before hydiro-
may have been left open to compensate for shrinkage of any;- - ast.

welds previously made is completed.
5.2.3.7 Flush-type connections shall be inspected accord-

5.2.2.3 Shell plates may be aligned by metal clips attaChedéng t03.7.8.11.

to the bottom plates, and the shell may be tack welded to th
bottom before continuous welding is started between the bots
tom edge of the shell plate and the bottom plates. 5.24  Shell-To-Bottom Welds

e 5241 The initial weld pass inside the shell shall have
5.2.3 Shells all slag and non-metals removed from the surface of the
5231 Plates to be joined by butt welding shall be weld and then examined for its entire circumference prior

matched accurately and retained in position during the weld-1© Welding the first weld pass outside the shell (temporary
ing operation. Misalignment in completed vertical joints for Weld fit-up tacks excepted), both visually and by one of
plates greater than 16 mffg(in.) thick shall not exceed 10% € following methods to be agreed to by purchaser and

of the plate thickness or 3 mrigin.), whichever is less; ~Mmanufacturer:
m?salignment for plates less thap or equal to 16 Rignir(.) a. Magnetic particle.
thick shall not exceed 1.5 mrs in.). b. Applying a solvent liquid penetrant to the weld and then

5.2.3.2 In completed horizontal butt joints, the upper plate @Pplying a developer to the gap between the shell and the bot-
shall not project beyond the face of the lower plate at anytom and examining for leaks after a minimum dwell time of
point by more than 20% of the thickness of the upper plate,0ne hour.

with a maximum projection of 3 mm/§ in.); however, for ~ C- Applying a water soluble liquid penetrant to either side of

upper plates less than 8 mf§ in.) thick, the maximum  the joint and then applying a developer to the other side of the
projection shall be limited to 1.5 mrH{g in.). joint and examining for leaks after a minimum dwell time of

. . one hour.
5.2.3.3 The reverse side of double-welded butt joints shall d. Applying a high flash point penetrating oil such as light

be thoroughly cleaned in a manner that will leave the exposeddi'esel to the gap between the shell and the bottom, letting
surface satisfactory for fusion of the weld metal to be added'stand for at least four hours, and examining the weld for evi-
prior to the application of the first bead to the second Side'dence of wicking

This cleaning may be done by chipping; grinding; melting

out; or where the back of the initial bead is smooth and freeNote: Residual oil may remain on the surfaces yet to be welded even

from crevices that might entrap slag, another method that after the cleaning required below and contamination of the subse-
S L ’ ‘quent weld is possible.

upon field inspection, is acceptable to the purchaser.

e. Applying a bubble-forming solution to the weld, using a

5.2.3.4 For circumferential and vertical joints in tank shell .
right angle vacuum box, and examining for bubbles.

courses constructed of material more than 38 mif (d.)
thick (based on the thickness of the thicker plate at the joint), Thoroughly clean all residual examination materials from

multipass weld procedures are required, with no pass ovethe as yet to be welded surfaces and from the unwelded gap
19 mm @/, in.) thick permitted. A minimum preheat of 90°C  between the shell and bottom. Remove defective weld seg-
(200°F) is required for these welds. ments and reweld as required. Reexamine the repaired welds
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and a minimum of 150 mm (6 in.) to either side in the manner5.3.1.3 Material that is damaged by defective workman-
described above. Repeat this clean-remove-repair-examineship or that is otherwise defective will be rejected. The manu-
and-clean process until there is no evidence of leaking. Com{acturer will be notified of this in writing and will be required
plete all welding passes of the joint both inside and outsideto furnish new material promptly or to correct defective work-
the shell. Visually examine the finished weld surfaces of themanship.

joint both inside and outside the shell for their entire circum-

ference. 5.3.1.4 Before acceptance, all work shall be completed to

the satisfaction of the purchaser’s inspector, and the entire
5.2.4.2 As an alternative to 5.2.4.1, the initial weld passes, tank, when filled with oil, shall be tight and free from leaks.
inside and outside of the shell, shall have all slag and non-
metals removed from the surface of the welds and the weld$.3.2 Inspection of Welds
shall be examined visually. Additionally, after the completion
of the inside and outside fillet or partial penetration welds, 5.32.1 Butt-Welds
the welds may be tested by pressurizing the volume between Complete penetration and complete fusion are required for
the inside and outside welds with air pressure to 103 kPa (15wvelds joining shell plates to shell plates. Inspection for the
Ibf/in.2 gauge) and applying a solution film to both welds. To quality of the welds shall be made using the radiographic
assure that the air pressure reaches all parts of the welds, method specified in 6.1 and using the visual method. In addi-
sealed blockage in the annular passage between the insidgon, the purchaser’s inspector may visually inspect all butt-
and outside welds must be provided by welding at one orwelds for cracks, arc strikes, excessive undercuts, surface
more points. Additionally, a small pipe coupling communi- porosity, incomplete fusion, and other defects. Acceptance
cating with the volume between the welds must be connectedand repair criteria for the visual method are specified in 6.5.
at one end and a pressure gauge connected to a coupling on
the other end of the segment under test. 5.3.2.2 Fillet Welds

ufacturer, the examinations of 5.2.4.1 may be waived if thefinal weld shall be cleaned of slag and other deposits prigy @
following examinations are performed on the entire circum- inspection. Visual examination acceptance and repair critpria
ference of the weld(s): are specified in 6.5.

5.2.4.3 By agreement between the purchaser and the man- Fillet welds shall be inspected by the visual method. %he

a. Visually examine the initial weld pass (inside or outside), ¢ 5 3 Responsibility

b. Visually examine the finished joint welded surfaces, both
inside and outside the shell. The manufacturer shall be responsible for making radiét
c. Examine either side of the finished joint weld surfaces by 9"aPhs and any necessary repairs; however, if the purchaper's

magnetic particle, or liquid penetrant, or right angle vacuum inspector requires radiographs in excess of the number speci-
fied in Section 6, or requires chip-outs of fillet welds in

box.
excess of one per 30 m (100 ft) of weld and no defect is dis-
closed, the additional inspections and associated work hg{l
5.2.5 Roofs -
be the responsibility of the purchaser.

Except for the stipulation that the structural framing (such
as the rafters and girders) of the roof must be reasonably tru.3.3 Examination and Testing of the Tank Bottom
to line and surface, this standard does not include special stip-

. . Upon completion of welding of the tank bottom, the bdt-
ulations for erection of the roof. P P )

tom welds and plates shall be examined visually for gny
potential defects and leaks. Particular attention shall apply to
5.3 INSPECTION, TESTING, AND REPAIRS areas such as sumps, dents, gouges, three-plate laps, bpttom
531 General plate breakdowns, arc strikes, temporary attachment rempval
areas, and welding lead arc burns. Visual examination acgep-
5.3.1.1 The purchaser’s inspector shall at all times have tance and repair criteria are specified in 6.5. In addition | &F
free entry to all parts of the job while work under the contract welds shall be tested by one of the following methods:
is being performed. The manufacturer shall afford the pur- A vacuum box test in accordance with 6.6
chaser’s inspector reasonable facilities to assure the inspectq‘;}' By

that the work is being performed in accordance with this stan- A tracer gas test in accordance with 6.6.11.
dard. c. After at least the lowest shell course has been attach¢d to

the bottom, water (to be supplied by the purchaser) shal| be
5.3.1.2 Any material or workmanship shall be subject to pumped underneath the bottom. A head of 150 mm (6 in.} of
the replacement requirements of 4.2.3. liquid shall be maintained using a temporary dam to hold fhat




01

01 e

01

5-4 APl STANDARD 650

depth around the edge of the bottom. The line containingcombination of the methods stipulated in 5.3.5.b, subitenis 1
water for testing may be installed temporarily by running it and 2.

through a manhole to one or more temporary flange connec- 01
tions in the bottom of the tank, or the line may be installed 5.3.6 Testing of the Roof

permanently in the subgrade beneath the tank. The method 0%.3.6.1 Upon completion, the roof of a tank designed to pe

installation should be governed by the nature of the subgrade. astight (except for roofs designed under 5.3.6.2, F.4.4, and

Reasonable care shall be taken to preserve the prepared su 7.6) shall be tested by one of the following methods:
grade under the tank. - :

a. Applying internal air pressure not exceeding the weight of
5.3.4 Inspection of Reinforcement-Plate Welds the roof plates and applying to the weld joints a soap solution
or other material suitable for the detection of leaks.

After fabrication is completed but before the tank is filled b, Vacuum testing the weld joints in accordance with 6.6]to
with test water, the reinforcement plates shall be tested bydetect any leaks. o1
applying up to 100 kPa (15 Ibf/f).gauge pneumatic pres- i i
sure between the tank shell and the reinforcement plate 'or$'3'6'2_ Upon completion, th_e roof.ofatank. not d93|gned o
each opening using the tell-tale hole specified in 3.7 5.1 0 gastight, such as a tank with peripheral circulation vents or

While each space is subjected to such pressure, a soap filnf? tank'W|thfll‘ree Ci; open ve?ts, shhall receive q?lyd \SSUSI
linseed oil, or another material suitable for the detection of'nSpiCtlon ofits weld joints, unless otherwise specified by the
leaks shall be applied to all attachment welding around thePurchaser.
reinforcement, both inside and outside the tank. 54 REPAIRS TOWELDS
5.3.5 Testing of the Shell 5.4.1 All defects found in welds shall be called to the atten-
_ _ tion of the purchaser’s inspector, and the inspector’s approval

After the entire tank is completed but before any perma-ghal| be obtained before the defects are repaired. All com-

nent external piping is connected to the tank, the shell (excepb|eted repairs shall be subject to the approval of the pur-

for the shell of tanks designed in accordance with AppendiXchaser's inspector. Acceptance criteria are specified in 6.2,
F) shall be tested by one of the following methods: 6.4, and 6.5, as applicable.

a. If water is available for testing the shell, the tank shall be5.4.2 Pinhole leaks or porosity in a tank bottom joint may
filled with water as follows: (1) to the maximum design liquid be repaired by applying an additional weld bead over the
level, H; (2) for a tank with a tight roof, to 50 mm (2 in.) defective area. Other defects or cracks in tank bottom or tank
above the weld connecting the roof plate or compression bakoof (including floating roofs in Appendix C) joints shall be
to the top angle or shell; or (3) to a level lower than that specrepaired as required by 6.1.7. Mechanical caulking is not
ified in subitem 1 or 2 when restricted by overflows, an permitted.

internal floating roof, or other freeboard by agreement ) o

between the purchaser and the manufacturer. The tank shaft-4-3 All defects, cracks, or leaks in shell joints or the
be inspected frequently during the filling operation, and any shell-to-bottom joint shall be repaired in accordance with

welded joints above the test-water level shall be examined inb-1.7.

accordance with item b. e 5.4.4 Repairs of defects discovered after the tank has been
b. If sufficient water to fill the tank is not available, the tank filled with water for testing shall be made with the water

may be tested by (1) painting all of the joints on the inside level at least 0.3 m (1 ft) below any point being repaired oy, &b
with a highly penetrating oil, such as automobile spring oil, repairs have to be made on or near the tank bottom, with the
and carefully examining the outside of the joints for leakage; tank empty. Welding shall not be done on any tank unless all
(2) applying vacuum to either side of the joints or applying connecting lines have been completely blinded. Repairs shall
internal air pressure as specified for the roof test in 5.3.6 andhot be attempted on a tank that is filled with oil or that has

carefully examining the joints for leakage; or (3) using any contained oil until the tank has been emptied, cleaned, and
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SECTION 6—METHODS OF INSPECTING JOINTS

Note: In this standard, the term inspector, as used in Sections V anénd the other shall be taken at random (see the center panel of
Vil of the ASME Code, shall be interpreted to mean the purchaser’s Figure 6-1).
Inspector. c. Vertical joints in which the shell plates are greater than
6.1 RADIOGRAPHIC METHOD mm 1 in.) thick_shall b_e _fuIIy_radngra_phed. All junctions qf
] ~ vertical and horizontal joints in this thickness range shall be
For the purposes of this paragraph, plates shall be considragiographed; each film shall clearly show not less thanj 75
ered of the same thickness when the difference in their speciyym (3 in.) of vertical weld and 50 mm (2 in.) of weld leng H8
fied or design thickness does not exceed 3 Hgin(). 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
Radiographic inspection is required for shell butt-welds or nozzle shall be completely radiographed.
(see 6.1.2.2 and 6.1.2.3), annular-plate butt-welds (see6
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 joint) without regard to the number of welders or welding

tt:ettoF atﬂglit(t)telthelr tthe rocigor'shell, vlvelds (jomlng the She|l|0perators. Thereafter, one radiograph shall be taken in each
piate fo the botlom prate, Welds In hozzle and manway NeCks, yqitignal 60 m (200 ft) (approximately) and any remaining
made from plate, or appurtenance welds to the tank.

major fraction of horizontal joint of the same type and thick-
ness. These radiographs are in addition to the radiographs of
junctions of vertical joints required by item ¢ of 6.1.2.2 (see
6.1.2.1 Except when omitted under the provisions of A.3.4, Figure 6-1).

radiographs shall be taken as specified in 6.1.2 through 6.1.8

6.1.1 Application

.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

6.1.2 Number and Location of Radiographs

6.1.2.4 When two or more tanks are erected in the same
6.1.2.2 The following requirements apply to vertical joints: 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 t ic(:)k-
ness in each group of tanks rather than the length in eachllnéll-
vidual tank.

a. For butt-welded joints in which the thinner shell plate is
less than or equal to 10 mrig(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 the6.1.2.5 It should be recognized that the same welder or
vertical joints of the lowest course may be used to meet thewelding operator may not weld both sides of the same buitt
requirements of Note 3 in Figure 6-1 for individual joints. joint. If two welders or welding operators weld opposite sides
Thereafter, without regard to the number of welders or weld- of the same bultt joint, it is permissible to inspect their work
ing operators, one additional spot radiograph shall be taken irwith one spot radiograph. If the spot radiograph is rejected,
each additional 30 m (100 ft) (approximately) and any further spot radiographs shall be taken to determine whether
remaining major fraction of vertical joint of the same type one or both of the welders or welding operators are at fault.

and thickness. At least 25% of the selected spots shall be aé 12.6 An equal number of spot radioaraphs shall be taken
junctions of vertical and horizontal joints, with a minimum of _ " q P grap

. . . ._from the work of each welder or welding operator in propor-
two such intersections per tank. In addition to the foregoing gop prop

requirements, one random spot radiograph shall be taken ir%Ion to the length of joints welded.

each vertical joint in the lowest course (see the top paneleof6.1.2.7 As welding progresses, radiographs shall be taken
Figure 6-1). as soon as it is practicable. The locations where spot radio-
b. For butt-welded joints in which the thinner shell plate is graphs are to be taken may be determined by the purchaser’'s
greater than 10 mn¥®/g in.) but less than or equal to 25 mm inspector.

(2 in.) in thickness, spot radiographs shall be taken accordin
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 the6.1.2.9 When bottom annular plates are required by
radiographs shall be as close to the bottom as is practicable3.5.1, or by M.4.1, the radial joints shall be radiographed as

6-1

%.1.2.8 Each radiograph shall clearly show a minimum of
150 mm (6 in.) of weld length. The film shall be centered on
the weld and shall be of sufficient width to permit adequate
space for the location of identification marks and an imdge
quality indicator (IQI) (penetrameter). 1 01
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Top of shell w (Numbers in squares refer to notes below)
¢
50 mm (2")—~ LIT 50 mm 98
Tl @)
2 ] 1
| =175 mm (3"
150 mm (6") 1
f [2]
L]
4
10 mm (3/s") maximum 150 mm (6")
{
Tank bottom —}
PLATE THICKNESS <10 mm (3/s")
Top of shell w
<10 mm (¥/s")
1 2]
’ ¢
I >10 mm (%s") 50 mm (2")—»|-i<|— 50 mm
. —  [mmmE) [, bl 5 %8
25 mm (1") maximum f
5 5 5

Tank bottom
10 mm (3/s") < PLATE THICKNESS <25 mm (1")

>10 mm (3/s") ’J_‘
[2}—fa]—4

L

[sH—

[

DE

<25 mm (1")

2] __Jal 21 [a] |4

4
| - LT LT LT
>25 mm (1")
2 n 14 n 14] n
H 38 mm (1%/2") maximum |6

Tank bottom

o))

PLATE THICKNESS > 25 mm (1")

Notes:

1.

2.
3.

o

Vertical spot radiograph in accordance with 6.1.2.2, item a: one in the first 3 m (10 ft) and one in each 30 m (100 ft)
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. | 00
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/g in.) (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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follows: (a) For double-welded butt joints, one spot radio- 6.1.5 Radiographic Standards

graph shall be taken on 10% of the radial joints; (b) For sin- ) . .

gle-welded butt joints with permanent or removable backup _ Velds examined by radiography shall be judged as accept-
bar, one spot radiograph shall be taken on 50% of the radiaf0l® O unacceptable by the standards of Paragraph UW-51(b)
joints. Extra care must be exercised in the interpretation ofi" Section Vil of the ASME Code.

radiographs of single-welded joints that have a permanent

backup bar. In some cases, additional exposures taken at #f1.6 Determination of Limits of Defective Welding

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.

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
6.1.3  Technique of the film, an additional radiograph need not be taken of the

6.1.3.1 Except as modified in this section, the radiographic weld on that side of the defect. If the weld at either of the

examination method employed shall be in accordance withadjacent sections fails to comply with the requirements of
Section V. Article 2, of the ASME Code. 6.1.5, additional spots shall be examined until the limits of

unacceptable welding are determined, or the erector may
6.1.3.2 Personnel who perform and evaluate radiographic replace all of the welding performed by the welder or welding
examinations according to this section shall be qualified andoperator on that joint. If the welding is replaced, the inspector
certified by the manufacturer as meeting the requirements oghall have the option of requiring that one radiograph be
certification as generally outlined in Level Il or Level lll of taken at any selected location on any other joint on which the
ASNT SNT-TC-1A (including applicable supplements). same welder or welding operator has welded. If any of these
Level | personnel may be used if they are given written accep-additional spots fail to comply with the requirements of 6.1.5,
tance/rejection procedures prepared by Level Il or Level Il the limits of unacceptable welding shall be determined as
personnel. These written procedures shall contain the applicaspecified for the initial section.
ble requirements of Section V, Article 2, of the ASME Code.
In addition, all Level | personnel shall be under the direct g 1 7 Repair of Defective Welds
supervision of Level Il or Level lll personnel.

) ] ] ) 6.1.7.1 Defects in welds shall be repaired by chipping or
6.1.3.3 The requirements of T-285 in Section V, Article 2, melting out the defects from one side or both sides of the

of the ASME Code are to be used only as a guide. Finaligint as required, and rewelding. Only the cutting out of

acceptance of radiographs shall be based on the ability t0 Se§efective joints that is necessary to correct the defects is
the prescribed image quality indicator (penetrameter) and thgequired.

specified hole or wire.
o i e 6.1.7.2 All repaired welds in joints shall be checked by
6.1.3.4 The finished surface of the weld reinforcement at repeating the original inspection procedure and by repeating

the location of the radiograph shall either be flush with the 5,4 of the testing methods of 5.3, subject to the approval of
plate or have a reasonably uniform crown not to exceed thge purchaser.

following values:

_ _ 6.1.8 Record of Radiographic Examination
Maximum Thickness of

Plate Thickness Reinforcement 6.1.8.1 The manufacturer shall prepare an as-built radio-
mm (in.) mm (in.) graph map showing the location of all radiographs taken

<13 {/) 1.5 U1 along with the film identification marks.

> 13 () to 25 (1) 2.5¥3) e 6.1.8.2 After the structure is completed, the films shall be

> 25 (1) 3 Uy the property of the purchaser unless otherwise agreed upon

by the purchaser and the manufacturer.

6.1.4 Submission of Radiographs 6.2 MAGNETIC PARTICLE EXAMINATION

Before any welds are repaired, the radiographs shall be6.2.1 When magnetic particle examination is specified, the
submitted to the inspector with any information requested by method of examination shall be in accordance with Section V,
the inspector regarding the radiographic technique used. Article 7, of the ASME Code.
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6.2.2 Magnetic particle examination shall be performed in 6.4.3 The manufacturer shall determine and certify that each
accordance with a written procedure that is certified by theliquid penetrant examiner meets the following requirements:
manufacturer to be in compliance with the applicable require-

ments of Section V of the ASME Code. a. Has vision (with correction, if necessary) to enable him

to read a Jaeger Type 2 standard chart at a distance of not
6.2.3 The manufacturer shall determine that each magneticless than 300 mm (12 in.) and is capable of distinguishing
particle examiner meets the following requirements: and differentiating contrast between the colors used. Exam-

- . L iners shall be checked annually to ensure that they meet
a. Has vision (with correction, if necessary) to be able to readth ese requirements

a Jaeger Type 2 standard chart at a distance of not less thzgln s competent in the technique of the liquid penetrant

300 mm (12 in.) and is capable of distinguishing and differen- examination method for which he is certified, including mak-

tiating contrast between the colors used. Examiners shall be A : . ;
. ing the examination and interpreting and evaluating the
checked annually to ensure that they meet these requirements, ) N )
. : . .__rtésults; however, where the examination method consists of

b. Is competent in the technique of the magnetic particle

o . . . " more than one operation, the examiner may be certified as
examination method, including performing the examination

. . . being qualified for one or more of the operations.
and interpreting and evaluating the results; however, where
the examination method consists of more than one operationf.4.4 Acceptance standards and the removal and repair of
the examiner need only be qualified for one or more of thedefects shall be in accordance with Section VIII, Appendix 8,
operations. Paragraphs 8-3, 8-4, and 8-5, of the ASME Code.

6.2.4 Acceptance standards and the removal and repair of,

defects shall be in accordance with Section VIII, Appendix 6, 6.5 VISUAL EXAMINATION

Paragraphs 6-3, 6-4, and 6-5, of the ASME Code. 6.5.1 A weld shall be acceptable by visual inspection if the
inspection shows the following:

6.3 ULTRASONIC EXAMINATION
a. There are no crater cracks, other surface cracks or arc

6.3.1 When ultrasonic examination is specified, the method strikes in or adjacent to the welded joints.

of examination shall be in accordance with Section V, Article b. Undercutting does not exceed the limits given in 5.2.1.4
5, of the ASME Code. for vertical and horizontal butt joints. For welds that attach
nozzles, manholes, cleanout openings, and permanent attach-
ments, undercutting shall not exceed 0.4 rHgy (n.).

c. The frequency of surface porosity in the weld does not
exceed one cluster (one or more pores) in any 100 mnjot#
in.) of length, and the diameter of each cluster does not
6.3.3 Examiners who perform ultrasonic examinations exceed 2.5 mmd(szin.).

under this section shall be quahﬂgd and certified py th‘? MaN‘s 52 A weld that fails to meet the criteria given in 6.5.1
ufacturers as meeting the requirements of certification aS¢all be reworked before hydrostatic testing as follows:
generally outlined in Level Il or Level lll of ASNT SNT-TC- '

1A (including applicable supplements). Level | personnel a. Any defects shall be removed by mechanical means or
may be used if they are given written acceptance/rejectionthermal gouging processes. Arc strikes discovered in or adja-
criteria prepared by Level Il or Level lll personnel. In addi- cent to welded joints shall be repaired by grinding and
tion, all Level | personnel shall be under the direct supervi- rewelding as required. Arc strikes repaired by welding shall
sion of Level Il or Level lll personnel. be ground flush with the plate.

b. Rewelding is required if the resulting thickness is less than
ethe minimum required for design or hydrostatic test condi-
tions. All defects in areas thicker than the minimum shall be
feathered to at least a 4:1 taper.

c. The repair weld shall be visually examined for defects.

6.3.2 Ultrasonic examination shall be performed in accor-
dance with a written procedure that is certified by the manu-
facturer to be in compliance with the applicable requirements
of Section V of the ASME Code.

6.3.4 Acceptance standards shall be agreed upon by th
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,6.6 VACUUM TESTING

Article 6, of the ASME Code. 6.6.1 Vacuum testing is performed using a testing bpx

6.4.2 Liquid penetrant examination shall be performed in approximately 150 mm (6 in.) wide by 750 mm (30 in.) lofg
accordance with a written procedure that is certified by thewith a clear window in the top, which provides proper visibjle1
manufacturer to be in compliance with the applicable require-ity to view the area under inspection. During testing, illungi-
ments of Section V of the ASME Code. nation shall be adequate for proper evaluation 4nd
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interpretation of the test. The open bottom shall be sealed5.6.7 A minimum light intensity of 1000 Lux (100 fc) a
against the tank surface by a suitable gasket. Connectionghe point of examination is required during the applicationjof
valves, lighting and gauges, shall be provided as required. Athe examination and evaluation for leaks.
soap film solution or commercial leak detection solution

applicable to the conditions, shall be used. 6.6.8 The vacuum shall be maintained for the greater]of

either at least 5 seconds or the time required to view the prea
6.6.2 Vacuum testing shall be performed in accordance under test.
with a written procedure prepa_red by the manufacturer of theg g 9 The presence of a through-thickness leak indicaled
tank. The procedure shall require: by continuous formation or growth of a bubble(s) or foajn,
a. Performing a visual examination of the bottom and welds produced by air passing through the. thickness, i?’ unacgept-
prior to performing the vacuum box test; able. The presence of a large opening leak, indicated Ry a

. . . quick bursting bubble or spitting response at the initial setfng
b. Verifying the condition of the vacuum box and its gasket of the vacuum box is unacceptable. Leaks shall be repgred

seals;. . ) ) . and retested.
c. Verifying that there is no quick bubble or spitting response ) .
to large leaks; and 6.6.10 A record or report of the test including a statemgnt

addressing temperature and light intensity shall be compl¢ted

d. Applying the film solution to a dry area, such that the area )
bpYing y and furnished to the customer upon request.

is thoroughly wetted and a minimum generation of applica-
tion bubbles occurs. e 6.6.11 As an alternate to vacuum box testing, a suitaple

6.6.3 A partial vacuum of 21 kPa (3 Ibf/#16 in. Hg) to 35
kPa (5 Ibf/in2/10 in Hg) gauge shall be used for the test. If
specified by the purchaser, a second partial vacuum test of 5
kPa (8 Ibf/in?/16 in. Hg) to 70 kPa (10 Ibf/ifi20 in. Hg)
shall be performed for the detection of very small leaks. a. Tracer gas testing shall be performed in accordance V\Tdma
. written procedure which has been reviewed and approved by
6.6.4 The manufacturer shall determine that each vacuumipe purchaser and which shall address as a minimum: the fype
box operator meets the following requirements: of equipment used, surface cleanliness, type of tracer gas] test
o Pressure, soil permeability, soil moisture content, satisfactory

a. Has vision (with correction, if necessary) to be able t fioati £ th tent of t i d kh
read a Jaeger Type 2 standard chart at a distance of not leggriication of In€ extent ot fracer gas permeation, an N
method or technique to be used including scanning rate fand

than 300 mm (12 in.). Operators shall be checked annually to

: ; . probe standoff distance.
ensure that they meet this requwement, and . b. The technique shall be capable of detecting leakage of 1 x
b. Is competent in the technique of the vacuum box testing,; o4 pa nd/s (1 x 103 std cn/s) or smaller

including performing the examination and interpreting and
evaluating the results; however, where the examination
method consists of more than one operation, the operator pe
forming only a portion of the test need only be qualified for
that portion the operator performs.

integrity of welded bottom joints for their entire lengtf.

um box testing, it shall meet the following requirements:

Ipressure, i.e. level of pressure under bottom) shall be gali-
brated by placing the appropriate calibrated capillary lepk,
which will leak at a rate consistent with (b) above, in a ten-
porary or permanent fitting in the tank bottom away from te

6.6.5 The vacuum box test shall have at least 50 mm (2 in.){raCer gas pressurizing point. ~Alternatively, by agreemgnt

overlap of previously viewed surface on each application. ; a ) - !
be placed in a separate fitting pressurized in accordance jwith

6.6.6 The metal surface temperature limits shall be the system parameters.
between 4°C (40°F) and 52°C (125°F), unless the film solu-d. While testing for leaks in the welded bottom joints, syst¢m

tion is proven to work at temperatures outside these limits,parameters shall be unchanged from those used dyring
either by testing or manufacturer's recommendations. calibration.

tracer gas and compatible detector can be used to tes} the

here tracer gas testing is employed as an alternate to jvac-

c. The test system parameters (detector, gas, and syptem

between purchaser and manufacturer, the calibrated leak jnay
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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

Table E-2—Seismic Zone Factor

Seismic Factor

Seismic Zone Factor

(from Figure E-1 or other sources) (horizontal acceleration)

1 0.075
2A 0.15
2B 0.20
3 0.30
4 0.40

Seismic Seismic
Location Zone Location Zone
Asia Pacific Ocean area
Turkey Caroline Islands
Ankara 2B Koror, Paulau 2B
Karamursel 3 Ponape 0
Atlantic Ocean area Johnston Island 1
Azores 2B Kwajalein 1
Bermuda 1 Mariana Island
Caribbean Guam 3
Bahama Islands 1 Saipan 3
Canal Zone 2B Tinain 3
Leeward Islands 3 Marcus Island 1
Puerto Rico 3 Okinawa 3
Trinidad Island 2B Philippine Islands 3
North America Samoa Islands 3
Greenland 1 Wake Island 0
Iceland
Keflavik 3

E.3.2 EFFECTIVE MASS OF TANK CONTENTS

E.3.2.1 The effective massed/; andW, may be deter-
mined by multiplyingWr by the ratiosWV,/Wy and Wao/\W,
respectively, obtained from Figure E-2 for the r&tibl.

where

Wr = total weight of the tank contents, in pounds.
(The specific gravity of the product shall be
specified by the purchaser.),

D = nominal 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 The heights from the bottom of the tank shell to the E33.3 Alternatively, by agreement between the purchaser

centroids of the lateral seismic forces applieiicandW,
X1 andXy, may be determined by multiplyirdj by the ratios

X1/H andXy/H, respectively, obtained from Figure E-3 for the

ratio D/H.

E.3.3.2 The lateral force coefficiefi, shall be determined

as a function 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. Wher less
than or equal to 4.5,

0.75S
C, = —=
2T
WhenT is greater than 4.5,
3.3755
C, = >
T

where
= site coefficient from Table E-3,

= natural period of the first sloshing mode, in sec-
onds.T may be determined from the following

eqguation:
In Sl units:
T = 1.8Kk(D%5)
whereD = nominal tank diameter in m.
In U.S. Customary units: 01
T = k(D09

whereD = nominal tank diameter in ft.

k = factor obtained from Figure E-4 for the rafiéH.

and the manufacturer, the lateral force determined by the
products oZIC; andZICy, may be determined from response
spectra established for the specific tank site and furnished by
the purchaser; however, the lateral faf6€, shall not be less

E.3.2.3 The curves in Figures E-2 and E-3 are based on athan that determined in accordance with E.3.1 and E.3.3.1.

modification of the equations presented in ERDA Technical

Information Document 702% Alternatively, Wy, Ws, X1, and

The response spectra for a specific site should be estab-
lished considering the active faults within the region, the

X, may be determined by other analytical procedures basedypes of faults, the magnitude of the earthquake that could be

on the dynamic characteristics of the tank.

E.3.3 LATERAL FORCE COEFFICIENTS

E.3.3.1 The lateral force coefficiefi; shall be 0.60 unless
the product ofZIC; and the product oZIC, are determined
as outlined in E.3.3.3.

15ERDA Technical Information Document 70Nclear Reactors and

Earthquakegprepared by Lockheed Aircraft Corporation and Holmes

& Narver, Inc.), U.S. Atomic Energy Commission, August 1963.

generated by each fault, the regional 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 a damping 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

The spectrum for the fact@iC, should correspond to the
spectrum forZIC; modified for a damping coefficient of
0.5% of critical. In determining the fact@C,; 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 as follows:

In Sl units:

w, = 9%t,./F,,GH
Howeverw; shall not exceed 1@4HD
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 min,
used to calculatey (see E.4.2), I%O

Fpy = minimum specified yield strength of the bottom
plate under the shell, MPa,

= design specific gravity of the liquid 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).

In U.S. Customary units;

w, = 7.9,,/F,,GH
Howeverw; shall not exceed 1.281D
where

w_ = maximum weight of the tank contents that may be
used to resist the shell overturning moment, in Ibf/ft
of shell circumference,

ty = thickness of the bottom plate under the shell in
inches, used to calculatg (see E.4.2),

Fpy = minimum specified yield strength of the bottom

plate under the shell (Ibf/i),

G = design specific gravity of the liquid 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).
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10.0 | Table E-3—Site Coefficients (See Note)

Type Description SFactor

S; A soail profile with either a) a rock-like material 1.0
8.0 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 soll
conditions where the soil depth is less than 60

m (200 ft).

S, A soail profile with 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 more in depth con-1.5
4.0 taining more than 6 m (20 ft) of soft to medium
stiff clay but more than 12 m (40 ft) of soft clay.

/ S A soil profile containing more than 12 m (40 ft) 2.0

of soft clay.

6.0

(o+w )/ (w+w)

2.0

Note: The site factor shall be established from properly substantiated
geotechnical data. In locations where the soil properties are not known
in sufficient detail to determine the soil profile type, soil pr&ile

shall be used. Soil profi&, need not be assumed unless the building
official determines that soil profi& may be present at the site or in

the event that soil profil§, is established by geotechnical data.

0.8 1.0 1.2 1.4 1.6
M /[ID2(w, +w )]
b+w

Note: This figure may be used to compute b when M / [D2(w; + w)] YT
t L

is greater than 0.785 but less than or equal to 1.5 (see E.5.1).
WhenM / [D4(w; + w,)] is greater than 1.5 but less than or
equal to 1.57,

E.4.2 The thickness of the bottom plate under the shell may b+w 1.490

be greater than or equaltp but the thicknessy, used to cal- =
culatew; shall not exceed the larger of 6 mix {n.) or the

first shell course thickness less the shell corrosion allowance,

nor shallt, exceed the actual thickness of the bottom plate where
under the shell less the corrosion allowance for the bottom b = maximum longitudinal compressive force at the bot-
plate. Where the bottom plate under the shell is thicker than tom of the She”’ in N/m (|bf/ft) of shell Circumference,
the remainder of the bottom, the width of the thicker plate
under the shell shall be equal to or greater than:

Figure E-5—Compressive Force b

WoHw, [1 0.63™M T-s
DZ(W1+WL)

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-
In SI units: cumference.

0.1745x 103w /GH (m) WhenM / [D4(w; +w,)] is greater than 1.57 or whéf.00a o1
(b/12t) is greater thair, (see E.5.3), the tank is structurall
unstable. It is then necessary to take one of the following
0.0274x 10-3w_/GH (ft) INEASUIES:

hell . a. Increase the thickness of the bottom plate under the shell,
E.5 Shell Compression t,, to increasay, without exceeding the limitations of E.4.1

E.5.1 UNANCHORED TANKS and E.4.2.
b. Increase the shell thickness,

_For unanchored tanks, the maximum longitudinal compres-¢ - change the proportions of the tank to increase the diame-
sive force at the bottom of the shell may be determined as folyer and reduce the height.

lows: WhenM / [D?(w; +w)] is less than or equal to 0.785,  d. Anchor the tank in accordance with E.6.
1.273M E.5.2 ANCHORED TANKS
2

For anchored tanks, the maximum longitudinal compressive
force at the bottom of the shell may be determined as follows:

W+ 1.273V

t D2

In U.S. Customary units:

b=w+

WhenM / [D(w; +wq )] is greater than 0.785 but less than or

equal to 1.5b may be computed from the value of the follow- b=
ing parameter obtained from Figure E-5:
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APPENDIX F—DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES

F.1 Scope F.4 Maximum Design Pressure and Test
Procedure

F.1.1 The maximum internal pressure for closed-top API

Standard 650 tanks may be increased to the maximum interf-4.1  The design pressur, for a tank that has been con-

nal pressure permitted when the additional requirements ofStructed or that has had its design details established may be

this appendix are met. This appendix applies to the storage Of:_alculated frt_)m the following equation (subject to the limita-

nonrefrigerated liquids (see also APl Standard 620, Appen-ionS OfPmaxin F.4.2):

dixes Q and R). For shell temperatures above 90°C (200°

F) .
see Appendix M. In Sl units:

F.1.2 When the internal pressure multiplied by the cross- p = (LD(A(tand) | 5 og
sectional area of the nominal tank diameter does not exceed D? n
the nominal weight of the metal in the shell, roof, and any

framing supported by the shell or roof, see the design require¥vhere

ments in F.2 through F.6. Overturning stability with respect to P = internal design pressure (kPa),
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 6 = angle between the roof and a horizontal plane at
the requirements of Appendix E. the roof-to-shell junction (degrees),

A = arearesisting the compressive force, as illus-
trated in Figure F-1 (m#),

] tan@ = slope of the roof, expressed as a decimal
F.1.3 Internal pressures that exceed the weight of the shell, quantity,

roof, and framing but do not exceed 18 kPH,(f/in.2)

gauge when the shell is anchored to a counterbalancing
weight, such as a concrete ringwall, are covered in F.7.

D = tank diameter (m),

th, = nominal roof thickness (mm).

F.1.4 Tanks designed according to this appendix shall com-In US Customary units:
ply with all the applicable rules of this standard unless the
rules are superseded by the requirements of F.7.

P = (30,800(?)(tan9) +8t,
F.1.5 The tank nameplate (see Figure 8-1) shall indicate D
whether the tank has been designed in accordance with F.1.2
or F.1.3. where

F.1.6 Figure F-1 is provided to aid in the determination of P = internal design pressure (in. of water),

the applicability of various sections of this appendix. A = area resisting the compressive force, as illus-
trated in Figure F-2 (iR),
F.2 Venting (Deleted) 8 = angle between the roof and a horizontal plane at

the roof-to-shell junction (degrees),

F.3 Roof Details tan@ = slope of the roof, expressed as a decimal

quantity,

The details of the roof-to-shell junction shall be in accor- )
D = tank diameter (ft),

dance with Figure F-2, in which the participating area resist-
ing the compressive force is shaded with diagonal lines. tn = nominal roof thickness (in.).

F-1
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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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W, = 0.6(R.t,)°5 t. — l+—R, eutral axis of angle —,. <« of angle
Detail a Detail b Detail ¢

- A
7 [

W min Alternative ‘@Z@
¢ W, W, )
W, min

v N

V] vy N
L—w = 06(RL)° o [« ¢, t =] J— E—
¢ —| |— tc
Detail d Detail e Detail f

2t  or 2t, max

W
/
2t, max \

1
v
(7 T2z
t | 16t,,
w, b
16t, ‘ 0.6(R t,)°% max
-— . -
max ¢ e Alternative
(inside or outside)
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Detail g Detail h Detail i
ta = thickness of angle leg, wp = maximum width of participating roof,
tp = thickness of bar, = 0.3(Rzty)%-° or 300 mm (12 in.), whichever is less,
tc = thickness of shell plate, R¢ = inside radius of tank shell,
th = thickness of roof plate, Ry = length of the normal to the roof, measured from the
ts = thickness of thickened plate in shell, vertical centerline of the tank,
W = maximum width of participating shell, = R¢/(sin 6).

0.6 (Rcts)o'sy

Note: All dimensions and thicknesses are in mm (in.)

Figure F-2—Permissible Details of Compression Rings
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F.4.2 The maximum design pressure, limited by uplift at

design internal air pressure shall be applied to the enclosed

the base of the shell, shall not exceed the value calculate@pace above the water level and held for 15 minutes. The air

from the following equation unless further limited by F.4.3:

pressure shall then be reduced to one-half the design pressure,
and all welded joints above the liquid level shall be checked for

In Sl units: leaks by means of a soap film, linseed oil, or another suitable
material. Tank vents shall be tested during or after this test.
_ 0.0012%W 0.0038M
00 Phax= ——% — + 0.08, - — ) ]
D D F5 Required Compression Area at the
Roof-to-Shell Junction
where ) )
_ _ F.5.1 Where the maximum design pressure has already
Pmax = maximum design pressure (kPa), been established (not higher than that permitted by F.4.2 or
= total weight of the shell and any framing (but not F43) the total required compression area at the rqof-to-shell
roof plates) supported by the shell and roof (N), junction may be calculated from the following equation:
M = wind moment (N-m), when wind overturning sta- |y g nits:
bility has been specified by the purchaser in accor-
dance with 3.11, otherwidé = 0. Anchorage may D2(P ~0.08,)
be required when the maximum design pressure is S St 1
00 combined with the specified load. If overturning 1.1(tan6)
stability has not been specified, the manufacturer
shall report the maximum wind velocity the tank ~ Where
may withstand without anchorage when combined A = total required compression area at the roof-to-
with the maximum design pressure. shell junction (mrA).
In US Customary units: .
In US Customary units:
0.245N 0.735V
00 Pmax = 5+ 8ty — 3 2
D D _ D7(P-8t)
where 30,80(tanb)
Pmax = maximum design pressure (in. of water), where
= total weight of the shell and any framing (but not A = total required compression area at the roof-to-
roof plates) supported by the shell and roof (Ibf), shell junction (ird).
M = wind moment (ft-Ibf), when wind overturning sta- . . . .
bility has been specified by the purchaser in accor- A is based on the nominal material thickness less any cor-
dance with 3.11, otherwidé = 0. Anchorage may ~ "osion allowance.
be r%qulrgd Vm?r? the mi?('g'rm ddelf5|gn ptl’es§ure ISE5.2  For self-supporting roofs, the compression area shall
00 combined wi € specified foad. TTOVertiuming . e |ess than the cross-sectional area calculated in 3.10.5
stability has not been specified, the manufacturer nd 3.10.6
shall report the maximum wind velocity the tank a e
may withstand without anchorage when combined .
with the maximum design pressure. F.6 Calculated Failure Pressure
F.4.3 As top angle size and roof slope decrease and tank In tanks that meet the criteria of 3.10.2.5.1, failure can be
diameter increases, the design pressure permitted by F.4.gxpected to occur when the stress in the compression ring
o1 | and F.4.2 approaches the failure pressure of F.6 for the roofarea reaches the yield point. On this basis, an approximate
to-shell junction. In order to provide a safe margin betweenformula for the pressure at which failure of the top compres-
the maximum operating pressure and the calculated failuresion ring is expected to occur can be expressed in terms of the
pressure, a suggested further limitation on the maximumdesign pressure permitted by F.4.1, as follows: | 01
design pressure for tanks with a weak roof-to-shell attach-
ment (frangible joint) is: In SI units:
Pmax<0-8P¢ Pf= 1.6°— 0.047,
F.4.4 When the entire tank is completed, it shall be filed Where _
with water to the top angle or the design liquid level, and the Ps = calculated failure pressure (kPa).
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In US Customary units: Table F-1—Design Stresses for Anchors of Tanks with
Design Pressures up to 18 kPa (21/, Ibf/in.2) Gauge
Ps=1.6P— 4.8ty
Allowable Stress at Root of

where Anchor Bolt Threads

P; = calculated failure pressure (in. of water). Uplift Resulting From MPa (Ibf/in2)
Note: This formula is based on failure occurring at a yield stress 220Tank design pressure 105 15,000
MPa (32,000 Ibf/irf). Experience with actual failures indicates that .
buckling of the roof-to-shell junction is localized and probably Tank design pressure plus wind 140 20,000
occurs when the yield point of the material is exceeded in the COM-r 1k test pressure 140 20,000
pression ring area.

) ] Failure pressure (from F.8)1.5° c c

F.7 Anchored Tanks with Design

Pressures up to 18 kPa (2 1/, Ibffin. 2) aSee Appendix E for seismic design requirements.

Gauge bFor this condition, the effective liquid weight on the tank

bottom shall not be assumed to reduce the anchor load. The
F.7.1 In calculating shell thickness for Appendix F tanks failure pressure shall be calculated using as-built thicknesses.
that are to be anchored to resist uplift due to internal pressuréMinimum specified yield strength.
and when selecting shell manhole thicknesses in Table 3-3 and
flush-type cleanout fitting thicknessess in Table 3HL8halll d. Attachment of the anchor bolts to the shell shall be
be increased by the quant®/(9.8G) [P/(12G)]—whereH is through stiffened chair-type assemblies or anchor rings of
the design liquid height, in m (f, is the design pressure kPa sufficient size and height. An acceptable procedure for anchor
(in. of water), ands is the design specific gravity. bolt chair design is given in AISI E-1, Volume I, Part VII,
“Anchor Bolt Chairs.” When acceptable to the purchaser,

_F 7?[ Th? requwedtc(cj)mpressmr} arr]e‘i St thel rc:oI—tg—she_lI anchor straps may be used if shell attachment is via chair-type
Junction of a supported cone root shall be calcuiated as N, o mplies or anchor rings of sufficient size and height.

F.5.1, and the p_art|C|pat|n_g compression area at the Junct|one_ Evaluate anchor attachments to the shell to ensure that
shall be determined by Figure F-2. For dome roofs and self-

. . .~ "7 localized stresses in the shell will be adequately handled. One
supporting cone roofs, the required area and the partICIIoatlngacceptable evaluation technique is given in ASME Section

compression area shall be in accordance with 3.12.4 of AP T di ina the all bl
Standard 620, except the allowable compressive stress sha lll, Division 2.’ Appendix 4, using the allowable stress per
' Pl 650 substituted fo&,. The method of attachment and

be increased to 140 MPa (20,000 Ibffin. evaluation shall take into account the uplift conditions listed
F.7.3 The design and welding of roofs and the design, rein- in Table F-1, and shall consider the effect of deflection and
forcement, and welding of roof manholes and nozzles shallrotation of the tank shell.

be in accordance with API Standard 620. The thickness of &. If tanks are to be anchored, the anchors must be sized to
self-supporting roof shall not be less than that specified inresist the combined affects of uplift due to internal pressjoe
3.10.5 or 3.10.6, as applicable. and seismic loading or internal pressure and wind Ioading%[J

F.7.4 The design of the anchorage and its attachment to the~.7.5 The counterbalancing weight, such as a concrete
tank shall be a matter of agreement between the manufactureingwall, shall be designed so that the resistance to uplift at
and the purchaser and shall satisfy the following conditions: the bottom of the shell will be the greatest of the following:

a. The design stresses shall satisfy all of the conditions listech. The uplift produced by 1.5 times the design pressure of the
in Table F-1. empty tank (minus any specified corrosion allowance) plus
b. When corrosion is a possibility, an additional thickness the uplift from the design wind velocity on the tank.

should be considered for anchors and attachments. Ifb. The uplift produced by 1.25 times the test pressure applied
anchor bolts are used, their nominal diameter should not beo the empty tank (with the as-built thicknesses).

less than 25 mm (1 in.) plus a corrosion allowance of atc. The uplift produced by 1.5 times the calculated failure
least 6 mm¥, in.) on the diameter. pressurel; in F.6) applied to the tank filled with the design
c. Any anchor bolts shall be uniformly tightened to a snug fit, liquid. The effective weight of the liquid shall be limited to
and any anchor straps shall be welded while the tank is filledthe inside projection of the ringwall (Appendix-B type)
with the test water but before any pressure is applied on top ofrom the tank shell. Friction between the soil and the ring-
the water. Measures, such as peening the threads or addingall may be included as resistance. When a footing is
locking nuts, shall be taken to prevent the nuts from backingincluded in the ringwall design, the effective weight of the
the threads. soil may be included.
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F.7.6 After the tank is filled with water, the shell and the rial suitable for the detection of leaks. After the test water has
anchorage shall be visually inspected for tightness. Air pres-been emptied from the tank (and the tank is at atmospheric
sure of 1.25 times the design pressure shall be applied to thpressure), the anchorage shall be checked for tightness. The
tank filled with water to the design liquid height. The air pres- design air pressure shall then be applied to the tank for a final
sure shall be reduced to the design pressure, and the tank shaleck of the anchorage.
be checked for tightness. In addition, all seams above theF

. . .7.7 Deleted Jo1
water level shall be tested using a soap film or another mate-
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G.4.2.4 Seismic Load G.5 Roof Attachment

If the tank is designed for seismic loads, the roof shall beG.5.1 LOAD TRANSFER

designed for a horizontal seismic force determined as follows: Structural supports for the roof shall be bolted or welded to

F = 0.6ZIW, the tank. To preclude overloading of the shell, the number of

attachment points shall be determined by the roof manufac-

where turer in consultation with the tank manufacturer. The attach-
F = horizontal seismic force. ment detail shall be suitable to transfer all roof loads to the

Z.1, andW; are as defined in Appendix E. The force shall tank shell and keep local stresses within allowable limits.

be uniformly applied over the surface of the roof. G52 ROOE SUPPORTS

e G.4.25 Load Combinations The roof attachment points may incorporate a slide bearing
_ o ) with low-friction bearing pads to minimize the horizontal
The following load combinations shall be considered: radial forces transferred to the tank. As an alternative, the roof
a. Dead load. may be attached directly to the tank, and the top of the tank
b. Dead load plus uniform live load. analyzed and deS|gn_ed to _sustaln the horlzontal_ thrust trans-
. ferred from the roof, including that from differential thermal
c. Dead load plus unbalanced live load. : X
. expansion and contraction.
d. Dead load plus wind load.
e. Dead load plUS uniform live load plUS wind load. e G.5.3 SEPARATION OF CARBON STEEL AND
f. Dead load plus unbalanced live load plus wind load. ALUMINUM
g. Dead load plus seismic load.

Unless another method is specified by the purchaser, alu-
If an internal or external design pressure is specified by theminum shall be isolated from carbon steel by an austenitic
purchaser, the loads resulting from either of these pressurestainless steel spacer or an elastomeric isolator bearing pad.
shall be added to the load combinations specified in ltems a—g
above, and the structure shall be designed for the most sever®.5.4 ELECTRICAL GROUNDING

loading. . . .
g The aluminum 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 figirg.) in
G.4.2.6.1 Roof panels shall be of one-piece aluminum diameter shall be installed at every third support point. The
sheet (except for skylights as allowed by G.8.4) and shallchoice of cable shall take into account strength, corrosion
be designed to support a uniform load of 3 kPa (60 #pf/ft resistance, conductivity, joint reliability, flexibility, and ser-
over the full area of the panel without sustaining permanentvice life.

distortion.

G.4.2.6 Panel Loads

G.4.2.6.2 The roof shall be designed to support two con- G.6 Physical Characteristics
centrated loads 1100 N (250 Ibf), each distributed over twoG.6.1 SIZES

separate 0.1 (1 ) areas of any panel. An aluminum dome roof may be used on any size tank

G.4.2.6.3 The loads specified in G.4.2.6.1 and G.4.2.6.2 erected in accordance with this standard.
shall not be considered to act simultaneously or in combina-

tion with any other loads. * G.6.2 DOME RADIUS
The maximum dome radius shall be 1.2 times the diame-
* G.4.3 INTERNAL PRESSURE ter of the tank. The minimum dome radius shall be 0.7 times
Ithe diameter of the tank unless otherwise specified by the

Unless otherwise specified by the purchaser, the interna
design pressure shall not exceed the weight of the roof. In
no case shall the maximum design pressure exceed 2.2 kP .
(9 in.) water column. When the design pressBfg,y fora ° &"7 Platforms, Walkways, and Handrails
tank with an aluminum dome roof is being calculated, the Platforms, walkways, and handrails shall conform to 3.8.10
weight of the roof, including structure, shall be added to the except that the maximum concentrated load on walkways or
weight of the shell in th&V term in F.4.2, andy shall be stairways supported by the roof structure be 4450 N (1000 Ibf).
01| taken as zero. When walkways are specified to go across the exterior of the

purchaser.
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roof (to the apex, for example), stairways shall be provided onpanel. Aluminum or stainless steel flanges may be bolted

portions of walkways whose slope is greater than 20 degreeddirectly to the roof panel, with the joint caulked with sealant.

Walkways and stairways may be curved or straight segments. Steel flanges shall be separated from the aluminum panel by a
gasket (see Figure G-2 for a typical nozzle detail).

G.8 Appurtenances

G.8.1 ROOF HATCHES G83 ROOF VENTS

(Section replaced by 3.10.8) 01
If roof hatches are required, each hatch shall be furnished

with a curb 100 mm (4 in.) or higher and a positive latching g g 4 SKYLIGHTS

device to hold the hatch in the open position. The minimum

size of opening shall not be less than 600 mm (24 in.). TheG.8.4.1 If skylights are specified by the purchaser, ehegh

axis of the opening may be perpendicular to the slope of theskylight shall be furnished with a curb 100 mm (4 in.) or

roof, but the minimum clearance projected on a horizontal higher and shall be designed for the live and wind loads spec-

plane shall be 500 mm (20 in.). ified in G.4.2.6. The purchaser shall specify the total skylight
area to be provided.

G.8.2 ROOF NOZZLES AND GAUGE HATCHES G.8.4.2 When skylights are specified for tanks withdqut

Roof nozzles and gauge hatches shall be flanged at the baskating roofs or for floating roof tanks which are sealed pnd
and bolted to the roof panels with an aluminum reinforcing gas blanketed (not provided with circulation venting
plate on the underside of the panels. The axis of a nozzle oH.5.2.2.1 & H.5.2.2.2), the purchaser shall consider skyllght
gauge hatch shall be vertical. If the nozzle is used for ventingmaterial compatibility with exposure to elevated concergra-
purposes, it shall not project below the underside of the rooftions of the stored product.

/ Nozzle

/ Flanged base

Through fastener _/
/Dome panel

Reinforcing plate (Typical)

Figure G-2—Typical Roof Nozzle
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«H.1 Scope buoyancy. Distributed open-top bulk-headed compartmg

APPENDIX H—INTERNAL FLOATING ROOFS

shall be used as required. These roofs are in full contact

This appendix provides minimum requirements that apply the liquid surface and are typically constructed of steel.

to a tank with an internal floating roof and a fixed roof at the

top of the tank shell, and to the tank appurtenances. Thisc. Metallic pontoon internal floating roofs have periphefal

appendix is intended to limit only those factors that affect the closed-top bulk-headed compartments for buoyancy. Dist
safety and durability of the installation and that are consid- uted closed-top bulk-headed compartments shall be use

ered to be consistent with the quality and safety requirementgequired. These roofs are in full contact with the liquid sfir-

of this standard. Types of internal floating roofs (listed under face and are typically constructed of steel.

H.2) and materials (listed under H.3) are provided as a basiqj, Metallic double-deck internal floating roofs have contin
guide and shall not be considered to restrict the purchasepys closed top and bottom decks which contain bulk-hea
option of employing other commonly accepted or alternative compartments for buoyancy. These roofs are in full cont

designs, as long as all design loading is documented to meejith the liquid surface and are typically constructed of steg
the minimum requirements herein, and all other criteria are

met (except alternative materials and thicknesses as permitte§: Metallic internal floating roofs on floats have their de
by H.3.1). The requirements apply to the internal floating roof 2P0Ve the liquid, supported by closed pontoon compartm

of a new tank and may be applied to an existing fixed-rooffor buoyancy. These roof decks are not in full contact with fhe

tank. Section 3.10 of this standard is applicable, except ad'duid surface and are typically constructed of aluminy
modified in this appendix. alloys or stainless steel.

f. Metallic sandwich-panel internal floating roofs ha
H.2 Types metallic panel modules for buoyancy compartments. Pg

modules may include a honeycomb core; however, cell w|
H.2.1 The internal floating roof type shall be selected by ithin the panel module are not considered “compartmer
the pUrChaser after consideration of both proposed and futureor purposes of inspection and design buoyancy requirem
product service, operating conditions, maintenance require-(see H.4.1.7 and H.4.24)These roofs are in full contac

ments, regulatory compliance, service life expectancy, ambi-wjth the liquid surface and are typically constructed of alur
ent temperature, design temperature, product vapor pressurgym alloys.

corrosion conditions and other compatibility factors. Other L .
operating conditions requiring consideration include (but are - Hybrid internal floating roofs shall, upon agreemq
not limited to) anticipated pumping rates, roof landing cycles, betwtt)a_en .the |cf)urchfaser anéi thgbm daDUfa(;[szr%r’ bz azdf
and the potential for turbulence resulting from upsets, such aiom Ination of roof types descri ed in H2.2.b an H y
vapor slugs injected into the tank. Safety and risk factors aving bulkhead compartments with closed-top perime

associated with the roof types shall also be evaldated. : . o
yp These roofs are in full contact with the liquid surface and

H.2.2 The following types of internal floating roofs are typically constructed of steel.
described in this appendix:

, , , : H.3 Material
a. Metallic pan internal floating ro3f8 have a peripheral _ _
rim above the liquid for buoyancy. These roofs are in full con- H.3.1  Internal floating roof materials shall be selected

tact with the liquid surface and are typically constructed of the purchaser after consideration of items listed un
steel. H.2.1. The manufacturer shall submit a complete mate

b. Metallic open top bulk-headed internal floating réofs -— )
3These designs contain no closed buoyancy compartments, an

have peripheral open-top bulk-headed compartments forsubject to flooding during sloshing or during application of fi

internal floating roof tanks generally have reduced fire risk, and theprovided by the pontoon top plate, design to resist buckling of
use of fixed fire suppression systems is often not mandatory. Variousim must be evaluated. These types are considered a fixed roof]
internal floating roof materials will have unique flammability char- (i.e., having no internal floating roof) for the siting requirements
acteristics, melting points and weights (perhaps with reduced NFPA 30.

buoyancy being required). If fire suppression systems are used, cerA single inspection opening per panel module is permitted, reg
tain roof types need to be evaluated for full surface protection. NFPAless of core material; however, core materials producing encld
11 can provide guidance for this evaluation. spaces within a module may result in undetectable combustible]
2The Purchaser should note that this design does not have multiplén areas isolated from the inspection opening. Design buoyancy

flotation compartments necessary to meet the requirements obe based on the loss of any two full panel modules (not cells wi

fighting foam/water solution. Also, without bracing of the rim beir}g
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specification in his proposal. The choice of materials H.4.1.3 All seams in the internal floating roof that are

should be governed by compatibility with the specified lig- exposed to product vapor or liquid shall be vapor tight
uid. Material produced to specifications other than thoseaccordance with H.4.3.1.

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 allowance shall be added to the mini-
mum nominal thickness indicated below. The “nominal

thickness” is the purchased thickness with allowance forH.4.1.5 The non-contact type (H.2.2.€) internal floatin

H.4.1.4 A vapor tight rim (or skirt), extending at least 15
mm (6 in.) above the liquid at the design flotation level, sh

and around all internal floating roof penetrations (colum
ladders, stilling wells, manways, open deck drains and of
roof openings).

n

O

all

be provided around both the internal floating roof periphgry

NS,
her

g

the permissible mill tolerance. roof shall have a vapor-tight rim (or skirt), extending at lefst

100 mm (4 in.) into the liquid at the design flotation lev
H.3.2 STEEL around both the internal floating roof periphery and arod

all internal floating roof penetrations (columns, ladders, st
Steel shall conform to the requirements of Section 2 of thlsIng wells, manways, open deck drains and other roof op

standard. Steel in contact with vapor or liquid shall be 5 mm ings), with the exception of penetrations for pressure-vacu
(3/16in.) minimum nominal thickness. Other steel shall be 2.5 (bleeder) vents (per H.5.2.1).
mm (0.094 in.) minimum nominal thickness.

e H.4.1.6 All conductive parts of the internal floating rog

;|,
nd
Il-
en-
um

f

H.3.3 ALUMINUM shall be electrically interconnected and bonded to the ofiter

. . _ tank structure. This may be accomplished by electric bond
Aluminum shall conform to the requirements of Section 2 shunts in the seal area (a minimum of four, uniformly distr

of ASME B96.1. Aluminum skin shall be 0.51 mm (0.020in.) uted) or flexible cables from the external tank roof to the

minimum nominal thickness. Aluminum floats shall be 1.3 internal floating roof (a minimum of two, uniformly distrib
mm (0.050 in.) minimum nominal thickness. For a sandwich yted). The choice of bonding devices shall be specified by
panel flotation unit, core material shall be at least 25 mm (1.0purchaser, considering strength, corrosion resistance, |
in.) thick, and metallic skin (except carbon steel) shall be 0.41reliability, flexibility, and service life.

mm (0.016 in.) minimum nominal thickness. o
H.4.1.7 Each compartment shall be capable of being fig

H3.4 STAINLESS STEEL inspected for the presence of combustible gas. Insped
openings shall be located above the liquid level and clg

Stainless steel shall conform to the requirements of ASTM compartments shall be capable of being resealed in the
A 240/A 240M (austenitic type only). Stainless steel skin after periodic inspection (to prevent liquid or vapor entr
shall be 0.46 mm (0.018 in.) minimum nominal thickness. Closed-top compartments (types H.2.2.c, d, and g) shal

Stainless steel floats shall be 1.2 mm (0.048 in.) minimumaccessible from the top of the internal floating roof and p
nominal thickness. vided with a secured and gasketed manhole for visual inte}

inspection and the manhole cover shall be provided wit
H.4 Requirements for All Types suitable vent. The top edge of the manhole shall exten

ing
h-

the
bint
01

d-
fion
ed
ield
).
be
O_
nal
h a
d a

minimum of 25mm (1 in.) above the top of the pontoon rign/

H.4.1 GENERAL skirt.

H.4.1.1 An internal floating roof and its accessories shall H.4.1.8 All closed flotation compartments shall be sg
be designed and constructed to allow the roof to operatewelded to prevent liquid or vapor entry, unless otherw|
throughout its normal travel without manual attention and specified by the purchaser. For pontoon, double-deck

Al
se
and

without damage to any part of the fixed roof, the internal hybrid internal floating roofs (types H.2.2.c, d, and

),

floating roof, internal floating roof seals (except for normal included with seal welding the flotation compartment, the fop
wear), the tank, or their appurtenances. The internal floatingedge of each bulkhead shall also be provided with a contjnu-

roof and seals shall be designed to operate in a tank coneus seal weld so that the top edge is liquid and vapor tigh
structed within the dimensional limits defined in Section 5.5

of this standard. H.4.1.9 For metallic sandwich-panel roofs (type H.2.2.1), }f
the use of adhesives is allowed by the purchaser (per H.4]3.4)
H.4.1.2 The internal floating roof shall be designed and to seal the flotation panels (in lieu of welding), all exposed
built to float and rest in a uniform horizontal plane (no drain- adhesives shall be compatible with the product service pnd
age slope required). flotation test water (purchaser shall consider future prodquct
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service, the hydrostatic test condition, and design conditionload distribution, based on anticipated conditions specified by
changes to specify adhesive compatibility). the purchaser.

H.4.1.10 When specified by the purchaser for deck sur H.4.2.6 Calculations for both the floating and supportg¢d
faces above the liquid level, deck drains shall be provided tocondition, considering internal floating roof deflections apd
return any spillage or condensate to the product. Such drainstresses for each of the load conditions required by fhis
shall close automatically or extend at least 100 mm (4 in.)appendix, shall be performed and reported to the purchgser,
into the product to minimize vapor loss. when specified. All calculations for the floating conditign

) . shall be based upon the design specific gravity (per H.4.2{1).
H.4.1.11 Internal floating roofs classified as full contact

types (see H.2.2) shall be designed to minimize trapped vapoH.4.2.7  The manufacturer shall specify the internal floatigg

space beneath the internal floating roof. roof weight and total flotation displacement provided baded
on a flotation level for design specific gravity per H.4.2.1.
H.4.2  INTERNAL FLOATING ROOF DESIGN H.4.2.8 Aluminum load carrying members, assemblies ahd

H.4.2.1 Al internal floating roof design calculations shall connections shall comply with the design requirements of ghe
be based on the lower of the product specific gravity or 0.7 (tolatest edition of the AIumlnuEn Design Manual: Specificg-
allow for operation in a range of hydrocarbon service), tion for Alu'ml.num Structure;, as published by the Alum
regardless of any higher specific gravity that might be speci-N"Um Association, Inc. (Washington, DC).

fied by the purchaser. e H.4.2.9 Steel structural components shall be proportiorfed
so that the maximum stresses shall not exceed the limitatjons

safely support at least two men (2.2 kN [500 Ibf] over 21 m specified in the latest edition of _the “Manual Qf Steel Cqn-
[1 ft2]) walking anywhere on the roof while it is floating or Struction, Allowable Stress Design,” as published by the
resting on its supports without damaging the floating roof ang”AMerican Institute of Steel Construction (Chicago, IL). Fpr
without allowing product on the roof. If specified by the pur- Other steel components, the allowable stress and staffility
chaser, the concentrated load design criteria may be modifie§€duirements shall be jointly established by the purchaserfand
for roofs less than 9 m (30 ft.) diameter (where internal float- "€ manufacturer, as part of the inquiry. Alternatively, a perof
ing roofs may become unstable), to account for access need{€St (simulating the conditions of H.4.2) may be performedjon

: imi ' o1
and expected concentrated live loads. the roof or on one of similar design.

H.4.2.2 The internal floating roof shall be designed to

H.4.2.3 All internal floating roofs shall include buoyancy H.4.3 JOINT DESIGN
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.4.3.1 All seams in the floating roof exposed directly Yo
product vapor or liquid shall be welded, bolted, screwed, fiv-

eted, clamped, or sealed and checked for vapor tightnes$ per
H.6.2.

: . . . . H.4.3.2 Welded joints between stainless steel members pnd
H.4.2.4 All internal floating roofs with multiple flotation -
. : o welded joints between carbon steel members shall conforth to
compartments shall be capable of floating without additional

damage after any two compartments are punctured an(]Section 3.1 of this standard.We_Ided joints between alumifqum
. . - members shall conform to Section 3.1 of ASME B96.1.

flooded. Designs which employ an open center deck in con-

tact with the liquid (types H.2.2.b, c, and g) shall be capableH.4.3.2.1 Single-welded butt joints without backing ar

of floating without additional damage after any two compart- acceptable for flotation units where one side is inaccessibje.

ments and the center deck are punctured and flooded. H.4.3.2.2 Fillet welds on material less than 5 mffy§in.)

H.4.2.5 Internal floating roof supports and deck structural thick shall not have a thickness less than that of the thirjner
attachments (such as reinforcing pads and pontoon end gugnember of the joint.

sets) shall be designed to support the full dead load of tohel—i.4.3.3 Bolted, threaded, and riveted joints are acceptaple

internal floating roof (including all components, such as sealsWhen mutually aareed upon by the purchaser and the mhnu-
and accessories) plus a uniform live load of 0.6 kPa (12.5 Ibf/facturer yag P y P

ft2) over the internal floating roof deck surface while the
internal floating roof is resting on its supports. This uniform H.4.3.3.1 Only austenitic type stainless steel hardwgre
live load may be reduced to 0.24 kPa (5 IBffft the floating shall be used to join aluminum and/or stainless steel confpo-
roof is equipped with operable drains or other means of auto-nents to each other or to carbon steel. Where acceptable T the

1%

matically preventing an accumulation of liquid. Consider- purchaser and the manufacturer, aluminum hardware may be
ation shall also be made for non-uniform support settlement/used to join aluminum components. Aluminum shall be ifo-
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lated from carbon steel by an austenitic stainless steel spaceas polyurethane foam in accordance with ASTM D 3453)Jor
an elastomeric pad, or equivalent protection. liquid contained in a coated fabric envelope. Circumferenfial
- . . . joints on liquid-mounted peripheral seals shall be liquid tight
H.4.3.4 Use of any joint sealing compound, insulating and shall overlap at least 75 mm (3 in.). The material gnd

material, elastor_n_er_ or adhesive must be !ore-approved by th(f‘hickness of the envelope fabric shall be determined after]the
purchaser. The joining procedure along with test results dem-,

onstrating the properties required by this paragraph shall b&IaCtOrS given in H.4.4.2 are considered.
described completely. Where such joints are permitted, anyb. Vapor-mounted rim seal: Means a peripheral seal pgsi-
joint sealing compound, insulating material, elastomeric or tioned such that it does not normally contact the surface offthe
adhesive shall be compatible with the product stored, specistored liquid. Vapor-mounted peripheral seals may inclufie,
fied service conditions, and with materials joined. Resulting but are not limited to, resilient-filled seals (similar in desigin

joints shall be equivalent in serviceability (with the basic to liquid-mounted rim seals per H.4.4.5.a), secondiry
floating roof components), of a size and strength that will mechanical shoe type (similar in design to shoe seals |per
accept the roof design loads without failure or leakage, andH.4.4.5.c) and flexible-wiper seals. Flexible-wiper seal megns
shall have an expected life equal to the service life of the roof.a rim seal comprised of a blade of flexible material suchj as

H.4.3.5 If specified by the purchaser, all steel plate Seamsextrnded rubber or synthetic rubber, with or without a rejn-
exposed to the product liquid or vapor shall be seal Weldedforc'ng cloth or mesh.

(for corrosive service conditions). c. Mechanical shoe (metallic shoe): Means a peripheral $eal
that utilizes a light-gauge metallic band as the sliding congact
H.4.4  PERIPHERAL SEALS with the shell and a fabric seal to close the annular sgace
H.4.4.1 A peripheral seal (also referred to as “rim seal”) between the metallic band and the rim of the floating rgof
that spans the annular space between the internal floating rosleck. The band is typically formed as a series of shqets
deck and the shell shall be provided. When an internal float-(shoes) that are overlapped or joined together to form a fing
ing roof has two such devices, one mounted above the othe@nd held against the shell by a series of mechanical devfces.
the lower is the primary peripheral seal and the upper is theGalvanized shoes shall conform to ASTM A 924 and stall
secondary peripheral seal. When there is only one sucthave a minimum nominal thickness of 1.5 mm (16 gauge)
device, it is a primary peripheral seal, regardless of its mount-and a G90 coating. Stainless steel shoes shall conforrfh to
ing position H.3.3, and shall have a minimum nominal thickness of L(é
mm (18 gauge). The primary shoes shall extend at least|150

H.I4.4.2d ghehperiphek:al sea}lct type angl mgterialf Eha:: b€ m (6 in.) above and at least 100 mm (4 in.) into the liquid at
selected by the purchaser after consideration of both proye design flotation level.

posed and future product service, tank shell construction/con-

dition, maintenance requirgments, regulatory qompliance,H_4_5 ROOF PENETRATIONS
service life expectancy, ambient temperature, design tempera- o )
ture, permeability, abrasion resistance, discoloration, aging, Columns, ladders, and other rigid vertical appurtenanges
embrittlement, flammability, and other compatibility factors. that penetrate the deck shall be provided with a seal that jwill

The various seal types (listed H.4.4.5) will have variable life Permit a local deviation of +125 mm (£S5 in.). Appurtenandes
expectancy and service limitations. shall be plumb within a tolerance of £75 mm (+3 in.).

H.4.4.3 All peripheral seals and their attachment to the H4.6 ROOE SUPPORTS
floating roof shall be designed to accommodate +100 mm (4

in.) of local deviation between the floating roof and the shelt. H.4.6.1  The floating roof shall be provided with adjustabje
) ] . ) supports, unless the purchaser specifies fixed supports.
H.4.4.4 The seal material may be fabricated in sections

resulting in seams, but any such seam shall be joined or otitets.4.6.2  Unless specified otherwise, the height of the flogt-
wise held tightly together along the entire seam. For periph-ing roof shall be adjustable to two positions with the tankjin
eral seals that use a fabric material to effect the seal, th&ervice. The design of the supports shall prevent damage to
requirement in the preceding sentence applies only to the fabthe fixed roof and floating roof when the tank is in an ovpr-
ric and not to any support devices. flow condition.

H.4.45 SealTypes e H4.6.3 _The purchaser sh_aII specify_clearan_ce requiremgnts
to establish the low (operating) and high (maintenance) leyels
a. Liquid-mounted rim seal: Means a resilient foam-filled or of the roof supports. The purchaser shall provide datd to
liquid-filled primary rim seal mounted in a position resulting enable the manufacturer to ensure that all tank appurtenghces
in the bottom of the seal being normally in contact with the (such as mixers, interior piping, and fill nozzles) are cleafed
stored liquid surface. This seal may be a flexible foam (suchby the roof in its lowest position.
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H.4.6.4 Support attachments in the deck area shall beH.5.2 VENTS
designed to prevent failure at the point of attachment. On the .
bottom of the steel welded deck plates (used on types H.2?2'._|'5'2'1 Igtlern dal FI\(/)atTg Roof Pressure-Vacuum
a, b, c, d, and g), where flexure is anticipated adjacent to sup- (Bleeder) Vents

ports or other relatively rigid members, full-fillet welds not  Vents suitable to prevent overstressing of the roof decl

or

less than 50 mm (2 in.) long on 250 mm (10 in.) centers shallseal membrane shall be provided on the floating roof. These
be used on any plate laps that occur within 300 mm (12 in.) ofvents shall be adequate to evacuate air and gases from
any such support or member. underneath the roof such that the internal floating roof is hot

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 Steel pads or other means shall be used to distrib-so that the manufacturer can size the vents. Leg activ
ute the loads on the bottom of the tank and provide a weawents shall be adjustable as required per H.4.6.

surface. With the purchaser’s approval, pads may be omitted

if the tank bottom will support the live load plus the dead load H.5.2.2 Tank Circulation Vents

of the floating roof. If pads are used, they shall be continu-

ously welded to the tank bottom. H.5.2.2.1 Peripheral circulation vents shall be located ¢

the tank roof (unless otherwise specified by the purchag

lifted from resting on its supports during filling operationg,
until floating on the stored liquid. The vents shall also pe

adequate to release any vacuum generated underneath the
roof after it settles on its supports during emptying opefa-
tions. The purchaser shall specify filling and emptying rales

ted

n
er)

H.4.6.7 Aluminum supports shall be isolated from carbon and meet the requirements of H.5.3.3, so that they are alpove

steel by an austenitic stainless steel spacer, an elastomeritie seal of the internal floating roof when the tank is fyl

bearing pad, or equivalent protection, unless specified otherThe maximum spacing between vents shall be 10 m (32]ft),
wise by the purchaser. based on an arc measured at the tank shell, but there Ehall

H.4.6.8 Special protective measures (corrosion aIIowance,Sha" be distributed such that the sum of the open are

material selection, coatings) are to be evaluated for SUPPOM$} e vents located within any 10 m (32 ft) interval is at le
that interface with stratified product bottoms, which may

include corrosive contaminant combinations not found in the
normal product. The purchaser shall specify if any protective
measures are required.

be greater than or equal to 0.08/m (0.2 f&/ft) of tank

resistant coarse-mesh screen [13 Miif.) openings] and
shall be provided with weather shields (the closed ared

H.5 Openings and Appurtenances
H5.1 LADDER area).

H.5.2.2.2 A center circulation vent with a minimum nef
§ppen area of 30,000 mng50 in2) shall be provided at the
center of the fixed roof or at the highest elevation possiblg

H.5.1.1 The tank interior is considered a confined space
environment with restricted access (see APl Recommende
Practice 2026). If specified by the purchaser, the tank shall b
supplied with a ladder for internal floating roof deck access.
If a ladder is not supplied and the floating roof is not steel, a
ladder landing pad shall be provided on the floating roof.
net open vent area).

H.5.2.2.3 If circulation vents (per H.5.2.2.1 an("
H.5.2.2.2) are not installed, gas blanketing or anot
acceptable method to prevent the development of a comp

H.5.1.2 The ladder shall be designed to allow for the fu|
travel of the internal floating roof, regardless of any settling of
the roof supports.

H.5.1.3 The ladder shall be installed within a fixed-roof tible gas mixture within the tank is required. Additionally,

manway, per H.5.5.1. the tank shall be protected by pressure-vacuum vent

not be fewer than four equally spaced vents. The ver%g

9f
st

0.2 n? (2.0 f&). The total net open area of these vents siall

diameter. These vents shall be covered with a corrosfon-

of

the screen must be deducted to determine the net openjvent

on

%he 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 determing the

er
us-

in

accordance with 3.10.8, based on information provided]by

H.5.1.4 If a level-gauge stilling well is provided, the well the purchaser.
may form one or both legs of the ladder, as specified by the
purchaser. H.5.3 LIQUID-LEVEL INDICATION AND

H.5.1.5 The ladder shall not be attached to the tank bottom OVERFLOW SLOTS

unless provision is made for vertical movement at the upperH.5.3.1 The purchaser shall provide appropriate alalm

connection. devices to indicate a rise of the liquid in the tank to a le

el
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above the normal and overfill protection levels (see NFPAH.5.5 MANHOLES AND INSPECTION HATCHES
30 and APl Recommended Practice 2350). Overflow slots
shall not be used as a primary means of detecting an overfilH.5.5.1 Fixed-Roof Manholes

incident. ' : : .
At least one fixed roof manhole, with a nominal openifig

H.5.3.2 The internal floating roof manufacturer shall pro- of 600 mm (24 in.) or larger, shall be provided in the fixgd
vide information defining the internal floating roof and seal roof for maintenance ventilation purposes. If used for acgess
dimensional profile for the purchasers’ determination of the to the tank interior, the minimum clear opening shall pe

maximum normal operating and overfill protection liquid lev- 750mm (30 in.).

els (considering tank fixed roof support, overflow slots or any

other top of shell obstructions). The floating roof manufac- H.5.5.2 Floating-Roof Manholes
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).

At least one internal floating roof deck manhole shall pe
provided for access to and ventilation of the tank when fhe
floating roof is on its supports and the tank is empty. The
manhole shall have a nominal opening of 600 mm (24 in.] or
H.5.3.3 The use of emergency overflow slots shall only be larger and shall be provided with a bolted or secured and §as-
permitted if specified by the purchaser. When emergencyketed manhole cover. The manhole neck dimensions ghall
overflow slots are used, they shall be sized to discharge aineet the requirements of H.4.1.4 and H.4.1.5.
the pump-in rates for the tank. The greater of the product
specific gravity or 1.0 shall be used to determine the over-H.5.5.3 Inspection Hatches
flow slot position so that accidental overfilling will not dam- . . )
age the tank or roof or interrupt the continuous operation of When specified _by the purchaser., |n.spec'F|on hat_ches hall
the floating roof. Overflow discharge rates shall be deter- be Iocate.d on the fixed r.oof to perm|_t visual mspec‘qon of e
mined by using the net open area (less screen) and using $¢8! region. The maximum spacing between inspecfon
product level (for determining head pressure) not exceedingatches shall be 23 m (75 ft), but there shall not be fewer fnan
the top of the overflow opening. The overflow slots shall be four equally spaced hatches. Designs that combine inspegtion

covered with a corrosion-resistant coarse-mesh screen [1§|atches with tank-shell circulation vents (located on the tdnk
mm &> in.) openings] and shall be provided with weather roof) are acceptable. o1
shields (the closed area of the screen must be deducted to
determine the net open area). The open area of emerge’nc'ﬂ's'6 INLET DIFFUSER

overflow slots may contribute to the peripheral venting  purchaser shall specify the need for an inlet diffuser sifed
requirement of H5.2.2.1 prOVided that at least 50 percent Ofto reduce the inlet Ve|ocity tolessthan 1 m (3 ft) per sec nd
the circulation-vent area remains unobstructed during emer-uring initial fill per API Recommended Practice 2003. pIr_

gency overflow conditions. The ﬂoating'rOOf seal shall not chaser shall provide pumpmg rates and any b|ending, p|g£ ng
interfere with the operation of the emergency overflow and recirculation data along with the inlet diameter, for mafiu-
openings. Overflow slots shall not be placed over the stair-facturers determination of the diffuser design and size.
way or nozzles unless restricted by tank diameter/height or

unless overflow piping, collection headers, or troughs ageHq 57 GAUGING AND SAMPLING DEVICES
specified by the purchaser to divert flow.

When specified by the purchaser, the fixed roof and he

H.5.4 ANTIROTATION AND CENTERING DEVICES internal floating roof shall be provided with and/or accomnmnjo-
. ) ~date gauging and sampling devices.
The internal floating roof shall be centered and restrained

from rotating. A guide pole with rollers, two or more sea} 458 CORROSION GAUGE
centering cables or other suitable device(s) shall be provided

as required for this purpose. The internal floating roof shall When specified by the purchaser, a corrosion gauge forf the
not depend solely on the peripheral seals or vertical penetrainternal floating roof shall be provided adjacent to the ladfler
tion wells to maintain the centered position or to resist rota- to indicate the general corrosion rate.

tion. Any device used for either purpose shall not interfere

with the ability of the internal floating roof to travel within H.6 Fabrication, Erection, Welding,
the full operating elevations in accordance with H.4.1.1. Inspection, and Testing

e H.6.1 The applicable fabrication, erection, welding, inspgc-
tion, and testing requirements of this standard shall be fet.
Upon the start of internal floating roof installation, or concyr-
rent with assembly within a tank under construction, the tgnk
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(interior shell and vertical components) shall be inspected kyH.6.4 A flotation test and initial fill inspection shall be cor
the floating roof erector, unless otherwise specified. The pur-ducted by the purchaser. This test may be performed or
pose of this inspection shall be to confirm plumbness of allnessed by the erector, as subject to agreement with
interior components, along with roundness and the conditionpurchaser.

of the shell (for the presence of damage, projections, or
obstructions) to verify that the floating roof and seals will types H.2.2.a, b, ¢, d, and g. shall be given a flotation te

operate properliy. .Any defec.ts, prOJectlon_s ' ob_structhns " water. Internal floating roofs in accordance with types H.2.
tank tolerance limits (exceeding those defined in Section 5.5

. . O ) . ~~and H.2.2.f shall be given a flotation test on water or prod
of this standard), which would inhibit proper internal floating g P
roof and seal operation, that are identified by the internal
floating roof erector shall be reported to the purchaser.

H.6.4.1 Internal floating roofs in accordance with H.5

accessible compartments shall be checked to confirm
they are free from leaks. The appearance of a damp spq

H.6.2 Deck seams and other joints that are required to beth® upper side of the part in contact with the liquid shall
liquid tight or vapor tight per H.4.1.3 shall be tested by the considered evidence of leakage.

joint assembler for leaks. Joint testing shall be performed byH 6.4.2 During initial fill the internal floating roof should
means of penetrating oil or another method consistent withpe checked to confirm that it travels freely to its full heig
those described in this standard for testing cone-roof and/orrhe peripheral seal shall be checked for proper oper

tank-bottom seams, or by any other method mutually agreedhroughout the entire travel of the internal floating roof.
upon by the purchaser and the manufacturer.

vit-
the

i
on
P.e
Lict

at the option of the purchaser. During this test, the roof ang all

that
t é)ln
be

—

ion

pr-

e H.6.4.3 Because of possible corrosive effects, consid

tor shall inspect to verify that the peripheral seal produces artion of the test. Potable water is recommended. For alumifjum

H.6.3 Upon assembly and prior to a flotation test, the erec- ation shall be given to the quality of water used and the d’lra-

acceptable fit against the tank shell. or stainless steel floating roofs, S.4.10 shall be followed.
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I.7.2 The thickness and design metal temperature of thel.7.4 The bottom plates shall be jointed together by butt-
bottom plate shall be in accordance with Figure 2-1.

welds having complete penetration and complete fusion.
Joints shall be visually inspected prior to welding to ensure

1.7.3 The maximum spacing between adjacent or radial ye \eld gap and fit-up will allow complete penetration. Each

grillage members and the bottom plate thickness shall satisfy, (g pass shall be visually inspected. The alignment and
the requirements of 1.7.3.1 and 1.7.3.2.

1.7.3.1 The maximum spacing between adjacent or radial between bottom plates are located approximately above the
grillage members shall not exceed:

b = [1.5Fy(tg—c:A)2 oe
B p

spacing of grillage members shall be such that the joints

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

1.7.3.2 The required minimum thickness of the bottom to prevent web crippling and web buckling as specified in
plate supported on grillage shall be determined by the follow- Chapter K of the AIS@Aanual of Steel Construction, Allow-
ing equation:

where

CA

ty = [bz(p)}oi cA .

maximum allowable spacing (center-to-center)
between adjacent or radial grillage members, in
mm (in.),

Specified minimum yield strength of bottom
plate material, in MPa (psi),

nominal thickness (including any corrosion

allowance) of the bottom plate supported on
grillage, in mm (in.),

corrosion allowance to be added to the bottom
plate, in mm (in.). The purchaser shall specify
the corrosion allowance,

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 internal pressure, or the weight of the
hydrostatic test water, in MPa (psi).

able Stress DesighConcrete grillage members may also be
used.

I.7.6 The purchaser shall specify the corrosion allowance to
be added to steel grillage members. If a corrosion allowance
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 sliding, 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 gl
be anchored to the foundation.

I.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 The tank shell shall be designed to prevent local buck-
ling at the grillage members and consideration shall be given

1.7.3.3  The maximum calculated deflection of the bottom 4 ghell distortion when the spacing of the grillage members
plate at mid-span shall not exceggHCA) / 2:

where

Es

4
d = %Lbbas(tg—CA) /2
E.(t,—CA)

maximum calculated deflection of the bottom
plate at mid-span, in mm (in.),

modulus of elasticity of the bottom plate mate-
rial, in MPa (psi).

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-
guately support the bottom.

I.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
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K Anchorage (if required)
ﬁ - Lateral bracing (if required
Butt-welded joint 9 (frequired) Butt-welded joint
7 AGrillage members /_ ¢
L\

1 A v ol
.

foundation SECTION A-A

Figure I-11—Tanks Supported by Grillage Members (General Arrangement)
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(minimum length and location according to Method A of contact surface between the bottom plates and grillage mem-
Figure 3-10) and radial support members. The radial supporbers by utilizing protective coatings or by adding a corrosion

members shall extend from the circumferential member to allowance to these members.

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.). Although it is not the intent of this appendix to provide
1.7.12 For tanks located in a corrosive environment, and detailed designs for the construction of undertank leak detec-
where atmospheric corrosion due to wet/dry cycles maytion systems and tanks supported by grillage, Figures I-1

occur, consideration shall be given to protecting the undersidghrough 1-11 illustrate the general use and application of the
of the bottom plates, grillage members, and in particular, therecommendations presented in this appendix.

1.8 Typical Installations
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d. A soap film, linseed oil, or another material suitable for J.,5 InSpection of Shell Joints
the detection of leaks shall be applied to all shell, bottom, ) ] o ) )
roof, and attachment welds, and the tank shall be carefully The methods of inspecting shell joints described in Sec-
examined for leaks. tion 6 apply to shop-assembled tanks, but spot radiography
e. After the air pressure is released, the external stiffeningmay be omitted when a joint efficiency of 0.70 is used (see
member shall be removed, and any weld scars shall beA.3.4).
repaired.

_ J.6 Welding Procedure and Welder
J.4.2.3 Repairs Qualifications

All weld defects found by the leak test or by radiographic  the requirements for qualification of welding procedures

examination shall be repaired as specified in Section 6. and welders given in Section 7 apply to shop-assembled
. tanks.

J.4.2.4 Inspection

The purchaser’s inspector shall have free entry to the man 7 Marking
ufacturer's shop at all times. The manufacturer shall afford . .
the purchaser’s inspector reasonable facilities to assure the Shop-assembled tanks shall be marked in accordance with
inspector that the work is being performed in accordance withSection 8, except that 8.1.4 and 8.2 are not applicable. The
the requirements of this standard. All material and workman-nameplate (see Figure 8-1) shall indicate that the tank has
ship shall be subject to the replacement requirements of 4.2.3been designed in accordance with this appendix.






TABLE L-1—INDEX OF DECISIONS OR ACTIONS WHICH
MAY BE REQUIRED OF THE PURCHASER

1.1.9 3.9.6.1 Note E.1l H.5.2.2
1.1.13 3.9.7.1 NotesA&D E.3.1Z, I, W H.5.2.2.3
1.1.19 3.9.7.6 E.3.2.1W; H5.3.1
1.1.20 3.9.7.7 E.3.3.3 H.5.3.2
Table 1-1 App. E, 1,0, & P 3.10.2.2 E.4.1G H.5.3.3
1.3 3.10.2.4 E.5.3G H.5.5.3
211 3.10.2.5.3 E.6.2.6 H.5.6
21.2 3.10.2.7 E.6.2.7 H.5.7
213b&c 3.10.2.8 E.8.1 H.5.8
2213 3.10.3.1 E.8.2 H.6.1
Table 2-1, Note 1 3.10.4.1 F.1.2 H.6.2
225 3.104.4 F.7.4 H.6.4
Table 2-2, Note C 3.10.45 G.1.3.1 H.6.4.1
2.2.6.3 3.10.5 G.1.3.2 H.6.4.2
2271 3.10.6 G.1.3.3 H.6.4.3
2272 3.11.1 G141 1.1.2
2273 4111 G.1.4.2 1.1.3
2274 4.1.2 G.21 1.5.5
2281 42.1 G.24 1.6.2
2292 51.1 G4.221 1.6.3
2.2.104 514 G.4.231 1.6.4

2.3 5211 G.4.232 1.7.1
24.1f 5.2.1.7 G.4.25 1.7.3.2
24.2 5233 G.43 1.7.6
2.6.2 5241 G.5.3 J1.2

2.7 5242 G.6.2 J.3.21
3.1.58.b 53.2.3 G.7 J.3.6.2
3.1.5.9.e 5.35 G.s8.1l J.3.7.1
321 5.3.6.2 G.84.1 J.3.7.2
3.2.2 544 G.8.4.2 J.3.8.2
323 55.1 G.9 J.4.2.2
3.25 6.1.2.7 G.10.1.1 Appendix L
331 6.1.7.2 G.10.1.2 M.2
3.3.2 6.1.8.2 G.11.3 M.4.2
3.33 6.3.4 H.1 N.2.1
3.34 6.6.11 H.2.1 N.2.2.b
34.1 7211 H.3.1 N.2.4
3.6.1.1 Notes 1 & 3 8.1.1.e,f,g,j&n H.4.1.6 N.2.5
3.6.1.2 Figure 8-1, Note H.4.1.8 N.2.6
3.6.1.3 All H.4.1.10 0.2.2
3.6.1.6 Al2 H.4.2.2 0.2.6
3.6.1.7 A34 H.4.2.5 0.3.14
Table 3-2, Note A A41CA H.4.2.6 P.1
3.6.3.2G & CA A6 H.4.2.9 P.8.1
3.6.4.1 A8.2 H.4.3.1 P.8.2
3.7.1.2 B.2.2 H.4.3.3 S.1.2
3.714 B.3.3 H.4.3.3.1 S.21.2
3.7.34 B.3.4 H.4.3.4 S.2.2
3.745 B.4.4.1 H.4.3.5 Table S-1, Notes 1-3 and 5
3.75.2 C.1 H.4.4.2 S.3.2G & CA
3.7.7.1 C31 H.4.6.1 S.4.3.2
Figure 3-4A, Note 1 C.33.2 H.4.6.2 S.4.4.3
Figure 3-4B, Note 6 C.34.2 H.4.6.3 S45.1
Table 3-8, NotesC & H C.37 H.4.6.5 S.49.2
Table 3-9, Note C C.3.8 H.4.6.6 S.4.10.1.1
Figure 3-5, Note 4 Cc.39 H.4.6.7 S.4.10.1.2
Figure 3-9, Note 4 c.3.10.1 H.4.6.8 S.4.13
3.78.1 Cc3.11 H5.1.1 S.6.a
3.8.2 C.3.13 H.5.1.4

3.8.7 C.3.14 H.5.2.1

L-7
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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 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 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°ty* |58HG , 26.2CT(*°_4.8BSty
t (Dt)OS D1.5 (Dt)15

one-half the maximum stress range that occurs in the
annular plate at the shell-to-bottom junction weld, in
MPa. TheH andCT terms must be large enough to
cause a positivB A negativeSindicates that 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 f&is used:

58HG , 26.2CTE°_ | 4.8BSt
(Dt)O.S Dl.5 (Dt)15
When the equation f@is used, the shell thicknetss

must be greater than or equal to the annular-plate
thicknesgy,

G|>

difference between the minimum ambient tempera-
ture and the tank’s maximum operating temperature
O,

specified minimum yield strength of the bottom plate
at the tank’s maximum operating temperature (MPa),
nominal tank diameter (m),

difference in filling height between the full level and
the low level (m),

design specific gravity of the liquid,

= nominal thickness of the tank’s bottom shell course

(mm),
nominal thickness of the annular bottom plate (mm),
factor to account for radial restraint of the tank’s

shell-to-bottom junction with respect to free thermal
expansionCmax= 1.0;Cnyin = 0.25). The actual

design value of shall be established considering

the tank’s operating and warm-up procedure and
heat transfer to the subgrade (see footnote 16),

= 0.85 if noC 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:

2.44

(L.4x 10

N:D Ks 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 design liquid level and temperature cycles
estimated for the tank design life (usually less than
1300). This design procedure contains a conservative
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 eveny, inch of deposited weld metal
while the weld is being made and on the completed
weld. The examination shall be performed before
hydrostatic testing,

2,025 0.5 2
S:O.OS:D tp 9 6.3H0C;+436Cl'£t _ BS/ER)S_G
t (Dt)” D" (Dt)”

= one-half the maximum stress range that occurs in the
annular plate at the shell-to-bottom junction weld, in
pounds per square inch. THeandCT terms must be
large enough to cause a posittvé\ negativeS indi-
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 Bis used:

BS t,
(Dt)*®

6.3HG , 436CTt”

G|>
(Dt)O.S D1.5
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When the equation f@is used, the shell thickness ~ M.5  Self-Supporting Roofs

tmh;itntéisreater than or equal to the annular-plate M.5.1 The requirements of 3.10.5 and 3.10.6, which are
b 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 plates, as defined in 3.10.5 and

(°F), 3.10.6, shall be increased by the ratio of 199,000 MPa
. o i (28,800,000 psi) to the material’'s modulus of elasticity at the
S = specified minimum yield strength of the bottom maximum operating temperature.
plate at the tank’s maximum operating temperature

(Ibf/in.2) M.5.2 Table M-2 shall be used to determine the material’s
e modulus of elasticity at the maximum operating temperature.
D = nominal tank diameter (ft),

H = difference in filling height between the full level and M.6  Wind Girders
the low level (ft), In the equation for the maximum height of unstiffened
shell in 3.9.7.1, the maximum height;] shall be reduced by
the ratio of the material's modulus of elasticity at the maxi-
t = nominal thickness of the tank’s bottom shell course mum operating temperature to 199,000 MPa (28,800,000 psi)
(in.), when the ratio is less than 1.0 (see Table M-2 for modulus of
elasticity values).

G = design specific gravity of the liquid,

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
expansionCmax= 1.0;Cnin = 0.25). The actual

Table M-2—Modulus of Elasticity at the Maximum
Operating Temperature

design value o€ shall be established considering Maximum Operating N
the tank’s operating and warm-up procedure and Temperature Modulus of Elasticity
heat transfer to the subgrade (see footnote 16), °C °F MPa Ibf/in?
= 0.85 if noC factor is specified by the purchaser, 90 200 199,000 28,800,000
. 1 1 2
B = foundation factor (see footnote 16), 50 300 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 P—ALLOWABLE EXTERNAL LOADS ON TANK SHELL OPENINGS

Note: This appendix is based on H. D. Billimoria and J. Hagstrom's P.3  Nomenclature

“Stiffness Coefficients and Allowable Loads for Nozzles in Flat Bot-
tom Storage Tank&” and H. D. Billimoria and K. K. Tam’s “Exper-
imental Investigation of Stiffness Coefficients and Allowable Loads
for a Nozzle in a Flat Bottom Storage TafAR.”

P.1 Scope

This appendix establishes minimum recommendations for
the design of storage-tank openings that conform to Table 3-6
and will be subjected to external 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,
special 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 experience is available.

P.2 General

The design of an external piping system that will be con-
nected to a thin-walled, large-diameter cylindrical vertical
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 at an opening connection, only
one forceFgr, and two momentsdyl. andMc, are normally
considered significant causes of shell deformation (see P.3 for
a description of the nomenclature).

174, D. Billimoria and J. Hagstrom, “Stiffness Coefficients and YF,

Allowable Loads for Nozzles in Flat Bottom Storage Tanks,” Paper
77-PVP-19, American Society of Mechanical Engineers, New
York, 1977.

184, D. Billimoria and K. K. Tam, “Experimental Investigation of
Stiffness Coefficients and Allowable Loads for a Nozzle in a Flat
Bottom Storage Tank,” Paper 80-C2/PVP-59, American Society of
Mechanical Engineers, New York, 1980.
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a=

Y|_ =

outside radius of the opening connection (mm) (in.),

modulus of elasticity (MPa) (Ibf/if). (see Table P-1),

radial thrust applied at the mid-surface of the tank
shell at the opening connection (N) (Ibf),

pressure end load on the opening for the pressure
resulting from the design product head at the eleva-
tion of the opening centerlinea2P (N) (Ibf),

design specific gravity of the liquid,

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.-Ibf/radian),

stiffness coefficient for the radial thrust load
(N/mm) (Ibf /in.),

vertical distance from the opening centerline to the
tank bottom (mm) (in.),

= circumferential moment applied to the mid-surface

of the tank shell (N-mm) (in.-Ibf),

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) (IbfA).

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)] (see Table P-1),

characteristic parameter, 1.28%j0-5 (1/mm)
(1/in.),

al (R)05,
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Table P-1—Modulus of Elasticity and Thermal
Expansion Coefficient at the Design Temperature

Design Thermal Expansion
Temperature  Modulus of Elasticity Coefficient
— MPa (psi) [mm x 10-%/(mm-°C)]
°C °F E (inchesx 1076 per inch-°F)
20 70 203,000 (29,500,000) —
20 200 199,000 (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. = shell rotation in the vertical plane at the opening

connection resulting from the longitudinal moment

(radians).

P.4 Stiffness Coefficients for Opening
Connections

The stiffness coefficient§g, K, andK¢ corresponding to

P.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
9 = wﬁ x %_Be_BL[cos(BL) + Sin(BL)]g

In US Customary units:

g = %x %%_Be‘“[cos(m) + sin(BL)]g

P.6 Determination of Loads on the
Opening Connection

The relationship between the elastic deformation of the
opening connection and the external piping loads is expressed
as follows:

Fr M, O
WR:——Ltan?LD+W
Kgr L
M 4OFsO
L 1UFR
6, = — —tan +6
L B__D
KL KdJ

M
BC:_C
Ke

Kr, KL, andK¢ are the shell stiffness coefficients deter-

the piping load$g, M, andMc at an opening connection, as  mined from Figures P-2A through P-2lg, 6, and6c are

shown in Figure P-1, shall be obtained by the use of Figureshe resultant radial deflection and rotation of the shell at the

to interpolate intermediate values of coefficients.

P.5 Shell Deflection and Rotation
P.5.1 RADIAL GROWTH OF SHELL

andMc and the product head, pressure, and uniform or differ-
ential temperature between the shell and the tank bdggm.
M., andMc shall be obtained from analyses of piping flexi-
bility based on consideration of the shell stiffness determined
from Figures P-2A through P-2L, the shell deflection and

The unrestrained outward radial growth of the shell at the rotation determined as described in P.5, and the rigidity and
center of the opening connection resulting from product headrestraint of the connected piping system.

and/or thermal expansion shall be determined as follows:
In Sl units:

_ 9.8x 10°GHR

_ePt _L
= [1 e " cos(BL) H}+0(RAT

01‘ w

In US Customary units:

_ 0.036GHR 8L L
01‘ W = = X[l—e cos(BL)—-ﬁ}+aRAT

P.7 Determination of Allowable Loads for
the Shell Opening

P.7.1 CONSTRUCTION OF NOMOGRAMS

P.7.1.1 Determine the nondimensional quantitio&/
(RY0-3, Xg/(R1)0-3, andXc/(R1)9-> for the opening configura-
tion under consideration.

P.7.1.2 Lay out two sets of orthogonal axes on graph
paper, and label the abscissas and ordinates as shown i gllg
ures P-3A and P-3B, where YC, YF, and YL are coefficiefts
determined from Figures P-4A and P-4B.
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_’I |‘_ WRF(+)
| | RADIAL LOAD Fq
Y o
A
Fr D
R 0 < Wee = Fr/Kg
| Mc =My LO)
\ L B, = tan-! (W /L)
R F.=F,
A —
A
//é\
@V
y LONGITUDINAL MOMENT M,
4
| X
©
A N g = = g
/ Fr=Fx M; = My
z Wey = (-L) tan (8,)
><< - ><O
3 —| |t
5
l |

CIRCUMFERENTIAL
MOMENT M.

()

Figure P-1—Nomenclature for Piping Loads and Deformation

P.7.1.3 Lay out two sets of orthogonal axes on graph paper,P.7.2.4 The external piping loadBg, M|, andM¢ to be

and label the abscissas and ordinates as shown in Figures P-3fposed on the shell opening are acceptable if both points
and P-3B, wher&¢, Yg, andY_ are coefficients determined determined from P.7.2.2 and P.7.2.3 lie within the boundaries
from Figures P-4A and P-4B. of the nomograms constructed for the particular opening-tank

) ) configuration.
P.7.1.4 Construct four boundaries for Figure P-3A and two

boundaries for Figure P-3B. Boundart@sandb, shall be P.8 Manufacturer and Purchaser
constructed as lines at 45-degree angles between the abscissa  Responsibility

and the ordinate. Boundaries, c;, andcs shall be con-
structed as lines at 45-degree angles passing through the
culated value indicated in Figures P-3A and P-3B plotted o
the positive x axis.

o 8.1 The manufacturer is responsible for furnishing to the
npurchaser the shell stiffness coefficients (see P.4) and the
unrestrained shell deflection and rotation (see P.5). The pur-
chaser is responsible for furnishing to the manufacturer the
magnitude of the shell-opening loads (see P.6). The manufac-
P.7.2 DETERMINATION OF ALLOWABLE LOADS turer shall determine, in accordance with P.7, the acceptabil-
ity of the shell-opening loads furnished by the purchaser. If
the loads are excessive, the piping configuration shall be
modified so that the shell-opening loads fall within the

P.7.2.1 Use the values fdfgr, M|, andM¢ obtained from
the piping analyses to determine the quantitied RYg)

(FRIFp), (A /@Y )(ML/Fp), and & / aYc)(Mc/Fp). boundaries of the nomograms constructed as in P.7.1.
P.7.2.2 Plot the point X / 2Yg)(Fr/Fp), A\ / aY))(M /Fp) e P.8.2 Changing the elevation of the opening and changing
on the nomogram constructed as shown in Figure P-5A. the thickness of the shell are alternative means of reducing

_ stresses, but because these measures can affect fabrication,
P.7.2.3 Plot the pointX / 2YF)(Fr/Fp), (A / aYc)(Mc/Fp) they may be considered only if mutually agreed upon by the
on the nomogram constructed as shown in Figure P-5B. purchaser and the manufacturer.
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Stiffness coefficient K [E x (2a) for radial load on nozzle

Stiffness coefficient K, [E x (2a)3 for longitudinal moment

1x102

1x10-3

1x10

1x10-°

1x10-%

Reinforceme

nt on shell

L[2a=1.0

/

\ — a /R =0.005

/

300

400
500
600
700
800
900
1000

2000

3000

Figure P-2A—Stiffness Coefficient for Radial Load:
Reinforcement on Shell (L / 2a = 1.0)

1x1072

1x10-3

1x10*

1x10-°

1x10-°

Figure P-2B—Stiffness Coefficient for Longitudinal Moment:

Reinforcement on shell

E Lf2a=1.0 E
- \\ [ /R =0.005 .
- \\ -
- \\ A a/rR=002 .
- < ]
B ~ § i
- K N -
- a /R =0.04 ]
— \ —
I~

- R/t ——~ ]
o o o o O OO O o

o o o O O O O O o

Reinforcement on Shell (L / 2a =1.0)

3000
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Stiffness coefficient K [E x (2a)? for longitudinal moment

Stiffness coefficient K. [E x (2a)3 for circumferential moment

1x102

1x10-2

1x10*

1x10-°

1x10-%

Figure P-2K—Stiffness Coefficient for Longitudinal Moment:

1x10-?

1x10-3

1x10

1x10-°

1x10°°

Figure P-2L—Stiffness Coefficient for Circumferential Moment:

Reinforcement on opening (neck) only

E Lf[2a=15 E
= N ',f—a/Rzo.OOS .
- \\ ]
N
- \\,——a/R:ooz i
§ ~ \\ §
C I~ N ]
- \ —
B ~L_ _
N

E \ a/R=004 N E
o o o o O O O O o o
o o o O O O O O o o
™ < n © N~ 00O O o o

— N ™

Reinforcement in Nozzle Neck Only (L / 2a = 1.5)

Reinforcement on opening (neck) only

E Lf2a=15 E
- \\<——a/R=0.005 .
L Ny _
= \ ~— a[rR=0.02 \ i
g N E
- N -
N i
I

E \a/R=0.04\\ E
- R/t——» .
o o o O OO O o o

8 % 8 3R888 g 3
— N ™

Reinforcement in Nozzle Neck Only (L / 2a = 1.5)
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P.9 Sample Problem In US Customary units:

P.9.1 PROBLEM

A tank is 80 m (260 ft) in diameter and 19.2 m (64 ft) high, At = 3.0x 10”7
and its bottom shell course is 34 mm (1.33 in.) thick. The tank E(2a)
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 bottom plate, with rein-
forcement on the opening (neck) only (see Figure P-6). What are
the end conditiond¥, 6, Kg, K, andKc) for an analysis of pip-

K. = (3.0x 10%)(28.8x 10F)(24)3

=119x 1 in.-Ib/rad

ing flexibility? What are the limit loads for the nozzle?

a = 305mm (12 in.),
L = 630 mm (24.75in.),
H = 19,200 mm (64 12 = 768 in.),
AT = 90-20=70°C (200 — 70 = 130°F),
R = 80,000/2 = 40,000 mm ((26012)/2 = 1560 in.),

t

34 mm (1.33in.).

P.9.2 SOLUTION

P.9.2.1 Calculate 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 the radial load (from Figure P-2G),
In Sl units:

KR
E(2a)
Kr = (3.1x 10%(199,000 N/mrf)(610 mm)
=37.6 N/mm

= 3.1x 107

In US Customary units:
KR
E(2a)
Kr = (3.1x 10%)(28.8x 1(° Ib/in.2)(24 in.)
= 214x 108 Ibf/in.

= 3.1x 107

For the longitudinal moment (from Figure P-2H),
In Sl units:
KL
E(2a)°
KL = (3.0x 104)(199,000 N/mrf)(610 mm)
= 13.6x 1°® N-mm/rad

= 3.0x 107

For the circumferential moment (from Figure P-21),
In Sl units:

KC
E(2a)®

= 5.0x 107

Kc = (5.0x 104)(199,000 N/mrR)(610 mm§

= 22.6x 1P N-mm/rad

In US Customary units:

K
C_ -50x10"
E(2a)

Kc = (5.0x 104)(28.8x 105)(24)3

=199x 1 in.-Ib/rad

P.9.2.2 Calculate the unrestrained shell deflection and rota-
tion at the nozzle centerline resulting from the hydrostatic
head of the full tank:

In Sl units:

1.285 _ 1285

= 5% = s " 0.00110 mm
(RY%°  (40,000% 34

BL = (0.00110)(630) = 0.7 rad
—6
_ 9.8x 10°GHRYT, L L
E = [1—e cos(BL)——|_—J+0(RAT 00

(9.8x 10°)(1)(19,200(40,000°
(199,000 (34)

[1—60'7cos(0.n—16ﬂ

6
5 200 * (12.0<10°9(40,000)(70)

= 59.77 mm
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(A JaY ) (M [Fp)

0.1or
| « & , [1.0-0.75X 5/ (Rt)°5],

whichever is greater

(N 2Ye) (Fe [Fp)

— O.dor
[1.0-0.75X 4/ (R1)°5],
— whichever is greater

-1.0

Figure P-3A—Construction of Nomogram for b4, bs, ¢4, Co Boundary

(A JaYe) (Mc [Fy)

10 —
B 0.1or
| & . [1.0-0.75X [ (R1)°°],
whichever is greater
b, 1
1
LA L Lol (A [2Ye) (Fr [Fe)
-1.0 -05 1.0

Figure P-3B—Construction of Nomogram for b1, cz Boundary
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Two-thirds of the required reinforced area must be located

within a + 0.5 (Rt )°5 of the opening centerline
Ig—ﬂ

30 T T TTTTT
20
10
LY,
e
>J
S 5[ =
g - \ ]
- —
2
. J/ \
1E =
07 C | L .
0.1 0.2 0.3 0.5 1.0 2.0

A=a/ (Rt)os = (a/ R)(R/1)°s

Figure P-4A—Obtaining Coefficients Yg and Y

6 2
ol oo 98x10 GHRZSE_BG—BL[COS(BL)+Sin(BL)]E _ 0.036( )(768)(1560) 1_6_0'7003(0'7)_274_621
Et ™ 0 (28.8x 18)(1.33
+ (6.67x 10-6)(1560)(130)
_ (9.8 10°)(1)(19,200(40,000° = 2.39 inches
(199,000 (34) -
6 = 25BHR L _pePicos(pL) + sin(BLIIE
g1 0.7 . g O O
%WO_O'OOHE [cos(0.7)+sin( 0.7]0
, 0 ZD
- 0.036 (768)(1560 U1

869 T cos(0.7)+sin( 0.7]5
68 .

(28.8x 1§)(1.33
—0.032 rad

= —0.032 rad

In US Customary units: Perform the analysis of piping flexibility using, 6, Kg,

1.285 _ 1.285

= 5% = 5E 0.0282 in. connection.
(RY)™ (1560x 1.33™

Xa 935 mm (36.75in.)

BL = (0.0282)(24.75) = 0.7 Xg = 325mm (12.75in.)
Xc = 630 mm (24.75in.)

= WZ 1_9‘[3'-003(&)_5} +aRAT Determine the allowable loads for the shell opening, as in

5

W
Et P.9.2.3.

K., andK¢ as the end conditions at the nozzle-to-piping
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1000

500

300

200

100

50

30

20

10

Two-thirds of the required reinforced area mu

within

a+05(R

t )25 of the opening centerline :

st be located

0.1

0.2 0.3

0.5 1

A=a/Rt)°5=@/[R) R/ )0

Figure P-4B—Obtaining CoefficientY¢

.0 2.0

3.0

5.0

10.0
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1.0 — O\/aYL)(M L/FP)

+Fg, +M
( —Fr, +M (tension at B controls)
compression

at A controls)

Ll o2v) (FefFo)

+Fa, =M
(tension at A controls)

—Fr, —M -
(compression N
at B controls) N

Figure P-5A—Determination of Allowable Loads from Nomogram: Fr and M

AM,
A “E: M.
1.0 /— (A [aYe) (M [Fp) B | Fr

+Fp, £M
(tension at C' controls)

—Fg £M¢
(compression
at C controls)

Ll J2Ye) (e /Fo)
-1.0 -0.5 0.5 1.0

Figure P-5B—Determination of Allowable Loads from Nomogram: Fgr and M¢
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P.9.2.3 Determine the nondimensional quantities:

L =630 mm (24.75")

l

«—— 34 mm (1.33")

2a =610 mm (24")

Figure P-6—Low-Type Nozzle with Reinforcement in
Nozzle Neck Only (for Sample Problem)

In Sl units:
Xa 935
= = 0.80
(RY%®  [(40,000(34)]%°
Xg 325
= =0.28
(RY%®  [(40,000(34)]%°
Xc 630
= = 0.54
(RY%>  [(40,000(34)]%°
A 305
A= = = 0.26
(RY%®  [(40,000(34)]%°
In US Customary units:
Xa 36.75
05 05 0.81
(RY) [(1560)(1.33)]
Xg 12.75
05 05 0.28
(RY) [(1560)(1.33)]
Xc 24.75
05 05 0.54
(RY) [(1560)(1.33)]
A 12
A= = = 0.26
(RY%>  [(1560)(1.33]°°

From Figures P-4A and P-4B,

Y. = 7.8 mm(in.)
Ye = 2.0 mm (in.)
Yc = 15.0 mm (in.)

P.9.2.4 Construct the load nomograms (see Figure P-7):

In Sl units:
X
1.0- 0.75—B_ = 1.0- 07553220 = ¢.79
05 166
(RY)
X
1.0- 0.75—A_ = 1.0- 0752320 = (.40
05 166
(RY)
10—075X—C = 1.0- 07518390 _ (59
0-0. 55 = L0- 075720 = 0.

(RY™
Fp = Pra’ = (9800)(1.0)(19.2— 0.6391(0.305°
= 53,200 N

AN 026 0 Frp_ 6
Tnﬁ = 22053200 - 12210 Fr

MO M .
Aty = 926 0 TLD - 5 05x 10%m,
aY, e (305)(7.8)[53,200]

AN MO 026 gMcp_ 9
AV oo - (305(15)B3,2000 - 07 10 Me

P-15
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In US Customary units:

Xg 2.75] _
1.0- 075— 1.0- 0.7 = 0.79
45.60
(R
X
1.0- 0.75—A_ = 1.0- 0.7528:7%1 = 940
(RS 45.60

10-0.75C_ = 10 0.76247%1 - 050
E 5.6

Fo = Pria? = {(62.4)(1.0)

2
g }[(64)(12)—24.75}1‘[12

=12,142 pounds

AP o026 OFgr O
Tnﬁfﬁ (2)(20)%214% 5.35% 10°Fp

A MO 026 DM O, 0 159y
aY Fpo (12)(7. 8)%2 145 L

0.26 O M¢

A
= 119x 10°M
aYeFpO (12)(15)%2 14% c

P.9.2.5 Determine the limit piping loads.
ForM_ = 0 andVic =0,

A 0P 6
~o—[=1] = 5.35x 10 Fr<0.4
2YeOed

A PO 6
[0 = 1.22x 10 Fr<0.4
2YeO e

Therefore,
_ 04 _ ; |
Frmax — = 328,000 N (tension at A controls)
1.22x 10
Fooo =—94 _ =74800 pound ion at A |
Rmax- —— ¢ — /4,800 pounds (tension at A controls)
5.35x 10

ForM_ =0 and-r =0,

W\ -
A 5565 - 1.07% 10°M <059
aYcOFpO

M .
A 529 = 110x 10°M <059
aYcoFpO

Therefore,
M -_059 550x 1P N-mm (tension at QGzontrols)
Cmax™ 9
1.07x 10
_ 059 _ Fi .
Mcmaxs ————— =4.95x 1(°in./Ibs (tension at @ontrols)
1.19x 10

ForFr=0andVc =0,

A MO 9
—%Lu = 2.05x 10°M, <0.4
aY oFeO

A MO 9
2G4 = 220% 10°M, <0.4
aY_tFeO

Therefore,
M = 04 =195x 1P N i A I
Lmax- —— 9 -mm (tension at A controls)
2.05x10
_ 04 _ ®Fi .
M| max= ———— = 1.74x 1(®in./Ibs (tension at A controls)
2.3x10

P.9.3 SUMMARY

The limit piping loads are as follows:

In Sl units:

Frmax= 328,000 N (tension at A controls)

Mcmax = 550% 1P N-mm (tension at QGcontrols)

M max = 195x 10° N-mm (tension at A controls)

In US Customary units:

Frmax= 74,800 pounds (tension at A controls)
Mcmax = 4.95x 1P in.-Ibs (tension at Gontrols)

M max = 1.74x 10 in.-Ibs (tension at A controls)
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(\ay)) M [Fp)

—Fp*M,

(compression at A controls) \

+Fg, t M
/— (tension at B controls)

(A 2Ye) (Fe[Fy)
I
-1.0 . . 1.0
1
\\_ +Fr =M,
(tension at A controls)
- FR' - ML |
(compression at B controls) -05
M <— 04 —>
A
A 4
M -1.0
C Fr
B L (A faYe) M [Fy)
— 1.0

<4—— 059 —»

—Fg, M 1 +Fp £ M,
(compression at C controls) \ 1 | _—— (tension at C' controls)
1 /
1

(N 2Ye) (Fe [Fy)
| | |

I I I I
-1.0 -05 0.5 1.0

Figure P-7—Allowable-Load Nomograms for Sample Problem
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S.3.2 SHELL DESIGN

Note: The allowable stresses recognize the increased toughness of
stainless steels over carbon steels and the relatively low yield/tensile

The required minimum thickness of shell plates shall be ratios of the stainless steels. The increased toughness permits
the greater of the values computed by the following formulas designing to a higher proportion of the yield strength, however, the
and the shell thickness shall not be less than the nominal platganufacturer and purchaser shall be aware that this may result in
thickness listed in 3.6.1.1:

In Sl units:

where

O IO &

m

_ 49D(H-0.3)G
ty = —-—————(Sd)E +CA
4.9D(H -0.3)

" ®E

design shell thickness (mm),

hydrostatic test shell thickness (mm),

nominal diameter of tank (m) (see 3.6.1.1),
design liquid level (m) (see 3.6.3.2),

specific gravity of the liquid to be stored, as speci-
fied by the purchaser,

joint efficiency, 1.0, 0.85, or 0.70 (see Table S-4),
corrosion allowance (mm), as specified by the
purchaser (see 3.3.2),

allowable stress for the design condition (MPa)
(see Table S-2),

allowable stress for hydrostatic test condition
(MPa) (see Table S-2).

In US Customary units:

where

O I O &

m

26D(H-1)G ,
(SHE
2.6D(H —1)
(S)(E)

t, = CA

t, =

design shell thickness (in.),

hydrostatic test shell thickness (in.),
nominal diameter of tank (ft) (see 3.6.1.1),
design liquid level (ft) (see 3.6.3.2),

specific gravity of the liquid to be stored, as speci-
fied by the purchaser,

joint efficiency, 1.0, 0.85, or 0.70 (see Table S-4),
corrosion allowance (in.), as specified by the pur-
chaser (see 3.3.2),

allowable stress for the design condition (Ibfjin.
(see Table S-2),

allowable stress for hydrostatic test condition
(Ibf/in.2) (see Table S-2).

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 as follows:

Minimum Nominal

Size of Nozzle Neck Thickness
NPS 2 and less Schedule 80S
NPS 3 and NPS 4 Schedule 40S
Over NPS 4 6 mm (0.25in.)

Note: Reinforcement requirements of 3.7 must be maintained.

S.3.3.2 Thermal 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 material 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 As an alternative to S.3.3.3, plate ring flanges may
be designed in accordance with API Standard 620 rules using
the allowable stresses given in Table S-3.

S.3.4 ROOF MANHOLES

All stainless steel components of the roof manhole shall
have a minimum thickness of 5 mé g in.).

S.3.5 APPENDIX F—MODIFICATIONS

S.35.1 In F4.1 and F.5.1, the value of 212 MPa (30,800
psi) shall be multiplied by the ratio of the material yield
strength at the design temperature to 220 MPa (32,000 psi).
(See Table S-5 for yield strength.)

S.3.5.2 In F.7.1, the shell thickness shall be as specifieq in
S.3.2 except that the press@rfn kPa (in. of water)] divided

by 9.85 (12G) shall be added to the design liquid height |A*
meters (ft). The maximum joint efficiency shall be 0.85.

S.3.5.3 In F.7.2, the allowable compressive stress of 140
MPa (20,000 psi) shall be multiplied by the ratio of the mate-
rial yield stress at the design temperature to 220 MPa (32,000
psi). (See Table S-5 for yield strengths.)
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S.3.6 APPENDIX M—MODIFICATIONS S.4.3 THERMAL CUTTING

S.3.6.1 Appendix M requirements shall be met for stain- S.4.3.1 Thermal cutting of stainless steel shall be by the
less steel tanks with design temperatures over 40°C (100°F)ron powder burning carbon arc or the plasma-arc method.

as modified by S.3.6.2 through S.3.6.7. e S.4.3.2 Thermal cutting of stainless steel may leave a heat-
S.3.6.2 Allowable shell stress shall be in accordance with affected zone and intergranular carbide precipitates. This
Table S-2. heat-affected zone may have reduced corrosion resistance

S.3.6.3 In M.3.4, the requirements of 3.7.7 for flush-type unless removed by machining, grinding, or solution anneal-

cleanout fittings and of 3.7.8 for flush-type shell connectionsinf? atn((jj quenqhitngl.o The purc(;\aser shall specify if the heat-
shall be modified. The thickness of the bottom reinforcing afiected zone Is fo be removed.

plate, bolting flange, and cover plate shall be multiplied by
the greater of (a) the ratio of the material yield strength atS'4'4 FORMING

40°C (100°F) to the material yield strength at the design tem-S.4.4.1 Stainless steels shall be formed by a cold, warm, or
perature, or (b) the ratio of 205 MPa (30,000 psi) to the mate-hot forming procedure that is noninjurious to the material.

rial yield strength at the design temperature. (See Table S-5 . -
for yield strength.) S.4.4.2 Stainless steels may be cold formed, providing the

maximum strain produced by such forming does not exceed
S.3.6.4 In M.3.5, the stainless steel structural allowable 10% and control of forming spring-back is provided in the
stress shall be multiplied by the ratio of the material yield forming procedure.

strength at the design temperature to the material yield

strength at 40°C (100°F). (See Table S-5 for yield strength.} S-4:4.3 Warm forming at 540°C (1000°F) to 650°C
(1200°F) may cause intergranular carbide precipitation in

S.3.6.5 The requirements of M.3.6 and M.3.7 are to be 304, 316, and 317 grades of stainless steel. Unless stainless
modified per S.3.5.1. steel in this sensitized condition is acceptable for the service

S.3.6.6 In M5.1, the requirements of 3.10.5 and 3.10.6 Of the equipment, it will be necessary to use 304L, 316L, or
shall be multiplied by the ratio of the material modulus of 317L grades or to solution anneal and quench after forming.
elasticity at 40°C (100°F) to the material modulus of elastic- Warm forming shall be performed only with agreement of the

ity at the design temperature. (See Table S-6 for modulus ofUrchaser.
elasticity.) S.4.4.4 Hot forming, if required, may be performed within
S.3.6.7 In M.6 (the equation for the maximum height of @& temperature range of 900°C (1650°F) to 1200°C (2200°F).

unstiffened shell in 3.9.7.1), the maximum height shall be 5445 Forming at temperatures between 650°C (1200°F)
multiplied by the ratio of the material modulus of elasticity at and 900°C (1650°F) is not permitted.

the design temperature to the material modulus of elasticity at
40°C (100°F). S.4.5 CLEANING

S.4 Fabrication and Construction e S.45.1 When the purchaser requires cleaning to remove
surface contaminants that may impair the normal corrosion
S.4.1 GENERAL

resistance, it shall be done in accordance with ASTM A380,

Special precautions must be observed to minimize the riskunless otherwise specified. Any additional cleanliness
of damage to the corrosion resistance of stainless steelrequirements for the intended service shall be specified by the
Stainless steel shall be handled so as to minimize contacpurchaser.

with iron or other types of steel during all phases of fabrica- S.452 When welding is completed, flux residues and

tion and construction. The following sections describe the ;.14 spatter shall be removed mechanically using stainless
major precautions that should be observed during fabrication

X steel tools.
and handling.
S.4.5.3 Removal of excess weld metal, if required, shall be
S.4.2 STORAGE done with a grinding wheel or belt that has not been previ-

Storage should be under cover and well removed fromous‘Iy used on other metals.

shop dirt and fumes from pickling operations. If outside stor- S.4.5.4 Chemical cleaners used shall not have a detrimen-
age is necessary, provisions should be made for rainwater teal effect on the stainless steel and welded joints and shall be
drain and allow the material to dry. Stainless steel should notdisposed of in accordance with laws and regulations govern-
be stored in contact with carbon steel. Materials containinging the disposal of such chemicals. The use of chemical
chlorides, including foods, beverages, oils, and greasescleaners shall always be followed by thorough rinsing with
should not come in contact with stainless steel. water and drying (see S.4.9).



APPENDIX T—NDE REQUIREMENTS SUMMARY
Reference

Process Welds Requiring Inspection Section
Air Test Reinforcement plate welds inside and outside to 100 kPa (159bf/in. 5.35
Air Test Roofs designed to be airtight if roof seams are not vacuum box tested. 53F]La
Air Test Drain pipe and hose systems of primary drains of external floating roofs. C4b
Air Test Appendix F tanks with anchors. F.7.6
Air Test Aluminum dome roofs if required to be gastight. G.10.1.p
Air Test Shop built tanks J4.2.2
Hydro Tank shell. 5.3.6.a
MT Flush-type shell connections: nozzle-to-tank shell, repad welds, shell-to-bottom reinforcing pad welds ¢h7.8.11

the root pass, eaély inch of weld, and completed weld. After stress relieving before hydro test.
MT Permanent attachment welds and temporary weld removal areas. 5.2.3.
MT Welds attaching nozzles, manways, and clean out openings. 5.2.3/4
MT First pass of the internal shell-to-bottom weld. 5.24.1.a
MT Final shell-to-bottom welds, inside and outside instead of MT, PT, pen. oil, or VB of the initial inside [pass. 5.2142.c
Pen. Qil All seams of internal floating roofs exposed to liquid or vapors. H.4.3/4
Pen. Oil First pass of the internal shell-to-bottom weld if approved instead of MT or PT. 5.2.4.1.d
Pen. QOil Tank shell if no water for hydrostatic test. 5.3.6.b
Pen. Oil Deck seams of external floating roofs. CA4.2 01
PT Permanent attachment welds and temporary weld removal areas instead of MT if approved. 5.2.B.5
PT Welds attaching nozzles, manways, and clean out openings instead of MT if approved. 5.2.4.6
PT First pass of the internal shell-to-bottom weld if approved instead of MT. 5.2.4/1pp

orc

PT Final shell-to-bottom welds, inside and outside instead of MT, PT, pen. oil, or VB of the initial inside| pass. 5.242.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 attachments to shells, and a$.4.14.2

butt welds of shell plates and annular plates of stainless steel tanks.
RT Shell plate butt welds. 5.3.2.1
RT Butt welds of annular plates that are required by 3.5.1 or M.4.1. 6.1.2.9
RT Flush-type shell connections: 100% of all longitudinal butt welds in the nozzle neck and transition pigce,3f7.8.11

any, and the first 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 alternative to vacuum box testing. 5.33p
uT When specified for weld examination. 6.3.1
VB First pass of the internal shell-to-bottom weld if approved instead of MT, PT, or pen. oil. 5.24.3.e
VB Final shell-to-bottom welds, inside and outside instead of MT, PT, pen. oil, or VB of the initial inside [pass. 5.2|42.c
VB Bottom welds. 534.a
VB Welds of roofs designed to be gastight if not air tested. 5.3.7.1.14
VB All seams of internal floating roofs exposed to liquid or vapors. H.4.3.4
VB Flexible membrane liners. 1.6.2
VE Flush-type shell connections: nozzle-to-tank shell, repad welds, shell-to-bottom reinforcing pad we|ds ¢h7.8.11

the root pass, each 20 mhh(n.) of weld, and completed weld. After stress relieving before hydro test.
VE Tack of shell butt welds left in place. 5.2.1.8
VE Permanent attachment welds and temporary weld removal areas. 5.2.3.
VE Welds attaching nozzles, manways, and clean out openings. 5.2.3.6
VE First pass of the internal shell-to-bottom weld. 5241
VE Final shell-to-bottom welds, inside and outside instead of MT, PT, pen. oil, or VB of the initial inside|pass. 5.2142.b
VE Shell plate butt welds. 5321

T1
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T-2 API STANDARD 650
Reference
Process Welds Requiring Inspection Section
VE Fillet welds. 5.3.2.2
VE Welds on roofs not designed to be gas tight. 5.3.7.2
VE Upper side of the upper deck welds of pontoon and double deck floating roofs. Caph
VE All aluminum 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. 1.7.4
Water Bottom welds if not vacuum box tested. 5.34b
Water External floating roofs—floating test. Cc43
Water Aluminum dome roofs after completion. G.10.1.1
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:

MT: ASME Section V, Article 7

PT: ASME Section V, Article 6, excluding aluminum dome parts—see AWS D1.2.
RT: ASME Section VIII, Paragraph UW-51(b)

Tracer Gas: None

UT: As agreed upon by purchaser and manufacturer.

VB: None

VE: API-650 6.5

Examiner Qualifications:

MT: API 650, Section 6.2.3

PT: API 650, Section 6.2.3

RT: ASNT Level Il or I

Tracer Gas: None

UT: ASNT Level Il or lll. A Level | may be used with restrictions—see API 650, Section 6.3.3.
VB: None

VE: None

Procedure Requirements:

MT: ASME Section V, Article 7

PT: ASME Section V, Article 6

RT: A procedure is not required. However, the examination method must comply with ASME Section V,
Article 2. Acceptance standards shall be in accordance with ASME Section VIII, Paragraph UW-51(b).
UT: ASME Section V, Article 5

VB: None

VE: None



Following are selected responses to requests for interpretation APl Standard 650 requirements. A more extensive li
interpretations can be found on the API website at http://api-ep.api.org under the “Standards” section. Additional informa
technical inquiries can be found in Appendix D.

SECTION 1.1

650-1-03/00
Question 1:

Reply 1:
Question 2:

Reply 2:

Question 3:

Reply 3:

Question 4:

Reply 4:

SECTION 2.2

650-1-09/01

Question:

Reply:

650-1-11/01

Question:

Reply:

SECTION 2.5

650-1-15/00
Question: 1

Reply 1:

APPENDIX TI—TECHNICAL INQUIRY RESPONSES

SCOPE

Regarding the use of Sl units, does API 650 allow either of the following?
(1) Use of Sl units throughout the design process.

5ting 0
jon

(2) Use the original U.S. Customary units with a hard conversion to Sl units as a final step to the design pipocess.

Yes, both are allowed.

When Sl units are used, does API 650 require different dimensional details compared to previous API 6
tions or USC unit details now specified in the 10th Edition?

The committee currently has an agenda item to study this question. Any changes resulting from this agen|
will appear in a future addendum or edition to API 650.

When Sl units are used, does API 650 require material thickness, material properties, configurations, et
solely on the Sl units for a particular tank?

The committee currently has an agenda item to study this question. Any changes resulting from this agen|
will appear in a future addendum or edition to API 650.

Does the wording of the Foreword to API 650 require a separate check of the USC results when Sl unit g
ified and after making such a check using the USC results if more restrictive?
No.

PLATES

For plate material certified by the manufacturer to meet more than one specification, such as A 516 Gradg

b0 Edi-

Ha iten
. base
01

Ha iten

€ Spec

60 an

A 516 Grade 70, which specification should be used when applying the rules in Table 2-3, Figure 2-1, angl Sec-

tion 2.2.9 of API 6507?
Dual certification of material is not addressed in API 650, except in Appendix S.

Does API 650 require that the material in the bottom shell course and the annular plate be the same [nateric

specification?

API 650, Section 2.2.9.1, requires bottom plates welded to the shell to comply with Figure 2-1, but dogs not

require the bottom shell course and annular plate to be the same material specification.

PIPING AND FORGINGS

For nozzles made from pipe materials, does API 650, Section 2.5.2 require that seamless pipe be used fq
in shells made from Group |, II, Ill, or [lIA materials?

I nozzl

Yes, unless ASTM A 671 pipe is used.
TI-1
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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 allow
use of electric-fusion-welded pipe nozzles made from ASTM A 6717

Reply 2: Yes.

SECTION 3.5 ANNULAR BOTTOM PLATES

650-1-49/00
Question: If a tank bottom slopes downward toward the center of the tank, are the annular plates required to lap over the
bottom plates?
Reply: This is not covered by API 650.

SECTION 3.7 SHELL OPENINGS

650-1-33/99

Question: Referring to APl 650, Section 3.7.4, must all 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?

Reply: Yes, see Section 3.7.4.1.

650-1-53/99

Question 1: Per Section 3.7.4.2, for shell openings over NPS 12, if insert plates are not used to reinforce the shedl opening, i
the shell thickness a factor in determining if PWHT of the assembly is required?

Reply 1: Yes.

Question 2: 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?

Reply 2: No. The requirement applies only to NPS 12 or larger connections.

650-1-01/00

Question: Does API 650, Section 3.7.4.3, allow stress-relieving nozzles, as described therein, after installation in the shell,
using locally applied heaters?

Reply: No. The heat treatment must be performed prior to installation in the tank.

650-1-18/00
Question 1: Referencing Figure 3-11, does API 650 cover flush shell connections to be installed non-radially?
Reply 1: No.
Question 2: Referencing Figure 3-12, are flush-type shell connections smaller than 8 in. covered in APl 650?
Reply 2: No.

650-1-34/00

Question: Does API 650, Section 3.7.4.2 require stress-relieving for materials in opening connections coming under Group
I, I, N or Il A, when the thickness of the shell is less than 1 in., but the sum of the shell plate thickness and the
reinforcement plate thickness exceeds 1 in. for NPS 12 and larger?

Reply: No.
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650-1-43/00

Question:

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:

SECTION 3.9

650-1-39/99

Question 1:

Replyl:

Question 2:

Reply 2:

Question 3: What is the expected effect on tank annular plates if the asphalt-impregnated board is not installed?

Reply 3:

Referring to API 650, Section 3.7.4.2, must a prefabricated manhole assembly be stress relieved if the m4
Group Il (A 131, Grade B), the shell platésin. thick, and the opening is a 24-in. diameter manhole?

No, because the shell is less than 1 in. thick.

Does API 650, Section 3.7.6.1, permit making a hot tapping connection on a blind flange on a nozzle in I[ank?

No. Refer to APl 650, Section 3.8.3, for rules on installing a nozzle in a cover plate in a new tank. Refer
653, Section 7.14, for rules and guidance on hot tapping in an in-service tank.

terial i

API

Does API 650 define a “neck” as piping or nozzle passing through the shell of the tank to the first flange, fegard-

less of the length and configuration (such as an upturned pipe connected by an elbow and another shq
pipe to the first flange) of this pipe?

No. API does not define this term. Also, refer to Section 1.2, which defines the limits of applicability on pip

SHELL ATTACHMENTS AND TANK APPURTENANCES

't piece

ng.

01

API 650, Section 3.8.3.2, requires mixer manway bolting flanges to be 40% thicker than the values shpwn in

Table 3-3. Footnote b under Table 3-4 requires the minimum manway neck thickness to be the lesser

of the

flange thickness or the shell plate. Is it therefore required that the minimum neck thickness on a mixer mgnway

be the lesser of 140% of the flange thickness value in Table 3-3 or the shell thickness?

No.

Referring to API 650, is magnetic particle testing applicable for inspecting permanent attachments to th
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.

TOP AND INTERMEDIATE WIND GIRDERS

e shell

Is it acceptable for the primary (upper) bottom, of an API 650 Appendix | double-bottom tank to not pjoject

through the shell and to be attached only to the inside of the shell?
No. API 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 requires the annular plate project at least 50 mm (2 in.) outside the shejl. Fur-

thermore, Section 3.1.5.7 requires the bottom be welded to the shell on both sides of the shell. The only w
can be accomplished is with a shell projection. Figure I-4 illustrates an acceptable double-bottom installati

What is the function of asphalt-impregnated board written as “optional”?

py this
bN.

The function of the asphalt-impregnated board is to minimize water infiltration underneath the tank bottogn and

corrosion of the portion of the tank bottom in direct contact with the concrete ringwall.

See reply to Question 1.
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SECTION 3.10 ROOFS

650-1-51/99
Question 1:

Reply 1:

Question 2:
Reply 2:

650-1-52/99
Question:
Reply:

SECTION 5.2

650-1-11/00

Question 1:

Reply 1:
Question 2:

Reply 2:

Question 3:

Reply 3:

650-1-28/00
Question 1:

Reply 1:
Question 2:

Reply 2:

SECTION 5.3

650-1-16/00
Question:

In API 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 a total load of 482bf/ft

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
as a function of the roof slope.

How is the minimum thickness used?

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.

Is welding of the main roof support members to the roof plates allowed by the standard?

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.

DETAILS OF WELDING

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-lll, one plate is greater than 12.5 mm (0.5 in.)
thick and the other plate is 12.5 mm (0.5 in.) thick or less?

Yes.

Does API 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-ll, the shell plate is greater than 12.5 mm (0.5 in.)
thick and the tank bottom plate is 12.5 mm (0.5 in.) thick or less?

Yes.

Does API 650 Section 5.2.1.10 require low hydrogen electrodes when making welds between two annular plates
that are 12.5 mm thick or less and are made of material in Groups I-IlI.

No. This question will be referred to the appropriate Subcommittee to confirm this is the desired requirement.

Referring to APl 650, Section 5.2.2.1, is the tank manufacturer allowed to set the sequence of welding the floor
plates, if the sequence has been found by the manufacturer to yield the least distortion from shrinkage?

Yes, see Section 5.2.2.1.

If bottom plate seams are left open for shrinkage, then must the shell-to-bottom corner weld be practically com-
plete prior to making the welds left open for shrinkage compensation?

Yes, see Section 5.2.2.2.
INSPECTING, TESTING, AND REPAIRS

Regarding the hydrotesting of a tank to be lined internally, does API 650 require the tank to be filled with water
before and after the lining is installed, or only before the lining is installed, or only after the lining is installed?
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Reply:

650-1-21/00

Question 1:

Reply 1:

Question 2:

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:

API 650 does not cover this issue. APl does not provide consulting advice on issues that are not addresse
650.

Does API 650 require any additional testing beyond the hydrostatic (water) test specified in Section 5.3
tank designed for product with specific gravity greater than 17?

No. Section F.7.6 provides additional requirements for Appendix F tanks. The purchaser may require mor
gent testing as a supplemental requirement.

Given the following conditions: nominal diameter of the tank—30 m, height of shell-18.4 m, roof—torosphg
specific gravity of content—1.32, top gauge pressure—0. Can the design calculation for test condition be ex
on API 650 and Appendix F (design pressure on bottom level 233 CPA or more)?

H in AP

6 for a

p strin-

rical,
Fcuted

API does not provide consulting on specific engineering problems or on the general understanding and gpplica-

tion of its standards. We can only provide interpretations of API 650 requirements. Please refer to Appen
and restate your inquiry so that it poses a question on the meaning of a requirement in API 650.

Does API 650, Section 5.3.6, prohibit starting the water filling for hydrostatic testing while completing §
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 con|
of each shell course, rather than after the completion of the entire shell?

These tolerances must be measured by the purchaser’s inspector at anytime prior to the hydrostatic test.
tions 4.2.3,5.3.1.2, 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 dete
to be defective, does API 650 permit the purchaser to then require radiographic examination of the welds?j

Section 5.4.1 requires that the purchaser’s inspector approve the plan to resolve the problem. The ramif
of any upgrade to the NDE procedure originally required, such as radiographing the welds in this case, be
contractual matter.

For purchaser-specified NDE, if required to resolve a visual finding, what acceptance criteria applies?

This is a contractual matter not covered by API 650.

DIMENSIONAL TOLERANCES

dix D

ome

01

Structic

See Se

mined

cation:
ome a

API 650 gives tolerances for plumbness and roundness, but these are related to the tank shell. Are tijere ar

defined tolerances on the tank roof, such as on the rim space dimension?

No.
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650-1-29/00

Question: Does the phrase in Section 5.5.5.2.a of API 650, “the top of the ring wall shall be level within 48 3mnin(
any 9 m (30 ft) of the circumference”, mean that the ring wall upper plane position is to be between two horizon-
tal planes 6 mm apart or 3 mm apart?

Reply: 6 mm apart.

650-1-40/00

Question: For tanks built to API 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 a tank
has been placed in service?

Reply: 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
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 as the roundness but has met the tolerance in relation to plumbness and local deviation as well as all 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, is it therefore correct to conclude that the purchaser has no right to refuse to accept
a tank which has passed all tests required by API 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 locations in a tank. Is this 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.

650-1-08/01
Question: Does the 10th Edition of API 650 specify tolerances for the elevation and orientation of shell nozzles?
Reply: No.

SECTION 6 METHODS OF INSPECTING JOINTS

650-1-47/99

Question: Does API 650 allow the purchaser to require radiographic examination as a requirement for acceptance after fab-
rication on a tank that is not required to be radiographed per API 650 rules?

Reply: API 650 does not prohibit the purchaser from specifying additional requirements. These are contractual issues

Reply 2:

outside the scope of the document.
This is a contractual matter not covered by API 650.
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SECTION 8.1

650-1-49/00
Question:

Reply:

APPENDIX E

650-1-44/99
Question 1:

Reply 1:

Question 2:

Reply 2:

650-1-45/99
Question:

Reply:

650-1-25/00
Question 1:

Reply 1:
Question 2:

Reply 2:
Question 3:

Reply 3:
Question 4:

NAMEPLATES

For a tank built to the 10th Edition, 1st Addendum, of API 650, is it acceptable to mark “November 1998”
Edition box and “X” in the “Revision No.” box on the nhameplate?

n the

No. The marks should be the “month and year” of the Edition in the first box, and the number of the addgndum

revision in the second box (e.g., 0, 1, 2).

SEISMIC DESIGN OF STORAGE TANKS

Do the changes to Chapter 16, Division IV Earthquake Design, of the 1997 Uniform Building Code affeqt API

650, Appendix E requirements?

The commiittee is currently considering changes to Appendix E as a result of the revisions to the Uniform
ing Code. Approved changes will appear in future addenda of API 650.

Why is the Seismic Zone Map of the United States shown in API 650, Appendix E slightly different fol
shown on page 2-37 of the 1997 Uniform Building Code, Figure 16-2?

The committee is currently considering changes to Appendix E as a result of the revisions to the Uniform
ing Code. Approved changes will appear in a future 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 tH
rior face of the shell to the end of the annular plate (the “end of the annular plate” is defined here as thd
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
defined as the inner edge of the annular plate. The extent of the overlap of the bottom plate on the annular
not a significant consideration.

Build-
that
Build-
01

e inte-

inner

plate,
plate i

Should the metric formula for calculating the natural period of the first sloshing mode in Section E.3.3.2 r¢ad:

- o1 1 [
T = KP ) @pss20

Yes. This correction will appear in Addendum 2 of API 650.

Should the metric formula for calculating the width of the thicker plate under the shell in Section E.4.2 reqd:

0.1745x 10°w,/ GH(m)

Yes. This correction will appear in Addendum 2 of API 650.
Is the following revision to Section E.5.1 appropriate?

“When M/[D? (ws + Wi )] is greater than 1.57 or when b/1000t (b/12t) is greater théseE E.5.3), the tank is
structurally unstable.”

Yes. This correction will appear in Addendum 2 of API 650.
Is the following revision to Section E.5.3 appropriate?
“The maximum longitudinal compressive stress in the shell b/1000t (b/12t), shall not exceed the maxi

mum

allowable stress,f~determined by the following formulas fog Rvhich take in to account...”
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Reply 4: Yes. This correction was made in Addendum 1 of API 650, released in March 2000.

APPENDIX F DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES

650-1-12/00
Question: Assume a tank is to be designed to API 650, Appendix F.1.2, (the internal 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 APl 650 Section F.7?
Reply: 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 is currently reviewing API 650 anchor requirements.

APPENDIXH INTERNAL FLOATING ROOFS

650-1-50/99
Question 1: Does API 650 require that floating roof seals be installed prior to hydrotesting the tank?
Reply 1: No.
Question 2: Is a roof seal considered a major component of the tank?
Reply 2: API 650 does not use the term “major component”.
650-1-10/00
Question: Does API 650 provide a way to obtain a frangible 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.
Reply: No. The API Subcommittee on Pressure Vessels and Tanks is currently reviewing the design criteria for frangible

roof joints. You may wish to review Publication 98Valuation of Design Criteria for Storage Tanks with Fran-
gible Roof Joints

APPENDIX'S AUSTENITIC STAINLESS STEEL STORAGE TANKS

650-1-19/00

Question: In my opinion, the formulas given for shell thickness calculation for stainless steel materials in Appendix S, Par.

S.3.2 include the corrosion allowance (CA) at the wrong place. The formulas should consist of two parts, the sec-
ond part should be the CA without the division®yx E

Reply: Yes, you are correct. This typographical error was corrected in Addendum 1 to API 650, 10th Edition.
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