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SPECIAL NOTES 
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FOREWORD 

This standard is based on the accumulated knowledge and experience of purchasers and 
manufacturers of welded, low-pressure oil storage tanks of various sizes and capacities for 
intemal pressures not more than 15 pounds per square inch gauge. The object of this publi
cation is to provide a purchase specification to facilitate the manufacture and procurement of 
such storage tanks. 

If tanks are pmchased in accordance with the specifications ofthis standard, the purchaser 
is required to specify certain basic requirements. The purchaser may desire to modify, delete, 
or amplity sections of this standard, but reference shall not be made to this standard on the 
nameplate or manufacturer's certification for tanks that do not fulfill the minimum require
ments or that exceed the limitations of this standard. It is strongly recommended that such 
modifications, deletions, or amplifications be made by supplementing this standard, rather 
than by rewriting or incorporating sections of it into another complete standard. 

Each edition, revision, or addenda to this API standard may be used beginning with the 
date of issuance shown on the cover page for that edition, revision, or addenda. Each edition, 
revision, or addenda to this API standard becomes effective six months after the date of issu
ance for equipment that is certified by the manufacturer as being designed, fabricated, con
stmcted, examined, and tested per this standard. During the six-month time between the date 
of issuance of the edition, revision, or addenda and the effective date, the purchaser and man
ufacturer shall specify to which edition, revision, or addenda the equipment is to be built. 

The design mles given in this standard are minimum requirements. More stringent design 
mles specified by the purchaser or furnished by the manufacturer are acceptable when mutu
ally agreed upon by the purchaser and the manufacturer. This standard is not to be inter
preted as approving, recommending, or endorsing any specific design, nor as limiting the 
method of design or construction. 

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

After revisions to this standard have been issued, they may be applied to tanks to be com
pleted after the date of issue. The tank nameplate shall state the date of the edition and any 
revision to that edition to which the tank is designed and constmcted. 

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 ofthe 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. 

Suggested revisions are invited and should be submitted to the standardization manager, 
American Petrolellm lnstitute, 1220 L Street, N.W., Washington, D.C. 20005. 
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Design and Construction of Large, Welded, Low-Pressure Storage Tanks 

SECTION 1-SCOPE 

1.1 GENERAL 

The API Downstream Se!:,'1nent has prepared this standard 
to cover large, field-assembled storage tanks of the type 
described in 1.2 that contain petroleum intennediates (gases 
or vapors) and finished products, as well as other liquid prod
ucts commonly handled and stored by the various branches of 
the industry. 

The rules presented in this standard cannot cover all 
details of design and construction because of the variety of 
tank sizes and shapes that may be constructed. Where com
plete rules for a specific design are not given, the intent is for 
the manufacturer-subject to the approval of the purchaser's 
authorized representative-to provide design and construc
tion details that are as safe as those which would otherwise be 
provided by this standard. 

The manufacturer of a low-pressure storage tank that will 
bear the API Std 620 nameplate shall ensure that the tank is 
constmcted in accordance with the requirements of this 
standard. 

The rules presented in this standard are further intended to 
ensure that the application of the nameplate shall be subject to 
the approval of a qualified inspector who has made the checks 
and inspections that are prescribed for the design, materials, 
fabrication, and testing of the completed tank. 

1.2 COVERAGE 

1.2.1 This standard covers the design and construction of 
large, welded, low-pressure carbon steel above ground stor
age tanks (including flat-bottom tanks) that have a single 
vertical axis of revolution. This standard does not cover 
design procedures for tanks that have walls shaped in such a 
way that the walls cannot be generated in their entirety by 
the rotation of a suitable contour arOlmd a single vertical 
axis of revolution. 

1.2.2 The tanks described in this standard are designed for 
metal temperatures not greater than 250°F and with pressures 
in their gas or vapor spaces not more than 15 Ibf/in.2 gauge. 

1.2.3 The basic mles in this standard provide for installa
tion in areas where the lowest recorded I-day mean atmo
spheric temperature is - 50°F. Appendix R covers low
pressure storage tanks for refrigerated products at tempera
tures from + 40°F to - 60°F. Appendix Q covers low-pressure 
storage tanks for liquefied hydrocarbon gases at temperatures 
not lower than - no oF. 

1-1 

1.2.4 The mles in this standard are applicable to tanks that 
are intended to (a) hold or store liquids with gases or vapors 
above their surface or (b) hold or store gases or vapors alone. 
These niles do not apply to lift-type gas holders. 

1.2.5 Although the mles in this standard do not cover hori
zontal tanks, they are not intended to preclude the application 
of appropriate portions to the design and construction of hori
zontal tanks designed in accordance with good engineering 
practice. The details for horizontal tanks not covered by these 
mles shall be equally as safe as the design and construction 
details provided for the tank shapes that are expressly covered 
in this standard. 

1.2.6 Appendix A provides information on the preparation 
and submission of technical inquiries as well as responses to 
recent inquiries. 

1.2.7 Appendix B covers the use of plate and pipe materi
als that are not completely identified with any of the specifi
cations listed in this standard. 

1.2.8 Appendix C provides information on subgrade and 
fOlmdation loading conditions and fOlmdation construction 
practices. 

1.2.9 Appendix D provides infonnation about imposed 
loads and stresses from external supports attached to a tank 
wall. 

1.2.10 Appendix E provides considerations for the design 
of internal and external structural supports. 

1.2.11 Appendix F illustrates through examples how the 
rules in this standard are applied to various design problems. 

1.2.12 Appendix G provides considerations for service 
conditions that affect the selection of a corrosion allowance; 
concerns for hydrogen-induced cracking effects are specifi
call y noted. 

1.2.13 Appendix H covers preheat and post-heat stress
relief practices for improved notch toughness. 

1.2.14 Appendix I covers a suggested practice for peening 
weldments to reduce intemal stresses. 

1.2.15 Appendix J is reserved for future use. 

1.2.16 Appendix K provides considerations for detennm
ing the capacity oftank venting devices. 

1.2.17 Appendix L covers requirements for the design of 
storage tanks subject to seismic load. 
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1.2.18 Appendix M covers the extent of infonnation to be 
provided in the manufacturer's report and presents a sug
gested fonnat for a tank certification fonn. 

1.2.19 Appendix N covers installation practices for pres
sure- and vacuum-relieving devices. 

1.2.20 Appendix 0 provides considerations for the safe 
operation and maintenance of an installed tank, with attention 
given to marking, access, site drainage, fireproofing, water 
draw-off piping, and cathodic protection of tank bottoms. 

1.2.21 Appendix P summarizes the requirements for 
inspection by method of examination and the reference para
graphs within the standard. The acceptance standards, inspec-

01 tor qualifications, and procedure requirements are also 
provided. This appendix is not intended to be used alone to 
determine the inspection requirements within this standard. 
The specific requirements listed within each applicable sec
tion shall be followed in all cases. 

1.2.22 Appendix Q covers specific requirements for the 
materials, design, and fabrication of tanks to be used for the 
storage of liquefied ethane, ethylene, and methane. 

1.2.23 Appendix R covers specific requirements for the 
materials, design, and fabrication of tanks to be used for the 
storage of refrigerated products. 

1.3 LIMITATIONS 

1.3.1 General 

The rules presented in this standard apply to vertical, 
cylindrical oil storage tanks built according to API Standard 
650 as specifically allowed in 5.7.1.8, F.I, and F.7 of that 
standard. These mles do not apply to tanks built according to 
mles established for unfired pressure vessels designated for 
an intemal pressure greater than 15 Ibf/in.2 gauge. 

1.3.2 Piping Limitations 

The mles of this standard are not applicable beyond the 
following locations in piping connected internally or exter
nally to the walls I of tanks constmcted according to this 
standard: 

a. The face of the first flange in bolted flanged connections. 
b. The first threaded joint on the pipe outside the tank wall in 
threaded pipe connections. 
c. The first circwnferentialjoint in welding-end pipe connec
tions that do not have a flange located near the tank. (All 
nozzles larger than 2-in. pipe size that are connected to exter
nal piping shall extend outside the tank wall a minimum 
distance of8 in. and shall terminate in a bolting flange.) 

lThe tem1 walls refers to the root~ shell and bottom of a tank as 
defined in 3.3. Tanks built aeeording to Appendiees Q and R may 
have both an inner and outer root~ shell and bottom. In these double
wall tanks, the piping that (a) may be subjeeted to the refrigerated 
product or gas in the annular space between the two tanks and (b) 
runs through the outer tank to the first circumferential joints must 
conform to the piping rules stated in Appendices Q and R. 
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SECTION 3-DEFINITIONS 

3.1 STRESS AND PRESSURE TERMS 

3.1.1 maximum allowable stress value: The maxi
mlun unit stress permitted to be used in the design formulas 
given or provided for in this standard for the specific kind of 
material, character of loading, and purpose for a tank member 
or element (see 5.5 and 5.6). 

3.1.2 maximum allowable working pressure: The 
maximwn positive gauge pressure permissible at the top of a 
tank when the tank is in operation. It is the basis for the pres
sure setting of the safety-relieving devices on the tank. The 
maximum allowable working pressure is synonymous with 
the nominal pressure rating for the tank as referred to in this 
standard (see 5.3.1). 

3.2 CAPACITY TERMS 

3.2.1 nominal liquid capacity: The total vollunetric liq
uid capacity ofa tank (excluding deadwood) between the plane 
of the high liquid design level and elevation of the tank grade 
immediately adjacent to the wall of the tank or such other low 
liquid design level as the manufacturer shall stipulate. 

3.2.2 total liquid capacity: The total vollunetric liquid 
capacity of a tank (excl uding deadwood) below the high liq
uid design level. 

3.3 TANK WALL 

The tank wall is any or all parts of the plates located in the 
surface of revolution that bOlmds the tank and serves to sepa
rate the interior of the tank from the surrOlmding atmosphere. 
Flat bottoms of cylindrical tanks are covered by the rules of 
5.9.4. As such, the tank walls include the sidewalls (or shell), 
roof, and bottom of the tank but not any of the following ele
ments located on or projecting from the walls: 

a. Nozzles and manways or their reinforcement pads or 
cover plates. 
b. Internal or external diaphragms, webs, tmsses, stmctural 
colmnns, or other framing. 
c. Those portions of a compression-ring angle, bar, or girder 
that project from the walls of the tank. 
d. Miscellaneous appllrtenances. 

3.4 WELDING TERMS 

The terms defined in 3.4.1 through 3.4.15 are commonly 
used welding terms mentioned in this standard. See 5.22 for 
descriptions of fusion-welded joints. 
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3.4.1 backing: The material-metal, weld metal, carbon, 
granular flux, and so forth-that backs up the joint during 
welding to facilitate obtaining a sound weld at the root. 

3.4.2 base metal: The metal to be welded or cut. 

3.4.3 depth of fusion: The distance that ulsion extends 
into the base metal from the smface melted during welding. 

3.4.4 filler metal: Metal added in making a weld. 

3.4.5 fusion: The melting together of filler metal and base 
metal, or the melting of base metal only, which results in coa
lescence. 

3.4.6 heat-affected zone: The portion of the base metal 
that has not been melted but whose mechanical properties or 
microstructures have been altered by the heat of welding or 
cutting. 

3.4.7 joint penetration: The minimum depth a groove 
weld extends from its face into a joint, exclusive of rein
forcement. 

3.4.8 lap joint: A joint between two overlapping mem
bers. An overlap is the protrusion of weld metal beyond the 
bond at the toe of the weld. 

3.4.9 oxygen cutting: A group of cutting processes 
wherein the severing of metals is effected by means of the 
chemical reaction of oxygen with the base metal at elevated 
temperatures. In the case of oxidation-resistant metals, the 
reaction is facilitated by use of a -Aux. 

3.4.10 porosity: The existence of gas pockets or voids in 
metal. 

3.4.11 reinforcement of weld: Weld metal on the face 
of a groove weld in excess of the metal necessary for the 
specified weld size. 

3.4.12 slag inclusion: Nonmetallic solid material 
entrapped in weld metal or between weld metal and base 
metal. 

3.4.13 undercut: A groove melted into the base metal 
adjacent to the toe of a weld and left urlfilled by weld metal. 

3.4.14 welded jOint: A lUlion of two or more members 
produced by the application of a welding process. 

3.4.15 weld metal: The portion of a weld that has been 
melted during welding. 





SECTION 4-MATERIALS 

4.1 GENERAL 

4.1.1 Material Specifications 

Materials used in the construction of API Standard 620 
tanks shall comply with the specifications in this section (see 
Appendices Q and R for specific material requirements). 
Material produced to specifications other than those listed in 
this section may be used if the material is certified to meet all 
the requirements of a material specification listed in this sec
tion and that its use is approved by the purchaser. 

4.1.2 Materials That Cannot Be Completely 
Identified 

Any plate materials or tubular products on hand that cannot 
be completely identified with a specification listed in this 
standard, by records satisfactory to the inspector, may be used 
to construct tanks according to the rules of this standard if the 
material passes the test prescribed in Appendix B. 

4.1.3 Accessory Pressure Parts 

All accessory pressure parts, such as pipe fittings, valves, 
flanges, nozzles, welding necks, welding caps, manhole 
frames, and covers, shall be made from materials provided for 
in this standard or in any accepted ANSI standard that covers 
the particular part. These parts shall be marked with the name 
or trademark of the manufacturer and any other markings that 
are required by the applicable standards. Such markings shall 
be considered the manufacturer's guarantee that the product 
complies with the material specifications and standards indi
cated and is suitable for service at the rating indicated. The 
intent of this paragraph will have been met if, in lieu of the 
detailed marking on the part itself, the accessory pressure 
parts have been marked in any pennanent or temporary man
ner that serves to identify the part with the manufacturer's 
written listing of the particular items and if this I isting is 
available for examination by the inspector. 

4.1.4 Small Parts 

Cast, forged, or rolled parts of small size (which are ordi
narily carried in stock and for which mill test reports or certif
icates are not customarily furnished) may be used if, in the 
opinion of the inspector, they are suitable for the purpose 
intended and that, if such parts are to be welded, they are of 
welding grade. 

4.2 PLATES 

4.2.1 General 

4.2.1.1 All plates that are subject to pressure-imposed 
membrane stress or are otherwise important to the structural 
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integrity of a tank, including bottom plates welded to the 
cylindrical sidewall of flat-bottom tanks, shall confonn to 
specifications selected to provide a high order of resistance to 
brittle fracture at the lowest temperature to which the metal in 
the walls of the tank is expected to fall on the coldest days of 
record for the locality where the tank is to be installed. 

4.2.1.2 In all cases, the purchaser shall specifY the design 
metal temperature, and the plates used for the tank shall con
fonn to one or more of the specifications listed in Table 4-1 as 
being acceptable for use at that temperature. Except as other
wise provided in the last sentence of this paragraph and in 
4.2.2, the design metal temperature for materials in contact 
with nomefrigerated fluids shall be assumed to be 15°F above 
the lowest one-day mean ambient temperature for the locality 
involved, as detennined from Figure 4-1. For locations not 
covered by Figure 4-1, authentic meteorological data shall be 
used. Where no such data are available, the purchaser shall 
estimate the temperature from the most reliable infonnation 
at hand. Where special means, such as covering the outside of 
the tank with insulation or heating the tank contents, are pro
vided to ensure that the temperature of the tank walls never 
falls to within 15°F of the lowest one day mean ambient tem
perature, the design metal temperature may be set at a higher 
level that can be justified by computations or by actual tem
perature data on comparable existing tanks. 

4.2.1.3 Unless exempted per 4.2.2, notch toughness of spe
cially designed plate flanges and cover plates shall be evalu
ated using governing thickness in Table 4-1. (See 4.3.5.3 for 
definition of governing thickness. 

4.2.2 Low-Stress Design 

The following design criteria, relative to the use of Table 
4-1, apply when the actual stress lU1der design conditions 
does not exceed one-third of the allowable tensile stress: 

a. Consideration of the design metal temperature is not 
required in selecting material from Table 4-1 for tank compo
nents that are not in contact with the liquid or vapor being 
stored and are not designed to contain the contents of an inner 
tank (see Q.2.3 and R.2.2). 

b. The design metal temperature may be increased by 30°F 
in selecting material from Table 4-1 for tank components that 
are exposed to the vapor from the liquid or vapor being stored 
and are not designed to contain the contents of an inner tank. 

c. Excluding bottom plates welded to the cylindrical sidewall 
of flat-bottom tanks, the plates of a non refrigerated flat-bot
tom tank, counterbalanced in accordance with 5.11.2, may be 
constructed of any material selected from Table 4-1. 



Kapuskasing 

• 

Compiled from U.S. Weather Bureau and 
Meteorological Div. Dept. of Transport of 
Dominion of Canada Records up to 1952. 

Figure 4-1-lsothermal Lines Showing 1-Day Mean Ambient Temperature 
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Table 4-1-Minimum Requirements for Plate Specifications to be Used for Design Metal Temperatures 

Design Metal 
Temperature 
(see 4.2.1) 

65°F and over 

Notes: 

Plate Thickness 
Including Corrosion 

Allowance (in.) 

~ 3/4 

~I 

> I 
~ 1/2 

~I 

> I 
~ 1/2 

~ 1 

> 1 

l. All plates over [1/2 in. Ihick shall be normalized. 

Specification 

Any listed in 2.2.3 
ASTMA36 
CSA G40.21-M 
Any listed in 2.2.3 
ASTM A 36 Mod 2 
ASTMA 131 
CSAG40.21-M 

ASTMA 131 
CSA G40.21-M 

ASTMA 131 
ASTM A516 
ASTMA 573 
ASTMA662 
ASTMA 737 
ASTM A 841 
CSAG40.21-M 
ISO 630 

ASTMA 131 
ASTMA516 
ASTM A 537 
ASTM A 573 
ASTMA633 
ASTMA 662 
ASTM A 678 
ASTM A 737 
ASTMA841 
CSAG40.21-M 
ISO 630 

ASTMA 131 
ASTMA516 
ASTM A 537 
ASTM A 573 
ASTMA633 
ASTMA662 
ASTMA678 
ASTM A 737 
ASTMA841 
CSA G40.21-M 
ISO 630 

ASTMA 131 
ASTMA516 
ASTMA 537 
ASTM A 573 
ASTMA633 
ASTM A 662 
ASTMA678 
ASTM A 737 
ASTMA841 
CSAG40.21-M 
ISO 630 

2. The steel hall shall he killed and made with fine-grain practice. 
3. The plales shall be normalized or quench tembered (see 4.2.4.2). 
4. Each plale shall be impaci tesled in accordance wilh 4.2.5. 

Pennissible Specifications 

Special Requirements 
Grade (in addition to 4.2.3) 

None 
None 

260W,300W,350W None I 

None 
None 

B None 
260W, 300W, 350W None 

Note 1 

B None 
260W,300W, 350W None 

CS None 
55,60,65,70 Note I 
58,65,70 Note I 
SandC Note 1 
B None 
Class 1 None 
260W, 300W, 350W Note 2 
E 275, E355 Quality D Notes I and 2 

CS None 
55,60,65,70 None 
Classes 1 and 2 None 
58,65,70 None 
CandD None 
BandC None 
AandB None 
B None 
Class 1 None 
260W,300W,350W Note 2 
E 275, E355 Quality D Notes 1 and '2 

CS None 
55,60,65,70 Note 3 
Classes 1 and 2 None 
58 Note 3 
CandD None 
BandC Note 3 
AandB None 
13 None 
Class 1 None 
'260W,300W,350W Notes 2 and 3 
E275, E355 and Quality Notes 2 and 3 
D 

Note 4 
CS Notes 3 and 4 
55,60,65,70 Note 4 
Classes 1 and '2 Notes 3 and 4 
58 Note 4 
CandD Notes 3 and 4 
BandC Note 4 
A and B Note 4 
Class 1 None 
B Notes 1,3, and 4 
260WT, 300WT, 350 WT Notes 2, 3, and 4 
E275, E355 Quality D 
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101 

101 

101 

101 
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4.2.3 Plate Specifications 

4.2.3.1 General 

The specifications listed in 4.2.3.2 through 4.2.3.4 are 
approved for plates, subject to the modifications and limita
tions of this paragraph, 4.2.4, and Table 4-1. 

4.2.3.2 ASTM Specifications 

The following ASTM specifications are approved for 
plates: 

a. A20. 
b. A 36, with the following API modification as required (see 
Table 4-1 and Appendix R): Mod 2 requires the manganese 
content to have a range of 0.80 - 1.20. The material supplied 
shall not be rimmed or capped steel. 
c. A 131 (structural quality only). 
d. A 283 (Grades C and D only, with a maximum nominal 
thickness of3/4 in.). 
e. A 285 (Grade C only, with a maxiImlm nominal thickness 
of3/4 in.). 
f. A 516, with the following API modifications as required 
(see Appendix R): Mod 1 requires the carbon content to be 
restricted to a maximum of 0.20% by ladle analysis; a maxi
mLUn manganese content of 1.50% shall be permitted. Mod 2 
requires the minimll1ll manganese content to be lowered to 
0.70% and the maximll1ll increased to 1.40% by ladle analy
sis. The carbon content shall be limited to a maximLUu of 
0.20% by ladle analysis. The steel shall be nonnalized. The 
silicon content may be increased to a maximum of 0.50% by 
ladle analysis. 
g. A 537, with the following modification: The minimum 
manganese content shall be 0.80% by ladle analysis. The 
maximll1ll manganese content may be increased to 1.60% by 
ladle analysis if maximum carbon content is 0.20% by ladle 
analysis. 
h. A 573. 
i. A 633 (Grades C and D only). 
j. A 662 (Grades Band Conly). 
k. A 678 (Grades A and B only). 
l. A 737 (Grade B only). 

01 I m. A 841 (Class 1 only). 

4.2.3.3 eSA Specification 

The following CSA specification is approved for plates: 
G40.21-M (Grades 260W, 300W, and 350W only; if impact 
tests are required, these grades are designated 260WT, 
300WT, and 350WT). Imperial unit equivalent grades ofCSA 
specification G40.21 are also acceptable. 

Elements added for grain strengthening shall be restricted 
in accordance with Table 4-2. Plates shall have a tensile 
strength not more than 140 MPa (20 ksi) above the minirmUll 
specified for the grade. Fully killed steel made to a fine grain 

Table 4-2-Maximum Permissible Alloy Content 

Alloy 'Yo Notes 

Columbium 0.05 1,2, and 3 

Vanadium 0.10 1,2,and4 

Columbium (0.05-% maximum) 0.10 1,2, and 3 
plus vanadium 

Nitrogen 0.015 1,2, and 4 

Copper 0.35 I and 2 

Nickel 0.50 1 and 2 

Clrromi um 0.25 I and 2 

Molybdenum O.OS 1 and 2 

Notes: 
1. When not included in the material specification, the use of these 
alloys, or combinations thereot~ shall be at the option of the plate 
producer, subject to the approval of the purchaser. These elements 
shall be reported when requested by the purchaser. 
2. The material shall conform to these requirements on product anal
ysis subject to the product analyses tolerances of the specification. 
3. Columbium, when added either singly or in combination with 
vanadium, shall be restricted to plates ofO.50-in. maximulll thick
ness unless it is combined with a minimum 01'0.15% silicon. 
4. When added as a supplement to vanadium, nitrogen (a maximum 
01'0.015%) shall be reported and the minimum ratio of vanadium to 
nitrogen shall be 4: 1. 

4.2.3.4 ISO Publication 

The following ISO publication is approved for plates: 630 
(Grades E275 and E355 in Qualities C and D only). For 
E275, the maximum percentage of manganese shall be 1.50 
by ladle analysis. Elements added for grain refining or 
strengthening shall be restricted in accordance with Table 4-2. 

4.2.4 Plate Manufacture 

4.2.4.1 All material for plates shall be made using the 
open-hearth, electric-furnace, or basic-oxygen process. Uni
versal mill plates shall not be used. All plates for pressure 
parts, with the exception of those whose thicknesses are 
established by the requirements of Table 5-6, shall be ordered 
on the basis of edge thickness to ensure that the plates fur
nished from the mill will not lmderrun the specified thickness 
by more than 0.01 in. This stipulation shall not be construed 
to prohibit the use of plates purchased based on weight if it is 
established by actual measurements (taken at a multiplicity of 
points along the edges of the plates) that the minimum thick
nesses of the plates do not undemm the required design thick
ness by more than 0.01 in. 

4.2.4.2 Subject to the approval of the purchaser, con
trolled-rolled or thenna-mechanical control process (TMCP) 10' 
plates (material produced by a mechanical-thermal rolling 
process designed to enhance the notch toughness) may be 
used where normalized plates are required. Each plate, as 
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rolled, shall be Charpy V-notch tested according to the 
requirements ofR.2.1.2. 

4.2.5 Impact Test Specimens 

When required by Table 4-1, each plate shall be impact 
tested; plate refers to the unit plate rolled from a slab or 
directly from an ingot. The ASTM A 370, Type A, Charpy V
notch test shall be used. The long dimension of the specimen 
shall be parallel to the direction of the expected maximum 
stress. When the coincident stresses are approximately equal, 
the specimens shall be taken transverse to the final direction 
of the plate rolling. The requirements of R.2.1.2 shall be satis
fied, except that the minimum energy absorption values of 
Table R-5 may be substituted for those of Table R-2. 

4.3 PIPE, FLANGES, FORGING, AND CASTINGS 

All pipe, flanges, forgings, and castings used in the parts of 
the tanks that are subject to internal pressure shall conform to 
applicable requirements of 4.3.1 to 4.3.5 inclusive. 

4.3.1 Pipe 12 

4.3.1.1 Carbon steel pipe shall conform to one of the fol
lowing specifications: 

a. ASTMA53. 
b. ASTM A 106. 
c. ASTM A 134, excluding helical (spiral) welded pipe. 
d. ASTM A 139, excluding helical (spiral) welded pipe. 
e. ASTMA333. 
f. ASTM A 524. 
g. ASTM A 671 (Grades CA, CC, CD, and CE only). 
h. API Specification 5L (Grades A and B only). 

4.3.1.2 When ASTMA 134,A l39,orA671 pipe is used, 
it shall comply with the following: 

a. The pipe shall be certified to have been pressure tested. 
b. The plate specification for the pipe shall satisfy the 
requirements of 4.2.3, 4.2.4, and 4.2.5 that are applicable to 
that plate specification. 
c. Impact tests for qualifying the welding procedure for the 
pipe longitudinal welds shall be performed in accordance 
with4.7.1. 

4.3.2 Built-Up Fittings 

Built-up fittings, such as ells, tees, and return bends, may 
be fabricated by fusion welding when they are designed 
according to the applicable paragraphs in this standard. 

12Por design metal temperatures below ~ 20°F, the matelials shall 
conlarm to Tables R-l and/or R-3. 

4.3.3 Flanges 

4.3.3.1 Hub, slip-on welding neck and long welding neck 
flanges shall conform to the material requirements of ANSV 
ASME BI6.S for forges carbon steel flanges. Plate material 
used for nozzle flanges shall have physical properties better 
than or equal to those required by ANSVASME B 16.5. Plate 
flange material shall confonn to 4.2.3. 

4.3.3.2 For nominal pipe sizes greater than 24 in., flanges 
that confonn to ANSVASME B16.47, Series B, may be used, 
subject to the purchaser's approval. Particular attention 
should be given to ensuring that mating flanges of appurte
nances are compatible. 

4.3.4 Castings and Forgings 

Large castings and forgings (see Footnote 11 for both 
materials) not covered in 4.1.3 shall be of welding grade if 
welding is to be done on them, and they shall confonn to one 
of the following ASTM specifications: 

a. A 27 (Grade 60-30, for stmctural parts only). 

b. A lOS. 

c. A 181. 

d. A 350. 

4.3.5 Toughness Requirements 

Except as covered in 4.3.1.2, the toughness requirements 
of pipe, flanges, and forgings shall be established as described 
in 4.3.5.1 through 4.3.5.4. 

4.3.5.1 No impact testing is required for ASME/ANSI 
B 16.5 ferritic steel flanges used at minimum design metal 
temperature, no colder than - 20°F. Piping materials made 
according to ASTM A 333 and A 3S0 may be used at a mini
mum design metal temperatures, no lower than the impact 
test temperature required by the ASTM specification for the 
applicable material grade, lmless additional impact tests (see 
4.3.S.4) are conducted. 

4.3.5.2 Other pipe and forging materials shall be classified 
under the material groups shown in Figure 4-2 as follows: 

a. Group I-API Spec 5L, Grades A, B, ASTM A 106, 
Grades A and B; ASTM A 53, Grades A and B; ASTM A 181; 
and ASTM A 105. 

b. Group II-ASTM A 524, Grades I and ll. 

4.3.5.3 The materials in the groups listed in 4.3.5.2 may be 
used at nominal thicknesses, including corrosion allowance, 
at minimmn design metal temperatures no lower than those 
shown in Figure 4-2 without impact testing (see 4.3.5.4). The 
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governing thickness (see Figure 4-3) to be used in Figure 4-2 
shall be as follows: 

a. For butt-welded joints, it is the nominal thickness of the 
thickest welded joint. 
b. For corner weld (groove or fillet) or lap welds, it is the 
thinner of the two parts joined. 
c. For nonwelded parts (such as bolted flanges), it is 1/4 of flat 
cover nominal thickness. 

4.3.5.4 When impact tests are required by 4.3.5.2 or 
4.3.5.3, they shall be performed in accordance with the 
requirements, including minimum energy requirements of 
ASTM A 333, Grade 1 for pi pe, or ASTM A 350 Grade LF 1, 
for forgings at a test temperatme no higher than the minimum 
design metal temperatme. Except for the plate specified in 
4.2.3, the material specified in 4.3 shall have a minimum 
Charpy V-notch impact strength of 13 ft-lbs (full size speci
men) at a temperature no higher than the minimum design 
metal temperatme. 

4.4 BOLTING MATERIAL 

Carbon steel bolts 13 may be used if they conform to the 
following, or to better, 14 specifications: 

13For design metal temperatures below - :ZO°F, the materials shall 
COnf0l111 to Tables R-I and/or R-3. 

a. ASTMA 193. 

b. ASTM A 307. 

c. ASTM A 320. 

4.5 STRUCTURAL SHAPES 

All structural shapes (see footnote 11) that are subject to 
pressure-imposed loads or are otherwise important to the 
structmal integrity of a tank shall be made only by the open
hearth, electric-furnace, or basic-oxygen process and shall 
conform to one of the following specifications: 

a. ASTM A 36 and the following API modification as 
required (see Appendix R): Mod 1 requires the steel to be 
made with fine grain practice, with manganese content in the 
range of 0.80-1.20% of by ladle analysis. 

b. ASTM A 131. 

c. ASTM A 633 (Grade A only). 

d. ASTM A 992. 

e. CSA G40.21-M (Grades 260W, 300W, and 350W only; if 
impact tests are required, these grades are designated 260WT, 
300WT, and 350WT).lmperialtmit equivalent grades of CSA 
specifications 040.21 are also acceptable. 

14Ifbetter grades of bolts are used, higher bolt stress values are not 
recommended with full-faced gaskets. 
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~:-I I 

SLIP-ON FLANGE RING -TYPE FLANGE 

I I 

WELDING-NECK FLANGE LONG WELDING-NECK FLANGE 

1. Shell reinforcing plate is not includes in the illustration above. 

2. Is = shell thicklless; til = nozzle neck thicklless; Tf= flange thickness; 7~ = bolted cover thickness. 

3. The governing thickness for each component shall be as follows: 

Figure 4-3-Governing Thickness for Impact Test Determination of Pipe, Flanges, and Forgings 



SECTION 5-DESIGN 

5.1 GENERAL 

5.1.1 Scope of Ru les 

The rules presented in this standard are intended to estab
lish approved engineering practices for low-pressure storage 
tanks constructed of any shape within the scope of 1.2 and to 
provide the fundamental rules fix design and testing, which 
can serve as a sufficient basis for an inspector to judge the 
safety of any vessel and improve the application of the API 
620 nameplate. Where these rules do not cover all details of 
design and construction, the manufacturer, subject to the 
approval of the authorized inspector, shall provide details of 
design and construction that will be as safe as those provided 
by this standard. 

5.1.2 Pressure Chambers 

For tanks that consist of two or more independent pressure 
chambers and have a roof: bottom, or other elements in com
mon, each pressure part shall be designed for the most severe 
combination of pressure or vacuum that can be experienced 
under the specified operating conditions. 

5.1.3 Avoidance of Pockets 

Tank walls shall be shaped to avoid any pockets on the 
inside where gases may become trapped when the liquid 
level is being raised or on the outside where rainwater may 
collect. 

5.1.4 Volume of Vapor Space 

The volume of the vapor space above the high liquid 
design level upon which the nominal capacity is based 
shall be not less than 2% of the total liquid capacity (see 

01 I 3.2.2). 

5.1.5 Tests of New Design 

When a tank is of a new design and has (a) an unusual 
shape or (b) large branches or openings that may make the 
stress system around these locations in the tank wall unsym
metrical to a degree that, in the judgn1ent of the designer, 
does not permit computation with a satisfactory assurance of 
safety, the tank shall be subjected to a proof test, and strain
gauge surveys shall be made as provided in 7.24. 

5.2 OPERATING TEMPERATURE 

The temperature of the liquids, vapor, or gases stored in, or 
entering, these tanks shall not exceed 250°F (see 1.2.2). 

5-1 

5.3 PRESSURES USED IN DESIGN 

5.3.1 Above Maximum Liquid Level 

5.3.1.1 The wails of the gas or vapor space and other tank 
components that are above the maximum liquid level at the 
top of the tank shall be designed for a pressure not less than 
that at which the pressure relief valves are to be set; they 
shall be designed for the maximum partial vacuum that can 
be developed in the space when the inflow of air (or another 
gas or vapor) through the vacuum relief valves is at its max
imum specified rate. The maximum positive gauge pressure 
for which this space is designed shall be understood to be 
the nominal pressure rating for the tank and shall not exceed 
15 Ibf!in.2 gauge. 

5.3.1.2 When a tank is to operate at liquid levels that at no 
time reach the top of the roof but the tank will be filled to the 
top of the roof during the hydrostatic test as provided in 
7.18.4, the tank must be designed for both maximum liquid
level conditions, using in each case the weight of liquid spec
ified in 5.3.3. 

5.3.1.3 A suitable margin shall be allowed between the 
pressure that nOIDmily exists in the gas or vapor space and 
the pressure at which the relief valves are set; this margin 
allows for pressure increases caused by variations in the 
temperature or gravity of the liquid contents of the tank and 
by other tactors that affect the pressure in the gas or vapor 
space. 

5.3.1.4 The maximum partial vacuum will be greater than 
that at which the vacuum relief valves arc set to open. 

5.3.2 Below Maximum Liquid Level 

All portions of the tank at levels below the aforemen
tioned maximum liquid level shall have each of their 
important elements designed for at least the most severe 
combination of gas pressure (or partial vacuum) and static 
liquid head atlecting the element in any specified opera
tion as the pressure in the gas or vapor space varies 
between the lowest and highest limits encountered during 
operation. 

5.3.3 Weight for Liquid Storage 

The weight for liquid storage shall be assumed to be the 
weight per ft3 of the specified liquid contents at 60°F, but in 
no case shall the minimum weight be less than 48 Iblt!3. 
This minimum weight does not apply to tanks used for gas 
storage only, or used for refrigerated liquid storage as dis
cussed in Appendixes Q and R. 
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5.4 LOADINGS 

The following loadings shall be considered in the design of 
large, low-pressure storage tanks: 

a. The internal pressure as specified in 5.3 and any partial 
vacuum resulting from operation. 
b. The weight of the tank and specified contents, from empty 
to filll, with or without the maximum gas pressure specified. 
c. The supporting system, both localized and general, includ
ing the c1Tect that is predictable from the nature of the 
foundation conditions (see Appendices C and D). 
d. Superimposed loading, such as platforms and brackets for 
stairways and, where climatic conditions warrant, excessive 
snow (sec Appendix E). 
e. Wind loads or, when specified, earthquake loadings (see 
5.5.6). 
f. Loads resulting from connected piping. 
g. The weight orany insulation and linings. 

5.5 MAXIMUM ALLOWABLE STRESS FOR 
WALLS15 

5.5.1 General 

Higher localized shear and secondary bending stresses 
may exist in the walls of tanks designed and fabricated 
according to this standard, and the prescribed test loadings 
may result in some localizcd reshaping. This is pem1issible, 
since localized reshaping is expected as part of a legitimate 
labrication operation, if the reshaping is not so severe that 
upon release of the test pressure, plastic straining occurs in 
the opposite direction. This would tend to develop continuing 
plastic straining in subsequent normal operation. 

5.5.2 Nomenclature 

5.5.2.1 Variables relating to stresses common to the 
requirements of 5.5.3 through 5.5.5 and Figure 5-1 are 
defined as lollows: 

thickness of the wall, in in., 

R radius of the wall, in in., 

c corrosion allowance, in in., 

Sts maximum allowable stress for simple tension, in 
IbUin 2 , as given in Table 5-1, 

Ses maximum allowable longitudinal compressive 
stress, in IbUin.2, for a cylindrical wall acted upon 
by an axial load with neither a tensile nor a com
pressive force acting concurrently in a circurnfer-

JSSee Biaxial Stress Criteria for Large Low-Pressure Tanks, written 
by .T . .T. Dvorak and RV McGralh and published as Bulletin No. 69 
(.Tune 1961) by the Welding Research Council, 345 East 47th Slreet, 
New York, New York 10017. 

Sta 

Stc 

ential direction (determined in accordance with 
5.5.4.2 for the thickness-to-radius ratio involved), 

allowable tensile stress, in Ibf/in.2; Sta lower than 
Sts because of the presence of a coexistent com
pressive stress perpendicular to it, 

allowable compressive stress, in Ibt/in.1; Sea is 
lower than Scs because of the presence of a coexist
ent tensile or compressive stress perpendicular to it, 

computed tensile stress, in Ibllin.2, at the point 
under consideration, 

computed compressive stress, in Ibffin.2, at the 
point under consideration, 

general variable for indicating a tensile stress, in 
Ibli'in.2, which may be either an allowable or com
puted value depending on the context in which the 
variable is used, 

general variable for indicating a compressive 
stress, in Ibf/in.2, which may be either an allow
able or computed value depending on the context 
in which the variable is used, 

N ratio of the tensile stress, St, to the maximum 
allowable stress for simple tension, Sts, 

M ratio of the compressive stress sc, to the maximun1 
allowable compressive stress, Scs (see Figure F-l). 

5.5.2.2 The term tank wall is defined in 3.3. Unless other- I 01 

wise stipulated in this standard, the stresses in nozzle and 
manway necks, reinforcing pads, flanges, and cover plates 
shall not exceed the values that apply lor the walls of the tank. 

5.5.3 Maximum Tensile Stresses 

5.5.3.1 The maximum tensile stresses in the outside walls 
of a tank, as determined for any of the loadings listed in 5.4 or 
any concurrent combination of such loadings that is expected 
to be encountered in the specified operation, shall not exceed 
the applicable stress values determined in accordance with 
provisions described in 5.5.3.2 and 5.5.3.3. 

5.5.3.2 If both the meridional and latitudinal unit forces, 1'1 
and T2, are tensile or if one force is tensile and the other is 
zero, the computed tensile stress, St~, shall not exceed the 
applicable value given in Table 5-1. 

5.5.3.3 If the meridional lorce, Tl, is tensile and the coex
istent latitudinal unit force, T2, is compressive or if 1'2 is ten
sile and T\ is compressive, the computed tensile stress, Stc, 

shall not exceed a value of the allowable tensile stress, Stw 

obtained by multiplying the applicable stress value given in 
Table 5-1 by the appropriate value of N obtained from Figure 
5-1 tor the value of compressive stress (sc = Sed and the co-
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Figure 5-1-Biaxial Stress Chart for Combined Tension and Compression, 30,000--38,000 psi Yield Strength Steels 

relatcd ratio of (t -- c)/R involved, Howcver, in cases where 
the unit force acting in compression does not exceed 5% of 
the coexistent tensile unit torce acting perpendicular to it, the 
designer has the option of pemlitting a tensile stress of the 
magnitude specified in 5,5,3,2 instead of complying strictly 
with the provisions of this paragraph, (see F 1 for examples 
illustrating the detennination of allowable tensile stress val
ues, Sla, in accordance with this paragraph). In no event shall 
the value of sta exceed the product of the applicable joint e1-ft
ciency for tension as given in Table 5-2 and the allowable 
stress for simple tension shown in Table 5-1, 

5.5.4 Maximum Compressive Stresses 

5.5.4.1 Except as provided in 5.12.4,3 for the compres
sion-ring region, the maximum compressive stresses in the 
outside walls of a tank, as detennined for any of the load
ings listed in 5.4 or any concurrent combination of loadings 
expected to be encountered in the specified operation, shall 
not exceed the applicable stress values detem1ined in accor-

dance with the proVIsions described in 5,5.4,2 through 
5,5.4.8, These rules do not purport to apply when the cir
cumferential stress on a cylindrical wall is compressive (as 
in a cylinder acted upon by external prcssure). However, 
values of Scs computed as in 5,5.4,2, with R equal RJ when 
the compressive unit force is latitudinal or to R2 when the 
compressive unit force is meridional, in some degree fom1 
the basis for the rules given in 5,5.4.3, 5,5.4.4, and 5,5.4,5, 
which apply to walls of double curvature, 

5.5.4.2 If a cylindrical wall, or a portion thereoC is acted 
upon by a longitudinal compressive f()rce with neither a ten
sile nor a compressive force acting concurrently in a circum
terential direction, the computed compressive stress, Sec> shall 
not exceed a value, Scs, established for the applicable thick
ness-to-radius ratio as follows: 

For values of (t -- c)/R less than OJ)0667, 

Scs = 1,800,OOO[(t -- c)/R] 
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Table 5-1-Maximum Allowable Stress Values for Simple Tension 

Specified Minimum Maximum Allowable 
Tensile Stress for 

Specification Tensile Strength Yield Point Tension, Sl' 
(See Note 1) Grade Notes (lbG'in.2) (lbti'in.2) (lbtlin.2, see Notes 2 and 3) 

Plates 

ASTMA 36 4 58,000 36,000 16,000 
ASTMA 131 A 4,5 and 6 58,000 34,000 15,200 
ASTMA 131 B 4 58,000 34,000 16,000 
ASTM AI31 CS 4 58,000 34,000 16,000 
ASTMA283 C 4 and 5 55,000 30,000 15,200 
ASTMA283 D 4,5 and 6 60,000 33,000 15,200 
ASTMA285 C 5 55,000 30,000 16,500 

ASTMA516 55 55,000 30,000 16,500 
ASTMA 516 60 60,000 32,000 18,000 
ASTMA516 65 65,000 35,000 19,500 
ASTMA516 70 70,000 38,000 21,000 

ASTMA 537 Class I 7 70,000 50,000 21,000 
ASTMA537 Class 2 7 80,000 60,000 24,000 
ASTM A573 58 4 58,000 32,000 16,000 
ASTMA 573 65 4 65,000 35,000 18,000 
ASTMA 573 70 4 70,000 42,000 19,300 
ASTMA 633 Cand D 4 and 7 70,000 50,000 19,300 

ASTMA662 B 65,000 40,000 19,500 
ASTMA662 C 7 70,000 43,000 21,000 
ASTM A678 A 4 and 8 70,000 50,000 19,300 
ASTMA678 B 4 and 7 80,000 60,000 22,100 
ASTMA 737 B 7 70,000 50,000 21,000 

01. ASTMA841 Class I 7 70,000 50,000 21,000 

CSA G40.21-M 260W and 260WT 4 59,500 37,700 16,400 
CSA G40.21-M 300Wand 300WT 4 65,300 43,500 IS,OOO 
CSA G40.21-M 350W 4 65,300 50,SOO IS,OOO 
CSA G40.21-M 350WT 4 69,000 50,SOO 19,200 
ISO 630 E275 Quality C, D 4 61,900 37,000 17,100 
ISO 630 E355 Quality c, D 4 n,ooo 4S,500 19,600 

Pipe 
Seamless 

API Spec 5L B 60,000 35,000 18,000 
ASTM A 33 B 60,000 35,000 18,000 
ASTMA 106 B 60,000 35,000 IS,OOO 
ASTMA 106 C 70,000 40,000 21,000 
ASTM A333 I 55,000 30,000 16,500 
ASTMA333 3 65,000 35,000 19,500 
ASTMA333 6 
ASTMA524 I 60,000 35,000 IS,OOO 
ASTMA 524 II 55,000 30,000 16,500 

Electric-Fusion 
Welded 

ASTMA 134 A 283 Grade C 4,5 and 9 55,000 30,000 12,100 
ASTMA 134 A 2S5 Grade C 5 and 9 55,000 30,000 13,200 
ASTMA 139 B 9 60,000 35,000 14,400 
ASTMA671 CA55 9 55,000 30,000 13,200 
ASTMA671 CC60 9 60,000 32,000 14,400 
ASTMA671 CC65 9 65,000 35,000 15,600 
ASTM A 671 CC70 9 70,000 3S,000 16,SOO 
ASTMA671 CD70 7 and 9 70,000 50,000 16,SOO 
ASTM A 671 CDSO 7 and 9 SO,OOO 60,000 19,200 
ASTMA671 CE55 9 55,000 30,000 13,200 
ASTMA671 CE60 9 60,000 32,000 14,400 
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Table 5-1-Maximum Allowable Stress Values for Simple Tension (Continued) 

S peci fication 
(See Note I) Grade 

ASTMA lOS 
ASTMA 181 I 
ASTMA 181 II 
ASTMA 350 LFI 
ASTMA 350 LF2 
ASTMA 350 LF3 

ASTMA 27 60-30 
ASTMA36 For anchor bolting 
ASTMA 193 87 
ASTMA 307 8 lor flanges 

and pressure parts 
ASTMA307 B for structural 

parts and anchor 
ASTMA 320 bolting 

L7 

ASTMA36 
ASTMA 131 A 
ASTMA 633 A 
ASTMA 992 
CSA G40.21-M 260W and 260WT 
CSA G40.21-M 300W and 300WT 
CSA G40.21-M 350Wand 300WT 

Notes: 

Specitled Minimum 

Tensile Strength 
Notes (lbf/in.2) 

Forgings 

60,000 
60,000 
70,000 
60,000 
70,000 
70,000 

Castings and bolting 

10 60,000 
II 58,000 
11 125,000 
11 and 12 55,000 

II 55,000 

II 125,000 

Structural shapes Rcsisting Internal Pressure 

4 and 6 5S,OOO 
4 and 6 5S,OOO 
4 63,000 
4 and 6 65,000 
4 and 6 59,500 
4 and 6 65,300 
4 and 6 69,600 

Yield Point 
(lbllin.2) 

30,000 
30,000 
36,000 
30,000 
36,000 
40,000 

30,000 
36,000 

105,000 

105,000 

36,000 
34,000 
42,000 
50,000 
37,700 
43,500 
50,800 

I. All pertinent moditlcations and limitations of specifications required by 4.2. through 4.6 shall be complied with. 

Maximum Allowable 
Tensile Stress for 

Tension, Sl' 
(lbflin.2, see Notes 2 and 3) 

18,000 
18,000 
21,000 
IS,OOO 
21,000 
21,000 

14,400 
15,300 
24,000 

8,400 

15,000 

24,000 

15,200 
15,200 
17,400 
15,200 
15,200 
15,200 
15,200 

2. Except for thosc cases where additional factors or limitations are applied as indicated by references to Notes 4, 6, 10 and 12, the allowable 
tensile stress values given in this table for materials other than bolting steel are the lesser of (a) 30% of the specitled minimum ultimate tensile 
strength for the material or (b) 60% of the specitled minimum yield point. 

3. Except when ajoint efficiency tactor is already retlected in the specitled allowable stress value, as indicated by the reterences to Note 10, or 
where the value ofN determined in accordance with 5.5.3.3. is less than the applicable joint elIiciency given in Table 5-2 (and therel~)rc ellects 
a greater reduction in allowable stress than would the pertinent join efficiency factor, if applied), the specified stress values li)r welds in tension 
shall be multiplied by the applicable joint dIiciency factor, E, given in Table 5-2. 

4. Stress values for structural quality steels include a quality factor of 0.92. 

5. Plates and pipe shall not be used in thickness greater than 1/4 in. 

6. Stress values are limited to those for steel that has an ultimate tensile strength of only 55,000 Ibflin2 . 

7. Less than or equal to 21 h in. thickness. 

S. Less than or equal to 11h in. thickness. 

9. Stress values lor fusion-welded pipe include a welded-joint elficiency factor ofO.SO (see 5.23.3). Only straight-seam pipe shall be used; the 
use of spiral-seam pipe is prohibited. 

10. Stress values for castings include a quality factor of 0.80. 

11. See 5.6.6. 

12. Allowable strcss based on Section VIII of the ASME Boiler and Pressure Vessel Code multiplied by the ratio of the design stress factors in 
this standard and Section V III of the ASME Code, namely 0.30/0.25. 

I 01 
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For values of(t- c)/R between 0.00667 and 0.0175, 

Scs = 10,150 + 277,400[(t- c)/R] 

For values 01'(( - c)/R greater than 0.0175, 

Scs = 15,000 

5.5.4.3 Ifboth the meridional and latitudinal unit forces, 
T] and Tz, are compressive and of equal magnitude, the 
computed compressive stress, Sec, shall not exceed a value, 
Sal' established for the applicable thickness-to-radius ratio 
as follows: 

For values of(t c)/R less than 0.00667, 

Sca = 1,000,000[(t - c)IR] 

For values of (t - c)1 R between 0.00667 and 0.0175, 

Sca = 5650 + 154,200[(t - c)IR] 

For values of (t- c)1 R greater than 0.0175, 

Sca = 8340 

5.5.4.4 Ifboth the meridional and latitudinal unit forces, 1'] 

and 1'z, are compressive but of unequal magnitude, both the 
larger and smaller computed compressive stresses shall be 
limited to values that satisfy the following requirements: 

where 

larger stress, in lbtlin.l, 

Ss small stress, in lbi/in.l, 

Scs maximum allowable longitudinal compressive 
stTess, in Ibli'in.2, detem1ined as in 5.5.4.2 using R 
tor the larger unit force in the first equation and 
lor the smaller unit lorce in the second equation. 

Note: In the previous expressions, if the unit force involved is latitu

dinal, R shall be equal to R l ; if the force is meridional, R shall be 

equal to R2. 

5.5.4.5 If the meridional unit torce, T l , is compressive and 
the coexistent unit force 1'z, is tensile, except as otherwise 
provided in 5.5.4.6, or if 12 is compressive and 1'] is tensile 
the computed compressive stress, Sec, shall not exceed a value 
of the allowable compressive stress, Sea, detem1ined from 
Figure 5-1 by entering the computed value of N and the value 
of tI R associated with the compressive unit stress and reading 

the value of Se that corresponds to that point. The value of Sc 

will be the limiting value of.\'C(J for the given conditions. (See 
F-l for examples illustrating the detem1ination of allowable 
compressive stress values in accordance with this paragraph.) 

5.5.4.6 When a local axial compressive buckling stress in a 
cylindrical shell is primarily due to a moment in the cylinder, 
then the allowable longitudinal compressive stress Ses or Sea, 
as specified in 5.5.4.2 or 5.5.4.3, may be increased by 20%. If 
the shell bending is due to wind (tank full or empty) or due to 
earthquake (tank empty), then in addition to the above 
allowed 20% increase, the allowable buckling stress due to a 
moment can be increased an additional lh. For tanks full or 
partially full of liquid and for an earthquake induced longitu
dinal compressive stress, the allowable compression stress 
need not be limited tor biaxial stress as otherwise may be 
required by Figure 5-1. 

For seismic design, the tank full is usually the worst case. 
For wind loading, the tank empty and with internal pressure is 
usually the worst case lor local, bending induced compressive 
stress. 

5.5.4.7 The allowable compressive stresses previously 
specified in 5.5.4 are predicted on butt-welded construction. 
If one or more of the main joints across which the compres
sive torce acts are of the lap-welded type, the allowable com
pressive stress will be determined according to 5.5.4, but the 
minimum compressive stress shall be subject to the limita
tions or 5.12.2 and Table 5-2 (including Note 3). 

5.5.4.8 Cylindrical shells can be checked tor wind buck
ling to determine ir there is the need tor intermediate wind 
girders using the rules of 5.1 0.6. If the transition between the 
roof or bottom is a curved knuckle section (5.12.3) then 1/3 of 
the knuckle height shall be included as part ofthe unstiffened 
shell height. 

5.5.5 Maximum Shearing Stresses 

The maximum shearing stresses in welds used for attach
ing manways and nozzles and their reinforcements or other 
attachments to the walls of a tank and in sections of man way 
or nozzle necks that serve as reinforcement attachment shall 
not exceed 80% of the value of the applicable maximum 
allowable tensile stress, Sts, given in Table 5-1 for the kind of 
material involved. Such maximum shearing stresses are per
missible only where the loading is applied in a direction per
pendicular to the len!,>th of the weld and must be reduced 
where the loading is applied dillerently (see 5.16.8.3). 

5.5.6 Maximum Allowable Stresses for Wind or 
Earthquake Loadings 

The maximum allowable stresses tor design loadings com
bined with wind or earthquake loadings shall not exceed 
133% of the stress permitted for the design loading condition; 
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Table 5-2-Maximum Allowable Efficiencies for Arc-Welded Joints 

Type of Joint 

Butt joints, attained by double-welding or 
other means approved by the purchaser, that 
will obtain the quality ofdeposited weld metal 
on the inside and outside weld surfaces that 
agrees with the requirements of Paraf:,rraph 
UW -35 in Section VIII 0 f the ASME Code; 
welds using metal backing strips that remain 
in place are excluded. 

Single-welded butt joint with backing strip or 
equivalent other than those included above. 

Single-welded bUll joint without 
backing strip. 

Double full-fillet lap joint (see 
Note 4). 

Single full-fillet lap joint (see Note 4). 

Single full-fillet lap joints for head-to-nozzle 
joints 

Nozzle-attachment fillet welds 

Plug welds (sce 5.24.5) 

Notes: 

Limitations 

None, lor all double-welded joints, except for 
roofs above liquid level. 

Roofs above liquid level. 

Longitudinal or meridional circumference or lati
tudinaljoints betwcen plates not more than 1 1/4 
in. thick; nozzle attachment welding without 
thickness limitation. 

Roofs above liquid level. 

Nozzle attachment welding. 

Longitudinal or meridional joints and equivalent 
(see Note 5) circumferential or latitudinal joints 
between plates not more and 3/8 in thick; joints of 
this type shall not be used l,x longitudinal or 
meridional joints that the provisions of 5.12.2 
require to be butt-welded. 

Other circumferential or latitudinal joints 
between plates not more than 5/8 in thick. 

Longitudinal or meridional joints and circumfer
cntial or latitudinal joints between plates not 
more than 3/8 in thick; joints of this type shall not 
be used for longitudinal or meridional joints that 
the provisions of 5.12.2 require when the thimler 
plate joined exceeds 1/4 in. 

For attachment of heads convex to pressure not 
more than 5/8 in required thickness, only with use 
of the fillet weld on the inside of the nozzle. 

Attachment welding /'.Jr nozzles and their rein
forcements. 

Attachment welding for nozzle reinforcements 
(see Note 6). 

I. See 5.26 and 7.15 for examination requirements. 

Basic 
Joint Radiographed 

Elliciency ('%) (See Note I) 

85 

70 

75 

70 

70 

70 

65 

35 

35 

80 

Spot 
Full (see 
Note 3) 

Spot 
Full (see 
Note 3) 

Spot 
Full (see 
Note 3) 

Spot 
Full (see 
Note 3) 

(Included in 
the strength 
factors in 
5.16.8.3) 

5-7 

Maximum 
Joint 

Efficiency 
('Yo; see 
Note 2) 

85 
100 

70 
85 
100 

75 
85 

70 
75 
85 

70 

70 

65 

35 

35 

80 

2. Regardless of any values given in this column, the efficiency for lap-welded joints between plates with surfaces of double curvature that have a com
pressive stress across the joint from a negative valuc of P g or other extemalloading may bc taken as unity; such compressive stress shall not exceed 
700 lbflin.2. For all other lap-welded joints, the joint e(f[clency [actor must be applied to the allowable compressive stress, Sea. The efficiency for full
penetration butt-welded joints, which are in compression across the entire thickness of the connected plates, may be taken as unity. 
3. All main butt-welded joints (see 5.26.3.2) shall be completely radiographed as specified in 7.15.1 and nozzle and reinforcement attachment weld
ing shall be examined by the magnetic-particle method as specified in 7.15.2. 
4. Thickness limitations do not apply to flat bottoms supported uniformly on a foundation. 
5. For the purposes of this table, a circumferential or latitudinal joins shall be considered subject to the same requirements and limitations as are lon
gitudinal or meridional joints when such a circumferential or latitudinal joint is located (a) in a spherical, tori spherical or ellipsoidal shape or in ary 
other surface of double curvature, (b) at the junction between a conical or dished roof (or bottom) and cylindrical sidewalls, as considered in 5.12.3 or 
(c) at a similar juncture at either end of a transition section or reducer as shown in Fignre 5-9. 
6. The efficiency factors shown for fillet welds and plug welds are not to be applied to the allowable shearing stress values shown in Table 5-3 for 
structural welds. 
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except as allowed in Appendix L, this stress shall not exceed 
80'10 of the speci fled minimum yield strength for carbon steel. 
For stainless steel and aluminum, see Q.3.3.5. 

5.6 MAXIMUM ALLOWABLE STRESS VALUES 
FOR STRUCTURAL MEMBERS AND BOLTS 

5.6.1 Subject to the provisions of 5.6.5, the maximum 
stresses in internal or external diaphragms, webs, trusses, col
umns, and other framing, as determined for any of the load
ings listed in 5.4 or any concurrent combination of such 
loadings expected to be encountered in the specified opera
tion, shall not exceed the applicable allowable stresses given 
in Table 5-3. 

where 

2 
S 

4g 

s longitudinal spacing (pitch), in in., of any two 
succcssive holes, 

g = transverse spacing (gauge), in in., ofthe same 
two holes. 

5.6.1.1 r n the case of angles, the gauge l()r holes in oppo
site legs shall be the sum of the gauges from the back of the 
angle minus the thickness. 

5.6.1.2 In determining the net section across plug or slot 
welds, the weld metal shall not be considered as adding the 
net area. 

5.6.1.3 For splice members, the thickness considered shall 
be only that part ofthe thickness of the member that has been 
developed by the welds or other attachments beyond the sec
tion considered. 

5.6.1.4 In pin-connected tension members other than 
forged eyebars, the net section across the pinhole, transverse 
to the axis of the member, shall be not less than 135%; the net 
section beyond the pinhole, parallel to the axis of the mem
ber, shall bc not less than 90% of the net section of the body 
of the member. The net width of a pin-connected member 
across the pinhole, transverse to the axis of the member, shall 
not exceed eight times the thickness of the member at the pin 
unless lateral buckling is prevented. 

5.6.2 External structural, or tubular, columns and framing 
subject to stresses produced by combination of wind and 
other applicable loads specified in 5.4 may be proportioned 
for unit stTesses 25% greater than those specified in Table 5-3 
if the required section is not less than that required for all 
other applicable loads combined on the basis of the unit 
stresses specified in Table 5-3. A corresponding increase may 
be applied to the allowable unit stresses in the connection 
bolts or welds lor such members. 

5.6.3 Allowable design stresses for bolts are established 
that recognize possible stressing during initial tightening. For 
flange bolts, these design allowable stresses also recognize 
additional stressing during overload and testing. Where bolts 
are used as anchorage to resist the shell uplift, see 5.11.2.2 for 
allowable stresses. 

5.7 CORROSION ALLOWANCE 

When corrosion is expected on any part of the tank wall 
or on any external or internal supporting or bracing mem
bers upon which the safety of the completed tank depends, 
additional metal thickness in excess of that required by the 
design computations shall be provided, or some satisfac
tory method of protecting these surfaces from corrosion 
shall be employed. The added thickness need not be the 
same for all zones of exposure inside and outside the tank 
(see Appendix G). 

5.8 LININGS 

When corrosion-resistant linings are attached to any element 
of the tank wall, including nozzles, their thickness shall not be 
included in the computation for the required wall thickness. 

5.9 PROCEDURE FOR DESIGNING TANK WALLS 

5.9.1 Free-Body AnalysiS 

Free-body analysis denotes a design procedure that deter
mines the magnitude and direction of the forces that must be 
exerted by the walls of a tank, at the level selected for analy
sis, to hold in static equilibrium the portion ofthe tank and its 
contents above or below the selected level as a free-body, as if 
it were isolated from the remaining portions of the tank by a 
horizontal plane cutting the walls of the tank at the level 
under consideration. 

5.9.2 Levels of Analysis 

Free-body analyses shall be made at successive levels 
from the top to the bottom of the tank fIX the purpose of 
determining the magnitude and character of the meridional 
and longitudinal unit iorces that will exist in the walls of the 
tank at critical levels under all the various combinations of 
gas pressure (or partial vacuum) and liquid head to be 
encountered in service, which may have a controlling effect 
on the design. Several analyses may be necessary at a given 
level of the tank to establish the governing conditions of gas 
pressure and liquid head for that level. The thicknesses 
required in the main walls of the tank shall then be computed 
by the applicable procedures given in 5.10.3. 

5.9.3 Tank Shape and Capacity 

The analyses in 5.9.2 provide the exact shape and overall 
dimensions needed for the desired capacity of the tank. 
Except for the more common shapes such as spheres and cyl-
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Table 5-3-Maximum Allowable Stress Values for Structural Members 

Structural Member 

Rolled steel, on net section 

Butt welds on smaller cross-sectional area, in or at 
edge of weld (see 5.16.8.3, item a) 

Bolts and other threaded parts on net area at roof of 
thread 

Axially loaded structural columns, structural brac
ing, and structural secondary members, on gross 
section 

Axially Loaded tubular columns, tubular bracing 
and tubular secondary members, on gross section 
(minimum pennissible thickness of 1/4 in.) 

Butt welds on smaller cross-sectional area, in or at 
edge of weld (crushing) 

Plate-girder stiffeners, on gross section 

Tension on extreme fibres of rolled sections, plate 
girders, and built-up members 

Compression on extreme fibers of rolled sections, 
plate girders, and built-up members 

With ld/bt not in excess of 600 

With ldlbt in excess of 600 

Stress on extreme fibers of pins 

Members subjected to both axial and bending loads 
shall be proportioned so that maximum combined 
axial and bending stress will not exceed the per
missible value for axial loading alone 

Stresses on extreme fibers ofbutl welds resulting 
from bending shall not exceed the values pre
scribed jlx tension and compression, respectively; 
such values for welds in tension must be multiplied 
by the applicable joint efllciency 

Stresses on extreme fibers of butt welds reSUlting 
from bending shall not exceed the values pre
scribed for tension and compression, respectively; 
such values for welds in tension must be multiplied 
by the applicable joint etliciency 

Value for Members Not Subject to 
Pressure-Imposed Loads 

( lbllin.2) 

Tension 

18,000 

18,000 

18,000 

Compression (see Note I) 

18,000/[1 + (12118,000,.1)] 

but not to exceed 15,000 

18,000Y/[1 + (1218,000,.1)] 

but not to exceed 15,000Y 

18,000 

18,000 

Bending (see Note 2) 

18,000 

18,000 

IO,800,000l(ldlbt) 

27,000 

Value lor Members Subject 
to Pressure-Imposed Loads 

( lb1lin.2) 

Per Table 5-1 

Per Table 5-1 

Per Table 5-1 

18,000/[1 + (J2118,000,.1)] 

but nOlto exceed 15,000 

18,OOOYI[1 + (f218,000,.1)] 

but not to exceed 15,OOOY 

15,000 

15,000 

Per Table 5-1 

Same as tens. val. from Table 5-1 

[(600) (tension value from Table 5-1)/[(ldlbt)] 

20,000 
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Table 5-3-Maximum Allowable Stress Values for Structural Members (Continued) 

Value for Members Not Subject to 
Pressure-Imposed Loads 

Value f(lr Members Subject 
to Pressure-Imposed Loads 

( lbti'in.2) Structural Member ( lbtlin.2) 

Shearing (see Note 2) 

Pins and turned bolts in reamed or drilled holes 
Unfinished bolts 
Webs of beans and plate girders where hit is not 
more than 60, or where web is adequately stiff
ened, on gross section of web 

13,500 
10,000 
12,000 

12,000 
8,000 

2/3 tension value from Table 5-1 

Webs of beams and plate finders where web is not 
adequately stifiened and hit is more than 60, on 
gross section of web 

18,000/[1 + (/z217200t2)] (Tension value from Tab Ie 5-1) 
/[1 + (h217200t2)] 

Fillet welds where load is perpendicular to the 
length of weld, on the section through the throat 
(see 5.16.8.3. item b) 
Fillet welds where load is parallel to the length of 
weld, on the section through the throat (see 
5.16.8.3, item b) 
Plug welds or slot welds, on etlective faying-sur
face area ofweld (see 5.24.5 and Table 5-2) 
Bull welds on least cross-sectional area, in or at 
edge of weld (see 5.16.8.3, item a) 

Pins and turned bolls in reamed or drilled holes 

Load applied to boll at only one side oflhe mem
ber connected 
Load distributed unifonnly, approximately, across 
thickness of the member connected 
Unfinished bolls 
Load applied to bolt at only one side of the mem
ber connected 
Load distributed uniformly, approximately, across 
thickness of the member connected 

Notes: 

12,600 70'% tension value from Table 5-1 

9,000 50% tension value from Table 5-1 

11,700 65% tension value from Table 5-1 

14,400 80% tension value from Table 5-1 

Bearing 

24,400 1.33 x tension value from Table 5-1 

30,000 1.67 x tension value from Table 5-1 

16,000 0.09 x tension value from Table 5-1 

20,000 1.1 x tension value from Table 5-1 

I. The variables in the compressive stress equations are defined as follows: 
I = unbraced length of the column, in in.; r = corresponding least radius of gyration of the column, in in.; t = thickness of the tubular column, 
in in.; Y = unity (1.0) for values of tlR equal to or greater than 0.015; Y = (2/3)[ 1 OO(t/r)] {2-(2/3)[ 1 OO)t/r)]} fix values of tlR less than 0.15. 

2. The variables in the bending stress equations are defined as follows: I = unsupported length of the member: for a cantilever beam not fully 
stayed at its outer end against translation or rotation,l shall be taken as twice the length of the compression flange, in in.; d = depth of the 
member, in in.; b = width of its compression flange, in in.; t = thickness of its compression flange, in in. 

3. The variables in the shearing stress equations are defIned as follows: II = elear distance between web flanges, in in.; t = thickness of the web, 
in in. 

inders, the determination of optimum shapes and sizes is fre
quently a trial-and-error procedure requiring considerable 
experience and judgment. As a further preliminary to making 
the JI'ee-body analyses (see 5.9.2) of tanks that will be pro
vided with internal ties, diaphragms, trusses, or other mem
bers subject to pressure-imposed loads, studies must be made 
to establish the pre1erred arrangement ofthe members and the 
magnitude and nature of the loads they must carry under the 
various conditions of gas pressure and liquid level that will be 
encountered in operation (see 5.13). 

5.9.4 Flat Bottoms of Cylindrical Tanks 

5.9.4.1 Flat bottoms of cylindrical tanks that are uniformly 
supported on a ringwall, grade, or concrete-slab foundation 
are pressure-resisting membranes but are considered non
stTessed because of support from the foundation. 

5.9.4.2 All bottom plates shall have a minimum nominal 
thickness of 1/4 in. exclusive of any corrosion allowance spec
ified by the purchaser for the bottom plate. (See Q.3.4.7 for 
an exception to this requirement.) 
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5.9.4.3 Bottom plates shall be ordered to a sufficient size 
so that when they are trimmed, at least a 1 in. width will 
project beyond the outside edge of the weld that attaches the 
bottom to the sidewall plate. 

5.9.4.4 Unless otherwise specified by the purchaser, lap
welded bottom plates shall be furnished and installed to lap 
over the adjacent plate a minimum of 1 in. Three-plate joints 
in tank bottoms shall not be closer than 12 in. from each other 
and 12 in. from the sidewall. 

5.9.4.5 Lap-welded bottom plates under the sidewall shall 
have the outer ends of the joints fitted and lap-welded to toml 
a smooth bearing for the sidewall plates (see Figure 5-2). 

5.9.4.6 Bottom plates under the sidewall that are thicker 
than 3/8 in. shall be butt-welded. The butt-welds shall be 
made using a backing strip 1/8 in. thick or more, or they shall 
be butt-welded from both sides. Welds shall be full fusion 
through the thickness ofthe bottom plate. The butt-weld shall 
extend at least 24 in. inside the sidewall. 

5.9.5 Sidewall-to-Bottom Fillet Weld 

5.9.5.1 For bottom and annular plate nominal thicknesses 
1/2 in. and less, the attachment between the bottom edge of 
the lowest course sidewall plate and the bottom plate shall be 
a continuous fillet weld laid on each side of the sidewall plate. 
The size of each weld shall not be greater than 1/2 in., not less 
than the nominal thickness of the thinner of the two plates 
joined (that is, the sidewall plate or the bottom plate immedi
ately under the sidewall), and not less than the values shown 
in Table 5-4. 

5.9.5.2 The plates of the first sidewall course shall be 
attached to the bottom plates under the sidewall by a fillet 
weld inside and outside as required by 5.9.5.1, but when the 
sidewall material has a specified minimum yield strength 
greater than 36,000 Ibf/in.2, each weld shall be made with a 
minimunl of two passes. 

5.9.5.3 For bottom plates under the sidewall with a nomi
nal thickness greater than 1/2 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 are of a 
size equivalent to the thickness of the bottom plate under the 
sidewall (see Figure 5-3). 

5.9.6 Discontinuity of Junctures 

For tanks that have points of marked discontinuity in the 
direction of the meridional tangent, such as the points that 
occur at the juncture between a conical or dished roof (or bot
tom) and a cylindrical sidewall or at the juncture between a 
conical reducer and a cylindrical sidewall, the portions of the 
tank near these points shall be designed in accordance with 
the provisions of5.12. 

rShell plate 

Figure 5-2-Method for Preparing Lap-Welded Bottom 
Plates Under the Tank Sidewall 

liz" maximum 
minimum 

It---r---c:..:===-':~=4=~....l--''''-t "~/c" 
r---------+-~--+-----~~ 

t minimum 

1/2" maximum 
'/4" minimum 

Figure 5-3-Detail of Double Fillet-Groove Weld for 
Bottom Plates with a Nominal Thickness Greater 

than 1/2 in. (See 5.9.5.3) 

Table 5-4-Sidewall-to-Bottom Fillet Weld for 
Flat-Bottom Cylindrical Tanks 

Maximum Thickness 
of Shell Plate (in.) 

0.1875 

> 0.1875 - 0.75 

> 0.75 - 1.25 

> 1.25 - 1.50 

Minimum Size of 
Fillet Weld (in.) 
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5.10 DESIGN OF SIDEWALLS, ROOFS, AND 
BOTTOMS 

5.10.1 Nomenclature 

The variables used in the fomlUlas throughout 5.10 are 
defined as follows: 

P = total pressure, in IbD'in.z gauge, acting at a given level 
of the tank under a particular condition of loading, 

p,+Pg , 

pressure, in Ibtlin2 gauge, resulting from the liquid 
head at the level under consideration in the tank, 

gas pressure, inlblhn.z gauge, above the surface ofthe 
liquid. The maxinlunl gas pressure (not exceeding 15 
lbllin.z gauge) is the nominal pressure rating of the 
tank. Pg is positive except in computations used to 
investigate the ability of a tank to withstand a partial 
vacuum; in such computations, its value is negative, 

meridional unit force, in Ibf/in. of latitudinal arc, in 
the wall of the tank at the level under consideration. 
Tl is positive when in tension, 

Tz = latitudinal unit force, in IbD'in. of meridional arc, in 
the wall of the tank at the level under consideration. 
12 is positive when in tension. (In cylindrical side
walls, the latitudinal unit forces are circumferential 
unit forces.) 

w 

radius of curvature ofthe tank wall, in in., in a meridi
onal plane, at the level under consideration. Rl is to be 
considered negative when it is on the side of the tank 
wall opposite from Rz except as provided in 5.10.2.6, 

length, in in., of the normal to the tank wall at the 
level under consideration, measured from the wall of 
the tank to its axis of revolution. Rz is always positive 
except as provided in 5.10.2.6, 

total weight, in lb, orthat portion of the tank and its 
contents (either above the level under consideration, 
as in Figure 5-4, panel b, or below it, as in Figure 5-4, 
panel a) that is treated as a free-body in the computa
tions for that level. Strictly speaking, the total weight 
would inelude the weight of all metal, gas, and liquid 
in the portion of the tank treated as described; how
ever, the gas weight is negligible, and the metal 
weight may be negligible compared with the liquid 
weight. W shall be given the same sign as P when it 
acts in the same direction as the pressure on the hori
zontal face of the free-body; it shall be given the 
opposite sign when it acts in the opposite direction, 

F = summation, in lb, of the vertical components of the 
forces in any and all internal or external ties, braces, 
diaphragms, trusses, columns, skirts, or other struc-

tural devices or supports acting on the free-body. F 
shall be given the same sign as P when it acts in the 
same direction as the pressure on the horizontal face 
of the free-body; it shall be given the opposite sign 
when it acts in the opposite direction, 

At = cross-scctional area, in in. z, of the interior of the tank 
at the level under consideration, 

t = thickness, in in., of the sidewalls, root~ or bottom of 
the tank, including corrosion allowance, 

c = corrosion allowance, in in., 

E eIliciency, expressed as a decimal, ofthe weakest joint 
across which the stress under consideration acts. 
[Applicable values given in Table 5-2 shall be used 
except that, for (a) butt-welded joints in compression 
across their entire thickness and (b) the lap-welded 
joints in compression specified in Note 3 of Table 5-2, 
E may be taken as unity.] 

SIS = maximunl allowable stress for simple tension, in IbU 
in.z, as given in Table 5-1, 

Stc 

allowable tensile stress, in Ibti'in.z, established as pre
scribed in 5.5.3.3, 

allowable compressive stress, in Ibf/in.2, established 
as prescribed in 5.5.4, 

computcd tensile stress, inlbf/in2, at the point under 
consideration, 

Scc = computed compressive stress, inlbD'in.2, at the point 
under consideration. 

5.10.2 Computation of Unit Forces 

5.10.2.1 At each level of the tank selected for free-body 
analysis as specified in 5.9 (see typical diagrams in Figure 5-
4) and for each condition of gas and liquid loading that must 
be investigated at that level, the magnitude of the meridional 
and latitudinal unit forces in the wall of the tank shall be com
puted from the following equations, except as provided in 
5.1 0.2.6,5.11, or 5.1216 

T =-P+--R2(" W+ F) 
1 2 AI 

(1) 

(2) 

(3) 

Nole: Foolnote 16 is also applicable to Equations 1,2, and 3. 

5.10.2.2 Positive values of Tj and T2 indicate tensile 
forces; negative values indicate compressive forces. 
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5.10.2.3 Free-body analyses shall be made at the level of 

each horizontal joint in the sidewalls, root: and bottom of the 
tank and at any intem1ediate levels at which the center of cur
vature changes significantly. The maximum total pressure 

(liquid head plus gas pressure) that can exist at a given level 

will not necessarily be the governing condition for that level. 
Sufficient analyses shall be made at each level to detcrn1ine 

the combination of liquid head and gas pressure (or partial 

vacuum) that, in conjunction with the allowable tensile and 
compressive stresses, will control the design at that level. A 

tank may normally be operated at a fixed height ofliquid con
tents, but the tank must be made safe for any conditions that 
might develop in filling or emptying the tank. This will neces

sitate a particularly careful investigation of sidewalls of dou
ble curvature. 

5.10.2.4 Mathematically exact instead of approximate 
values of R[ and R2 should be used in computations tor 

ellipsoidal roofs and bottoms. The values for a point at a 
horizontal distance, x, from the vertical axis of a roof or 
bottom in which the length of the horizontal semiaxis, a, is 
two times the length of the vertical semiaxis, b, may be 

determined by multiplying length a by the appropriate fac
tor selected from Table 5-5. Values lor ellipsoidal shapes of 

other proportions may be computed using the tollowing 
fornmlas: 

4 
a 

16Equations 2, 5, and 9 have been derived from a summation of the 
normal-to-surface components of the T) and T2 forces acting on a 
unit area of the tank wall subjected only to pressure P. To be techni
cally correct, the normal-to-surface components of other loads, such 
as metal, snow or insulation, should be added to or subtracted from 
P. For the usual intemal design pressure, these added loads are small 
compared with P and can be mooted without significant error. 
Where the pressure P is relatively small, as in the case of a partial 
vacuum loading, the other load components can have a substantial 
effect on the calculated 72 force and the resultant thickness. 

Equations 3 and 6 are correct only when P is the free-body pres
sure without the normal-to-surface components of other loads. 

The example in F.3 calculates the required roof thicknesses under 
a small vacuum by considering the metal, insulation and snow loads 
in Equations 1-5. The designer should note that if these loads had 
been omitted, the calculated thicknesses would have been much less 
than the correct values. 

In Equations 1, 4, 8, and 10, 11' is intended to include loads of 
insignificant value, such as metal weight. At points away from the 
vertical centerline of the roof: the value of T2 is required lor the 
thickness calculations of Equations 18,20, and 22 and the value of P 
in Equations 2, 5, and 9 must be modified by the nonnal components 
of the added loads for the correct determination of T2. 

5.10.2.5 Equations I and 2 are generallormulas applicable 

to any tank that has a single vertical axis or revolution and to 
any free-body in the tank that is isolated by a horizontal plane 

which intersects the walls of the tank in only one circle (see 
5.10.2.6). For tanks or segments of tanks of the shapes most 

commonly used, Equations I and 2 reduce to the following 
simplified equations for the respective shapes indicated in 

items a-c. 

a. For a spherical tank or a spherical segment of a tank, R [ = 

R2 = Rs (the spherical radius of the tank or segment), and 
Equations I and 2 become the following: 

T I ~(p+ w+g 
~ AI 

(4) 

7'2 = R,P-Tl (5) 

T = RI(p_ W+F) 
2 2 AI 

(6) 

Note: See Footnote 16 for infonnation applicable to Equations 4-6. 

Furthermore, if the sphere is for gas pressure only and if 
(W + F)IAt is negligible compared with Pg, Equations 4 and 5 
reduce to the following: 

7' -7' - tl P R [-2- 2 gs 

b. For a conical roof or bottom, 

R [ = infinity 

where 

R3 = horizontal radius of the basc of the cone at the 
level under consideration, 

a = one-half the included apex angle of the conical 
roof or bottom. 

(7) 

For this condition, Equations 1 and 2 reduce to the fol
lowing: 

7'1 ( Rl)( W + F) 
2c;sa P+~ (8) 

7'2 = 
PRJ 
coso. 

(9) 

Note: See Footnote 15 for information applicable to Equations 8 
and 9. 
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Axis of revolution - Axis of revolution 

Free 
body 

Level under 
consideration 

Panel a 

Free 
body 

Panelb 

n = number of 
ties,cut by this plane 

~~ffifu:~~~~~1 
Level under 
consideration 

Panelc 

Figure 5-4-Typical Free-Body Diagrams for Certain Shapes of Tanks 

c. For cylindrical sidewalls of a vertical tank, R\ = infinity; 
R2 = Rc, the radius of the cylinder; and Equations I and 2 
become the following: 

(10) 

(11) 

Note: See Footnote 15 for infonmation applicable to Equation 10. 

Furthermore, if the cylinder is for gas pressure only and 
(W + F)/At is negligible compared with Pg , Equations 10 
and 11 reduce to the following: 

(12) 

(13) 

5.10.2.6 Where a horizontal plane that passes through a 
tank intersects the roof or bottom in more than one circle, 
thus isolating more than one free-body at that level, the for
mulas given in 5.10.2.1 and 5.10.2.5 apply only to the central 
free-body whose walls continue across and arc pierced by the 
axis of revolution. (An example of the kind of plane described 
would be one passed through the bottom of the tank shown in 
Figure 5-4, panel c, just a short distance below the lower ends 
of the internal ties.) Thc meridional and latitudinal unit forces 
acting along the edges of the annular tree-body or bodies 
lying outside ofthe central free-body must be computed trom 
fonnulas developed especially for the particular shape of 
free-body cross section involved. This standard cannot pro
vide formulas for all shapes of cross sections and conditions 
of loading that might be used at these locations; however, for 
a toroidal segment that rests directly on its loundation (see 
5.11.1) and has a constant meridional radius, R\, such as is 
used in the outer portion of the bottom of the tanks shown in 
Figure 5-4, panel e, applicable equations for the meridional 
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and latitudinal unit forces in the walls of the segment are as 
follows: 

T = P R (I-~) 
I g I 2R2 (14) 

(15) 

The variab les are defined in 5.1 0.1; however, in this case, 
R[ is always positive andR2 is negative when it is on the tank 
wall on the side opposite from R[. 

5.10.3 RequiredThickness 

5.10.3.1 The thickness of the tank wall at any given level 
shall be not less than the largest value of t as determined for 
the level by the methods prescribed in 5.10.3.2 through 
5.10.3.5. In addition, provision shall be made by means of 
additional metal, where needed, for the loadings other than 
internal pressure or possible partial vacuum enumerated in 
5.4. If the tank walls have points of marked discontinuity in 
the direction of the meridional tangent, such as occur at the 
juncture between a conical or dished roof (or bottom) and a 
cylindrical sidewall, the portions of the tank near these points 
shall be designed in accordance with the provisions of 5.12. 

5.10.3.2 If the units forces 1'[ and T2 are both positive, 
indicating tension, for the governing combination of gas pres
sure (or partial vacuum) and liqukl head at a given level of the 
tank, the larger of the two shall be used for computing the 
thickness required at that level, as shown in the following 
equations: 

(16) 

In these equations, Sts and E have the applicable values 
prescribed in Tables 5-1 and 5-2, respectively. 

5.10.3.3 If the unit force T1 is positive, indicating tension, 
and 12 is negative, indicating compression, for the governing 
combination of gas pressure (or partial vacuum) and liquid 
head at a given level of the tank or if T2 is positive and T[ is 
negative, the thickness of tank wall required for this condition 
shall be deternlined by assuming different thicknesses until 
one is found for which the simultaneous values of the com
puted tension stress, Stc, and the computed compressive 
stress, scc, satisfy the requirements of 5.5.3.3 and 5.5.4.5, 
respectively. The determination ofthis thickness will be facil
itated by using a graphical solution such as the one illustrated 
in F -2. [7 Notwithstanding the foregoing provisions, if the unit 

17See Figure F-3, a copy of a chart used to make graphical solutions. 

Table 5-5-Factors for Determining Values of R1 and 
R2 for Ellipsoidal Roofs and Bottoms (see 5.10.24) 

x/a u =R/a v = R2!a 

0.00 2.000 2.000 
0.05 1.994 1.998 
0.10 1.978 1.993 
0.15 1.950 1.983 
0.20 1.911 1.970 

0.25 1.861 1.953 
0.30 1.801 1.931 
0.35 1.731 1.906 
0.40 1.651 1.876 
0.45 1.562 1.842 

0.50 1.465 1.803 
0.55 1.360 1.759 
0.60 1.247 1.709 
0.65 1.129 1.653 
0.70 1.006 1.591 

0.75 0.879 1.521 
0.80 0.750 1.442 
0.85 0.620 1.354 
0.90 0.492 1.253 
0.95 0.367 1.137 
1.00 0.250 1.000 

Note: The variables in this table are defined as l'l11ows: x = hori
zontal distance from point in roof or bottom to the axis of the rev
olution; a = horizontal semiaxis of the elliptical cross section; Rj 
= ua; R2 = va. 

force acting in compression in the case described does not 
exceed 5% of the coexistent tensile unit force acting perpen
dicular to it, the designer has the option of detemlining the 
thickness required for this condition by using the method 
specified in 5.10.3.2 instead of complying strictly with the 
provisions of this paragraph. The value of the joint efficiency 
factor, E, will not enter into this detemlination unless the 
magnitude of the allowable tensile stress, Sta, is governed by 
the product ESts as provided in 5.5.3.3. 

5.10.3.4 If the unit forces T[ and 12 are both negative and 
of equal magnitude for the governing condition of loading at 
a given level of the tank, the thickness of tank wall required 
for this condition shall be computed using Equation 17: 

(17) 

In this equation, Sea has the appropriate value lor the thick
ness-to-radius ratio involved, as prescribed in 5.5.4.3 and 
5.5.4.6. Lap-welded joints shall be subject to the limitations 
of 5.5.4.6 and Table 5-2 (including Note 3). 
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5.10.3.5 If the unit forces 1'] and 1'2 are both negative 
but of unequal magnitude for the governing condition of 
loading at a given level, the thickness of tank wall required 
for this condition shall be the largest of those thickness 
values, computed by the stepwise procedure outlined in 
items a-C that show a proper correlation with the respec
tive thickness-lo-radius ratios involved in their computa
tion (see Steps 2 and 4). 

a. Step 1. The values of Equations 18 and 19 shall be com
puted as follows: 

_ J(T' + 0.8T")i + ' 
t - 1342 ( (18) 

Note: See Footnote 15 for infclnnation applicable to Equation 18. 

J1'''R'' 
t = lOOO + c (19) 

In both equations, the value of r shall be equal to the 
larger of the two coexistent unit forces; the value of T' shall 
be equal to the smaller of the two unit forces. R' and R" shall 
be equal to RI and Rz, respectively, if the larger unit force is 
latitudinal; conversely, it and It' shall be equal to R2 and RI, 
respectively, if the larger unit force is meridionaL 

b. Step 2. The corrosion allowance shall be deducted from 
each of the two thicknesses computed in Step 1, and the 
thickness-to-radius ratio, (t - c)/R, shall be checked for each 
thickness based on the value of R used in computing it by 
either Equation 18 or 19. If both such thickness-to-radius 
ratios are less than 0.00667, the larger of the two thicknesses 
computed in Step 1 will be the required thickness for the con
dition under consideration; otherwise, Step 3 shall be 
followed. 

c. Step 3. Ifone or both thickness-to-radius ratios detemlincd 
in Step 2 exceed 0.00667, the values of the following equa
tions shall be computed: 

= (/ +0.81''')+c 
1 15,000 

(20) 

T 
1 = +c 

8340 
(21) 

Note: See Footnote 15 for inionnation applicable to Equation 20. 

d. Step 4. The corrosion allowance shall be deducted from 
each of the two thicknesses computed in Step 3, and the 
thickness-to-radius ratio, (I - c)/R, shall be checked for each 
thickness using a value ofR equal to R' as defined in Step 1 in 
connection with the thickness determined from Equation 20 
and a value of R equal to R" connection with the thickness 
determined Irom Equation 21. I f both such thickness-to-

radius ratios are greater than 0.0175, the larger of the two 
thicknesses computed in Step 3 will be the required thickness 
for the condition under consideration; otherwise, Step 5 shall 
be followed. 

e. Step 5. If one or more of the thickness-to-radius ratios 
detemlined in Step 2 or Step 4 fall between 0.00667 and 
0.0175 and the thickness involved was computed using Equa
tions 18 or 20, a thickness shall be found that satisfies the 
following equation: 

10, 150(t-c) + 277,400 (t- C)2 

R 
T' + 0.8T" (22) 

Note: See Footnote 15 for infonnation applicable to Equation 22. 

If the thickness involved was computed using Equation 19 
or 21, a thickness shall be found that satisfies the following 
equation: 

5650(I-C)+154,200(I-c)2 = T" (23) 
R" 

f Step 6. A tentative final selection of thickness shall be 
made from among the thickness values computed in the pre
vious steps (if the value has not been finally established 
earlier in the procedure). The values of sec shall be computed 
for both T] and 1'2 and checked to see that they satisty the 
requirements of 5.5.4.4 and 5.5.4.6. If the tentative thickness 
does not satisfy these requirements, the necessary adjust
ments shall be made in the thickness to make the values of scc 
satisfy these requirements. 

5.10.3.6 The procedure described in 5.10.3.5 is for the 
condition in which biaxial compression with unit forces of 
unequal magnitude is governing. fn many cases, however, a 
tentative thickness will have been previously established by 
other design conditions and will need to be checked only for 
the external pressure or partial vacuum condition. In such 
cases, the designer has only to compute the values of See for 
both T] and T2 and then check to sec that these satisfy the 
requirements of 5.5.4.4, as specified in Step 6. (See F.3 for 
examples illustrating the application of 5.10.3.5.) 

5.10.4 Least Permissible Thicknesses 

5.10.4.1 Tank Wall 

The minimum thickness of the tank wall at any level shall 
be the greatest of the following: 

a. A measure of 3!I6 in. plus the corrosion allowance. 

b. The calculated thickness in accordance with 5.10.3 plus 
the corrosion allowance. 
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c. The nominal thickness as shown in Table 5-6. The nominal 
thickness refers to the tank shell as constructed. The thick
nesses specified are based on erection requirements. 

5.10.4.2 Nozzle Neck 

See 5.19.2 for the minimum thickness of the nozzle neck. 

5.10.5 External Pressure Limitations 

5.10.5.1 The thicknesses computed using the formulas 
and procedures specifLed in 5.10, where Pg is a negative 
value equal to the partial vacuum for which the tank is to bc 
designed, will ensure stability against collapse for tank sur
faces of double curvature in which the meridional radius, 
RI, is equal to or less than R2 or does not exceed R2 by more 
than a very small amount. Data on the stability of sidewall 
surfaces of prolate spheroids are lacking; the formulas and 
procedures are not intended to be used for evaluating the 
stability of such surfaces or of cylindrical surfaces against 
external pressure. 

5.10.5.2 This standard does not contain provisions for the 
design of cylindrical sidewalls that are subject to partial inter
nal vacuum in tanks constructcd lor the storage of gases or 
vapors alone. However, cylindrical sidewalls of vertical tanks 
designed in accordance with these rules for storing liquids 
(with the thickness of upper courses not less than specified in 
5.10.4 for the tank size involved and with increasing thick
ness from top to bottom as required fix the combined gas and 
liquid loadings) may be safCly subjected to a partial vacuum 
in the gas or vapor space not exceeding 1 ounce per square in. 
with the operating liquid level in the tank at any stage from 
full to empty. The vacuum relief valve or valves shall be sct to 
open at a smaller partial vacuum so that the I-ounce partial 
vacuum will not be exceeded when the intlow of air (or gas) 
through the valves is at the maximum specifLed rate. 

5.10.6 Intermediate Wind Girders for Cylindrical 
Sidewalls 

5.10.6.1 The maximum height of unstiffened sidewall, in 
ft, shall not excced: 

where 

HI = 6(100t)Jc~tr 

vertical distance between the intemlediate wind 
girder and the top ofthe sidewall or in the case of 
fomled heads the vertical distance between the 

intemlediate wind girder and the head-bend line 
plus one-third the depth ofthe lomled head, in fl, 

the thickness ofthe top sidewall course, as ordered 
condition unless otherwise speciiied, in in., 

D = nominal tank diameter, in ft. 

Note: This lonnula is based em the following ractors: 

a. A design wind velocity, V, or 100 mph which imposes a 
dynamic pressure of25.6 Ibf/ft2. The velocity is increased by 
10% for either a height above the ground or a gust factor. Thc 
pressure is thus increased to 31 Ibt/ft2. An additional 5 lbfm2 

is added for internal vacuunl. This pressure is intended by 
these rules to be the result of a 100 miles per hour fastest mile 
velocity at approximately 30 ft above the ground. HI may be 
modified tor other wind velocities, as spccifled by the pur
chaser, by multiplying the formula by (1001V)2. When a 
design wind pressure, rather than a wind velocity, is stated by 
the purchaser, the preceding increase factors should be added, 
unless they are contained within the design wind pressure. 

b. The fomlula is based on the wind pressure being uniform 
over the theoretical buckling mode in the tank sidewall which 
eliminates the necessity of a shape factor for the wind 
loading. 

c. The fiJmmla is based on the modifled U.S. Model Basin 
fomlUla lor the critical unifoml external pressure on thin-wall 
tubes free from end loading, subject to the total pressure in 
item a. 

d. When other factors are specified by the purchaser which are 
greater than those in (a) through (c), the total load on the side
wall shall be modified accordingly and H1 shall be decreased 
by the ratio of36 lbf/ft2 to the modi fied total pressure. 

e. The background for the criteria given in the note is cov
ered in R. V. McGrath, "Stability of AP[ Standard 650 Tank 
Shells," Proceedings of the American Petroleum lnstitute, 
Section III-Refining, American Petroleum Institute, New 
York, 1963, Vol. 43, pp. 458-469. 

Table 5-6-Tank Radius Versus Nominal Plate 
Thickness 

Tank Radius 

(ft) 

;";25 

> 25 ~ 60 

> 60 - [00 

> [00 

Nominal Plate Thickness 
(in.) 

3/16 

5/16 
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5.10.6.2 To determine the maximum height HI of the 
unstiffened sidewall, a calculation shall be made using the 
thickness of the top sidewall course. Next the height of the 
transformed sidewall shall be calculated as follows: 

a. Change the width (W) of each sidewall course into a trans
posed width (W/r) of each sidewall course, having the top 
sidewall thickness, by the following relationship: 

where 

'uniform 

W = ('''''i!Orm)5 
fI' W 

(acltial 

thickness orthe top sidewall course, as ordered 
condition in in.es, unless otherwise specified, 

tactual thickness of the sidewall course for which 
transposed width is being calculated, as ordered 
condition in in., unless otherwise specified, 

W = actual course width, in it, 

W /r = transposed course width, in n. 

b. The sum of the transposed width of each course will give 
the height of the trans[om1ed sidewall. 

5.10.6.3 If the height of the transposed sidewall is greater 
than the maximum height, HI, an intermediate girder is 
required. 

a. For equal stability above and below the intermediate wind 
girder, the latter should be located at the mid-height of the 
transposed sidewall. The location of the girder on the actual 
sidewall should be at the same course and relative position as 
on the transposed sidewall using the foregoing thickness 
relationship. 

b. Other locations for the girder may be used provided the 
height of the unstilTened sidewall on the transposed sidewall 
does not exceed HI (see 5.10.6.5). 

5.10.6.4 If half the height of the transposed sidewall 
exceeds the maximum height, Ih a second intermediate 
girder shall be used in order to reduce the height of unstit1~ 
ened sidewall to a height less than the maximum. 

5.10.6.5 Intermediate wind girders shall not be attached to 
the sidewall within 6 in. of a horizontal joint of the sidewall. 
When the preliminary location of a girder is within this dis
tance from a horizontal joint, the girder shall preferably be 
located 6 in. below the joint, except that the maximum 
unstitlencd sidewall height shall not be exceeded. 

5.10.6.6 The required minimum section modulus, in in. 
cubed, of the intem1ediate wind girder shall be detem1ined by 
the equation: 

Note: This equation is based on wind velocity of 100 miles per hour. 
If specified by the purchaser, other wind velocities may be used by 
multiplying the equation by (VIIOOP. Refer to item a. of notes to 
5.10.6. l for a description of the loads on the lank sidewall which are 
used lex the 100 mile per hour design wind velocity. 

5.10.6.7 Where the use of a transposed sidewall pem1its 
the intem1ediate wind girder to be located at a height less than 
HI calculated by the iom1Ula in 5.10.6.1, the spacing to the 
mid-height of the transposed sidewall, transposed to the 
height of the actual sidewall, may be substituted [or J-h in the 
calculation for minimum section modulus if the girder is 
attached at the transposed location. 

5.10.6.8 The section modulus of the intermediate wind 
girder shall be based upon the properties of the attached 
members and may include a portion of the sidewall lor a dis
tance of 1.47(Dt)O.5 above and below the attachment to the 
sidewall, where t is the sidewall thickness at the attachment. 

5.10.6.9 Intermediate stifieners extending a maximum of 6 
in. from the outside of the sidewall are permitted without 
need for an opening in the stifiener when the nominal stair
way width is at least 24 in. For greater outward extensions of 
a stiilener, the stairway shall be increased in width to provide 
a minimum clearance of 18 in. between the outside of the 
stifiener and the handrail of the stairway, subject to the 
approval of the purchaser. 

If an opening is necessary, the built up section shall have a 
section modulus greater than or equal to that required for the 
stiilener. 

5.11 SPECIAL CONSIDERATIONS APPLICABLE 
TO BOTTOMS THAT REST DIRECTLY ON 
FOUNDATIONS 

5.11.1 Shaped Bottom 

Where the bottom of a tank is a spherical segment or a 
spherical segment combined with one or more toroidal seg
ments, or is conical in shape, and the entire bottom area 
rests directly on the tank foundation in such a way that the 
foundation will absorb the weight of the tank contents with
out significant movement, the liquid head may be neglected 
in computing the internal pressure, P, acting on the bottom 
and in computing the unit forces, TI and Tz, in the bottom. 
Under these conditions, the unit forces in the bottom of the 
tank may be computed considering that P in each case is 
equal to Pg. 
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5.11.2 Flat-Bottom Tanks with Counterbalance 

5.11.2.1 General 

In tanks that have cylindrical sidewalls and fiat bottoms, 
the uplift that results from the pressure acting on the under
side of the roof combined with the effect of design wind pres
sure, or seismic loads if specified, must not exceed the weight 
of the sidewalls plus the weight ofthat portion of the roof that 
is carried by the sidewalls when no uplifts exists unless the 
excess is counteracted by a counterbalancing structure such 
as a concrete ringwall, a slab foundation, or another structural 
system. The means for accomplishing this shall be a matter of 
agreement between the manufacturer and the purchaser. Sim
ilar precautions must be taken with flat-bottomed tanks of 
other shapes. All weights used in such computations shall be 
based on net thicknesses of the materials, exclusive of corro
sion allowance. 

5.11.2.2 Counterbalancing Structure 

The counterbalancing structure, which may be a founda
tion or support system, shall be designed to resist uplift calcu
lated as described in 5.11.2 based on 1.25 times the internal 
dcsi!:,'ll pressure plus the wind load on the shell and roof based 
on its projection on a vertical plane. If seismic loads are spec
ified, uplift shall be calculated using internal design pressure 
plus the seismic loads. Wind and seismic loads need not be 
combined. 

5.11.2.3 Anchorage 

The design of the anchorage and the attachments to the 
tank shall be a matter of agreement between the manufac
turer and the purchaser and shall satisfy the following 
conditions: 

a. The design stresses shall satisfy all of the conditions in 
Table 5-7. 

b. When corrosion is specified for the anchors, thickness 
shall be added to the anchors and the attachments. Ifbolts are 
used for anchors, the nominal diameter shall be not less than 
1 in. plus a corrosion allowance of at least 1/4 in. on the 
diameter. 

c. Attachments of anchors to the shell shall be designed 
using good engineering practice. 

d. Anchor materials and allowable stresses shall be those per
mitted by Table 5-1. 

Note: The allowable stresses for stainless steel and aluminum 
anchors for the applicable loading conditions are found in Q.3.3.5, 
Q.8.1.3, and Table Q-3. 

5.11.3 Flat-Bottom Tanks Without 
Counterbalancing Weight 

The detailed design of flat-bottom tanks without counter
balancing weight shall be a matter of agreement between the 
manufacturer and the purchaser and shall satisfy the follow
ing conditions: 

a. The bottom of a Hat-bottom tank shall be designed to 
remain fiat during all design and test conditions. When the 
flat-bottom tank is designed without anchoring the shell to the 
counterbalancing weight, the bottom will be designed to carry 
all the weight and pressure /()rces distributed on the bottom 
and to transfer the uplift forces from the sidewall through the 
bottom plates. The uplitl lorces will be obtained from a free
body analysis as specified in 5.9 and 5.10. These forces shall 
be determined for the tank (deducting any specified corrosion 
allowance) for both a fUll and an empty condition and shall 
include uplitl from design wind velocity. The largest values 
will be used for design. 
b. The bottom plates in the Hat-bottom tank shall be designed 
as a strength member to span between main structural mem
bers (for example, grillage beams or other structural 
members) and transfer the distributed pressure and liquid
weight forces to these main structural members. 
c. When the bottom plate is a bending strength member, sin
gle-fillet lap joints are not pem1itted in the bottom plate. 
d. Adequate provision shall be made at the sidewall to trans
ter the uplift torces from the shell to the shear-carrying 
elements in the bottom structure. 
c. Consideration shall be given to protecting all bottom struc
tural elements fTom environmental corrosion. 
f. Anchorage shall be provided for resistance to wind and 
earthquake forces and shall be designed in accordance with 
5.11.2.3 . 

Table 5-7-Allowable Tension Stresses for Uplift 
Pressure Conditions (see 5.11.2.2) 

Source of 
Uplift Pressure 

Tank design pressure 

Tank design pressure plus 
wind or earthquake 

Tank lest pressure 

Note: 

Allowable Tension 
Stress" (psi) 

Allowable design stress, SL< 

(see Table 5-1) 

Smaller of 1.33 SIS or 80% of 
the specified minimum yield 

slrength 

Smaller of 1.33 SIS or 80%, of 
the specified minimum yield 

strength 

"The allowable tension stress determined at the minimum net sec
tion or tensile stress area of the anchor. 
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5.11.4 Additional Considerations 

Unless otherwise required, tanks that may be subject to 
sliding due to wind shall use a maximum allowable sliding 
friction ofOAO times the force against the tank bottom. 

5.12 DESIGN OF ROOF AND BOTTOM KNUCKLE 
REGIONS AND COMPRESSION-RING 
GIRDERS 

5.12.1 Design Limitations 

The design rules in this section do not cover the junction 
between a conical reducer and cylindrical sidewalls except as 
indicated on Figure 5-9, panel b. However, the provisions of 
this section shall be observed at such a juncture if the angle 
lomled is nonreentrant. (See 5.18.3 Jar design of reentrant 
junctures.) 

5.12.2 General 

When the roof or bottom of a pressure tank is a cone or 
partial sphere (or nearly so) and is attached to cylindrical 
sidewalls, the membrane stresses in the roof or bottom pull 
inward on the periphery of the sidewalls. This pull results in 
circumterential compressive torces at the juncture, which 
may be resisted either by a knuckle curvature in the roof or 
bottom or by a limited zone at the juncture of the intersect
ing roof or bottom plates and sidewall plates, supplemented 
in some cases by an angle, a rectangular bar, or a horizon
tally disposed ring girder. All longitudinal and meridional 
joints in a knuckle region, or between those portions of 
plates that are considered to participate 18 in resisting com
pressive lorces in a compression-ring region, and all radial 
joints in a compression-ring angle, bar, or girder shall be 
butt-welded. 

5.12.3 Knuckle Regions 

5.12.3.1 If a curved knuckle is provided, a ring girder or 
other lorm of compression ring shall not be used in connec
tion with it, and there shall be no sudden changes in the direc
tion of a meridional line at any point. In addition, the radius 
of curvature of the knuckle in a meridional plane shall be not 

18Il~ for manufacturing reasons, it is uneconomical or impractical to 
use butt-welded longiludinal or meridional joints for a distance on 
either side or the juncture as computed using Equations 24 and 25 
and the thickness of the plates involved does not exceed the applica
ble limits lix lap joints as set forth in Table 5-2, the joints may be 
lap-welded provided that the plates joined in this way are not given 
credit I(Jr contributing to the net cross-sectional area provided for 
resisting compressive iarces in the compression-ring region. In such 
a case, however, computation of (a) torce Q from Equation 26, (b) 
the width or the horizontal projection (sec 5.12.5) and (c) the cen
troid of the composite comer compression region (see 5.12.5) shall 
be made as though these plates did actually participate in resisting 
the compressive force. 

less than 6%, and preferably not less than 12%, of the diame
ter of the sidewalls. Subject to the provisions of 5.12.3.2, the 
thickness of the knuckle at all points shall satisfy the require
ments of 5.1 O. Use of a knuckle radius as small as 6'% of the 
sidewall diameter will frequently require an excessively 
heavy thickness for the knuckle region. The thickness 
requirement for such a region will be found more reasonable 
if a larger knuckle radius is used. 

5.12.3.2 The designer should recognize that applying the 
equations in 5.10.2 to levels immediately above and below a 
point where two surfaces of dillering meridional curvature 
have a common meridional tangent (tor example, at the junc
ture between the knuckle region and the spherically dished 
portion of a tori spherical roof) will result in the calculation of 
two latitudinal unit forces, ditlering in magnitude and perhaps 
in sign, at the same point. The exact latitudinal unit force at 
this point will be intem1ediate between the two calculated 
values, depending on the geometry of the tank wall in that 
area; the designer may adjust the immediately adjacent thick
nesses accordingly. 

5.12.4 Compression Rings 

5.12.4.1 The variables used III Equations 24-27 are 
defined as follows: 

Wh = width, in in., of the roof or bottom plate considered 
to participate in resisting the circumferential force 
acting on the compression-ring region, 

We = corresponding width, in in., of the participating 
sidewall plate, 

til thickness, in in., of the roof or bottom plate at and 
near the juncture of the roof or bottom and side
walls, including corrosion allowance, 

tc corresponding thickness, in in., of the cylindrical 
sidewalls at and near the juncture ofthe roof bot
tom and sidewalls, 

R2 length, in in., of the normal to the roof or bottom at 
the juncture between the roof or bottom and the 
sidewalls, measured from the roof or bottom to the 
tank's vertical axis of revolution, 

Rc horizontal radius, in in., of the cylindrical sidewall 
at its juncture with the roof or bottom of the tank, 

1\ = meridional unit force (see 5.1 0) in the roof or bot
tom of the tank at its juncture with the sidewall, in 
lbfhn. of circumferential arc, 

T2 corresponding latitudinal unit torce (see 5.10) in 
the roof or bottom, in lbt/in. of meridian arc, 

T2s circumferential unit force (see 5.10) in the cylindri
cal sidewall ofthe tank at its juncture with the roof 
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or bottom, in lbf/in. measured along an element of 
the cylinder, 

a = angle between the direction of Tl and a vertical 
line. (In a conical surface it is also one-half the total 
vertex angle of the cone.) 

Q total circumferential force, in lb, acting on a verti
cal cross section through the compression-ring 
region, 

Ac net area, in in.2, of the vertical cross section of 
metal required in the compression-ring region, 
exclusive 0 f all corrosion allowances, 

Sts maximum allowable stTess value for simple tension, 
in Ibflin.2, as given in Table 5-1, 

E = efficiency, expressed as a decimal, of meridional 
joints in the compression-ring region in the event 
that Q should have a positive value, indicating ten
sion (see Table 5-2). 

5.12.4.2 If a curved knuckle is not provided, the circumfer
ential compressive forces mentioned in 5.12.2 must be 
resisted by other means in the compression-ring region of the 
tank walls. This region shall be understood to be the zone of 
the tank walls at the juncture between the roof or bottom and 
the sidewalls, including the width of plate on each side of the 
juncture that is considered to participate in resisting these 
forces (see Figure 5-5). In no event shall the thickness of the 
wall plate on either side of the juncture be less than the thick
ness needed to satisfy the requirements of 5.10. The widths of 
plate making up the compression-ring region shall be com
puted using the following equations: 

(24) 

(25) 

5.12.4.3 The magnitude of the total circumferential force 
acting on any vertical cross section through the compression
ring region shall be computed as follows: 

(26) 

The net cross-sectional area provided in the compression
ring region shall be not less than that found to be required by 
one of the following equations: 

Ac = Q115,000 or QIStsE (27) 

The selection of Equation 27 depends on whether the value 
of Q as detem1ined by Equation 26 19 is negative or positive. 

5.12.5 Details of Compression-Ring Regions 

5.12.5.1 If the force Q is negative, indicating compression, 
then the horizontal projection of the e£1ective compression
ring region shall have a width in a radial direction not less 
than 0.015 times the horizontal radius of the tank wall at the 
level of the juncture between the roof or bottom and the side
walls; if the projected width docs not meet this requirement, 
appropriate corrective measures shall be applied as specified 
in this section. 

5.12.5.2 Whenever the magnitude of the circumferential 
force Q determined in accordance with 5.12.4 is such that the 
area required by Equation 27 is not provided in a compres
sion-ring region with plates of the minimum thicknesses 
established by the requirements of 5.10 or when Q is com
pressive and the horizontal projection ofthe width, wh, is less 
than specified in 5.12.5.1, the compression-ring region shall 
be reinforced by (a) thickening the roof or bottom and side
wall plates as required to provide a compression-ring region 
having the necessary cross-sectional area and width as deter
mined on the basis of the thicker plates,20 (b) adding an 
angle, a rectangular bar, or a horizontally disposed ring girder 
at the juncture of the roof or bottom and sidewalls plates, or 
(c) using a combination of these alternatives. This additional 
area shall be arranged so that the centroid of the cross-sec
tional area of the composite comer compression region lies 
ideally in the horizontal plane of the comer forn1ed by the 
two members. In no case shall the centroid be off the plane by 
more than 1.5 times the average thickness of the two mem
bers intersecting at the comer. 

5.12.5.3 Such an angle, bar, or ring girder, ifused, may be 
located either inside or outside the tank (sec Figure 5-6) and 
shall have a cross section with dimensions that satisfy the fol
lowing conditions: 

a. The cross-scctional area makes up the deficiency between 
the area Ac required by Equation 27 and the cross-sectional 
area provided by the compression-ring region in the walls of 
the tank. 

b. The horizontal width of the angle, bar, or ring girder is not 
less than 0.015 times the horizontal radius, Re. of the tank 
wall at the level of the juncture of the roor or bottom and the 

19Because of the discontinuities and other conditions found in a 
compression-ring-region, biaxial-stress design criteria are not con
sidered applicable for a compressive force detennined as in 
Equation 26. Experience has shown that a compressive stress of the 
order of 15,000 Ibf/in.2, as indicated in Equation 27, is pennissible 
in this case, provided the requirements of 5.12.5 are satisfied. 
2DNote that unless the effect of the unit forces T2 and T2.s on the 
resulting increments in width of participating plate may be safely 
neglected, the use of thicker plats involves recomputing not only Th 
and We, but also Q and A Illr the increased plate thickness; hence the 
desibTfl of the compression-ring-region in this case becomes a trial
and-error procedure. 
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Cylindrical sidewall of tank 

Figure 5-5-Compression-Ring Region 
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sidewalls except that when the cross-sectional area to be 
added in an angle or bar is not more than one-half the total 
area required by Equation 27, the foregoing width require
ment for this member may be disregarded if the horizontal 
projection of the width, wh, of the participating roof or bot
tom plates alone is equal to or greater than 0.0 15Rc or, with 
an angle or bar located on the outside ora tank, the sum of the 
projection of the width, WI!, and the horizontal width of the 
added angle or bar is equal to or greater than 0.015Rc. 

c. When bracing must be provided as specified in 5.12.5.8, 
the moment of inertia of the cross section around a horizontal 
axis shall be not less than that required by Equation 28. 

5.12.5.4 When the vertical leg of an angle ring or a vertical 
flange of a ring girder is located on the sidewall ofthe tank, it 
may be built into the sidewall if its thickness is not less than 
that of the adjourning wall plates. If this construction is not 
used, the leg, edge, or flange of the compression ring next to 
the tank shall make good contact with the wall of the tank 
around the entire circumference and shall be attached thereto 
along both the top and bottom edges by continuous fillet 
welds except as provided in 5.12.5.5. These welds shall be 
sufficiently sized to transmit to the compression-ring angle, 
bar, or girder that portion of the total circumferential force, Q, 
which must be carried thereby, assuming in the case of welds 
separated by thc width of a leg or flange of a structural mem
ber as shown in Figure 5-6, details a and h, that only the weld 
nearest the roof or bottom is etlcctive. In no event, however, 
shall the size of any weld along either edge of a compression 
ring be less than the thickness of the thinner of the two parts 
joined or 1/4 in. (whichever is smaller), nor shall the size of 
the comer welds between the shell and a girder bar, such as 
shown in Figure 5-6, details d and e, be less than the applica
ble weld sizes in Table 5-8. The part thicknesses and weld 
sizes in Table 5-8 relate to dimensions in the as-welded con
dition before the deduction of corrosion allowances; with this 

exception, all other part thicknesses and weld sizes referred to 
in this paragraph relate to dimensions after the deduction of 
corrosion allowance. 

5.12.5.5 If a continuous weld is not needed for stTength or 
as a seal against corrosive elements, attachment welds along 
the lower edge of a compression ring on the outside of a tank 
may be intemlittent if (a) the summation of their lengths is 
not less than one-half the circumference of the tank, (b) the 
unattached width of tank wall between the ends of welds does 
not exceed eight times the tank wall thickness exclusive of 
corrosion allowance, and (c) the welds are sized as needed for 
strength (if this is a factor), but in no case are they smaller 
than specified in Table 5-8. 

5.12.5.6 The projecting part ofa compression ring shall be 
placed as close as possible to the juncture between the roof or 
bottom plates and the sidewall plates. 

5.12.5.7 If a compression ring on either the inside or out
side of a tank is shaped in such a way that liquid may be 
trapped, it shall be provided with adequate drain holes uni
fOIDlly distTibuted along its length. Similarly, if a compres
sion ring on the inside of a tank is shaped in such a way that 
gas would be trapped on the underside when the tank is being 
filled with liquid, adequate vent holes shall be provided along 
its length. Where feasible, such drain or vent holes shall be 
not less than 3/4 in. in diameter. 

5.12.5.8 The projecting part of a compression ring without 
an outer vertical flange need not be braced if the width of the 
projecting part in a radical vertical plane does not exceed 16 
times its thickness. With this exception, the horizontal or 
ncar-horizontal part of the compression ring shall be braced at 
intervals around the circunlference of the tank with brackets 
or other suitable members securely attached to both the ring 
and the tank wall to prevent that part of the ring hom buck
ling laterally (vertically) out of its own plane. When bracing 
is required, the moment of inertia of the cross section of the 
angle, bar, or ring girder about a horizontal axis shall be not 
less than that computed by the following equation: 

[= 1.44Qp RJ = (0.oooooo05Fp R} (28) 
I 29, 000, OOOk k 

where 

II = required moment of inertia, in in. to the tourth 
power, for the cross section of a steel21 compres
sion ring with respect to a horizontal axis through 
the centroid of the section (not taking credit for 
any portion ofthe tank wall) except that in the case 
of an angle ring whose vertical leg is attached to or 

21The value for J1 as computed using Equation 28 is not applicable 
for materials other than steel. 
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Detail a Detail b Detail c 
V 

PERMISSIBLE 
(See Note 1) 

~ . .::- L~.l:_~-A 

,\'v~ 

~ 

Detllil e Detail f Detail f-1 

V ~~------------------~==~ 
PERMISSIBLE 

(See 

• ...,If------iNote 2) 

16t (max) ~J.Ji:t:m::t:m:I:I:a:m:I=: 

~1 
~I 
:5 
CJ) 

\ Z Detail h Detail i 
~~------------------------------~vr-----------

(See Note 2) 

PERMISSIBLE WHERE ROOF (OR BOTTOM) 
PLATE THICKNESS IS NOT OVER 'I. INCH 

Detail d ) 

Detailg ) 

-----) 

\... Detail i Detail k Detail I ) 
------------~------~V~--------------~------~ 

NOT PERMISSIBLE 

Notes: 
1. When using the alternate roof position (the roof plate under the cumpression bar as ,huwn in Detail f-I), the 
purchaser should consider the use of caulkjng to ensure the drainage of rainfall in the area of the fillet weld. 
2. Dimension B in Details hand i should not exceed dimension A. 
3. See Table 5-2 for limitatiuns concerning locations where various types of welded joints may be used. 

Figure 5-6-Permissible and Nonpermissible Details of Construction for a Compression-Ring Juncture 

5-23 
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Table 5-8-Minimum Size of Fillet Weld 

Thickness of the Thicker of the 
Two Parts Joined (in.) 

s; 1/4 

> 1/4 _ 3/4 

> 3/4 - [1/4 

> [1/4 

Minimum Size of 
Fillel Weld (in.) 

lorms a part of the tank: wall, the moment of inertia 
of the horizontal leg only shall be considered and 
shall be figured with respect to a horizontal axis 
through the centroid of the leg, 

Qp = that portion of the total circumferential force Q 
(see Equation 26) that is carried by the compres
sion-ring angle, bar, or girder as computed from 
the ratio of the cross-sectional area of the com
pression ring to the total area of the compression 
zone, 

Rc = horizontal radius, in in., of the cylindrical sidewall 
of the tank at its juncture with the roof or bottom, 

k = constant whose value depends on the magnitude of 
the angle e subtended at the central axis of the tank 
by thc space bctwcen adjacent brackets or other 
supports, the value of which shall be detemlined 
from Table 5-9 in which n is the number of brack
ets or other supports evenly spaced around the cir
cumference of the tank. In no case shallS be larger 
than 90 degrees. 

5.13 DESIGN OF INTERNAL AND EXTERNAL 
STRUCTURAL MEMBERS 

5.13.1 General 

The provisions of 5.13.2 through 5.13.5 are limited to a 
discussion of the basic requirements and principles involved. 
For reasons that will appear obvious, specific design fommlas 
cannot be included. 

5.13.2 Basic Requirements 

5.13.2.1 Wherevcr the shape selected for a tank is such that 
the tank, or some portion thereof: would tend to assume ,ill 
appreciably difTerent shape under certain conditions of load
ing or whenever the shape is such that it is not feasible or eco
nomical to design the walls themselves to carry the entire 
loads imposed by all possible combinations of gas and liquid 
loadings that may be encountered in service, suitable internal 
ties, columns, trusses, or other structural members shall be 
provided in the tank to preserve its shape and to carry the 
forces that are not carried directly by the walls of the tank. 

Other structural members may be needed on the outside of a 
tank to support or partly support the wcight of the tank: and its 
contents, and these shall be provided as required. All such 
internal and external members shall be designed in accor
dance with good structural engineering practices, using 
stresses as specified in 5.6. They shall be arranged and dis
tributed in or on the tank: and connected to the walls of the 
tank (in cases where such connections are needed) in such a 
way that reactions will not cause excessive localized or sec
ondary stresses in the walls of the tank:. When these members 
are rigidly attached to the wall of a tank by welding, the 
stresses in the member at the point of attachment shall be lim
ited to the stress value pemlitted in the wall of the tank: (see 
Appendix D). 

5.13.2.2 In no event shall the nominal thickness, including 
the corrosion allowance, if any, of any part of any internal 
framing be less than 0.17 in. 

5.13.2.3 If any structural members (such as girders at node 
circles), tank accessories, or other internals are placed to foml 
gas pockets inside a tank:, adequate and suitably located vent 
holes shall be provided so that these spaces will vent freely 
when the liquid level is raised beyond them. Similarly, if any 
such mcmbers, accessories, or other internals are shaped to 
hold liquid above them when the tank: is being emptied, they 
shall be provided with adequate and suitably located drain 
holes. These vent and drain holes shall be not smaller than 3/4 

in. in diameter and shall be distributed along the member. 

5.13.3 Simple Systems 

In some cases the forces acting on structural members are 
statically determinate; in other cases, they are statically inde
temunate. The external columns that are often used for sup
porting a spherical tank are an example of the statically 
detemunate class of members. l1' the columns are vertical, the 
force acting on each column is simply the combined weight 
of the tank: and its contents divided by the number of col
umns. If the columns are inclined, this quotient must be 
divided by the cosine of the angle each colunm makes with 
the vertical to obtain the force acting in each column. 

To cite another case, where internal framing is needed 
inside a tank only to support the weight of the roof and such 
loads (including external pressure load, if any) as may be 
superimposed upon it, the procedure for designing such fram
ing is more or less straightforward, involving only a few 
assumptions. In other cases, however, whenever the internal 
framing serves to supplement the load-carrying capacity of 
the walls of the tank, the design procedure is more complex. 

5.13.4 Complex Systems 

5.13.4.1 The design rules in this standard do not cover spe
cific requirements for designing the internallraming in all the 
various shapes of tanks that might be constructed, but an out-
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line of the procedure used in the design of internal framing 
for one special shape of tank, as shown in Figure 5-4, panel c, 
should serve to illustrate the general method of attack. In such 
a system of internal framing, the magnitude of the forces in 
the tension members, which tie the ring girders under the roof 
node circles to the respective girders above the bottom node 
circles, are determined by static, assuming for the purpose of 
a preliminary analysis that these tension members are 
replaced by a cylindrical shell if the members arc vertical or 
by a conical frustum ifthe members arc inclined. 

5.13.4.2 Under these assumed conditions, the vertical 
components of the Tl (meridional) unit forces in the roof 
plates at their juncture with the cylinder or frustum are trans
mitted directly to the cylinder or frustum so that an upper ring 
girder is unnecessary in this hypothetical case if (a) the hori
zontal components of the Tl unit forces in the roof or wall 
plates on opposite sides of the juncture balance each other in 
the case of the cylindrical tic or (b) the ditTerence between 
them is balanced by the horizontal components of the unit 
forces in the top of the frustum in the case of the conical tie. 

5.13.4.3 Similarly, at the lower end of the cylinder or frus
tum, the summation of the vertical components of the forces 
must be in balance with the vertical components ofthe forces 
in the cylinder or frustum, and the sunmlation of the horizon

tal components of the forces acting at the juncture must be 
zero. Furthermore, the total vertical force acting along the 
edges of the top of the cylinder or frustum must equal the 
total vertical force acting along the edges of the bottom of the 
cylinder or fruStunl. In other words, the general layout of the 
tank must be such that the upward gas pressure over a prede
temlined portion of the roofis balanced by the downward gas 
pressure over a predetermined portion of the bottom without 
undue clastic stressing or straining. 

5.13.4.4 r f the horizontal forces at the node circles are not 
otherwise in equilibrium, ring girders must be provided at 
these circles. The girders must be designed to carry the unbal
anced components-either in tcnsion or compression, as the 
case maybe. 

5.13.4.5 Having satisfied the condi tions of static equilib
riunl using a hypothetical cylinder or frustum for a tie, the 

designer must consider and provide for the real conditions 
where the cylinder or frustum is approximated by a number 
of unifomlly spaced structural members, each of which, in 
addition to its primary function as a tic, serves also as a col
unm to support its assigned portion of the roof and extemal 
loads. The torsional and vertical moments in the ring girders 
at the node circles must be provided tor, keeping in mind that 
relatively small variations from the nominal Tj (meridional) 
roof forces will b'Teatly reduce, if not completely ofiset, the 
torsional moments in the girders. 

Table 5-9-Factors for Determining Values of k for 
Compression-Ring Bracing (See 5.12.5.8) 

e 
II (degrees) k 

30 12 186.6 

24 15 119.1 

20 18 82.4 

18 20 66.6 

15 24 46.0 

12 30 29.1 

10 36 20.0 

9 40 16.0 

8 45 12.5 

6 60 6.7 

5 72 4.4 

4 90 2.6 

5.13.5 Internal Meridional Stiffeners 

5.13.5.1 When curved meridional trusses or ribs are fas
tened to the sidewalls of a tank to prevent the T j (meridional) 
compressive forces from buckling the sidewalls, the distribu
tion of meridional forces between the sidewalls and trusses or 
ribs is to a degree indetemlinate if the foundation support for 
the overhanging portions of the sidewaLls is so unifomlly dis
tributed around the tank that there is no greater foundation
bearing intensity against the tank wall beneath the trusses or 
ribs. In this case, the total meridional forccs that the sidewalls 
and trusses or ribs must carry, acting togcther, at any given 
level in the tank may be computed from Equation 1 in 5.lO.2.1, 
assuming for the purposes of these computations only that the 
cross-sectional area of the trusses or ribs is distributed uni
formly along the circunltercnce of the sidewalls as an added 
sidewall thickness. In other words, the value of F in Equation I 
may be taken as not including the forces in these trusses or 
ribs, and the hypothetical value of the meridional unit force 
computed using Equation 1 may be regarded as the sun1mation 
of all meridional forces acting on the composite section of 
sidewalls and trusses or ribs at the level under consideration 
divided by the circumference of the tank at that level. 

5.13.5.2 The net cross-sectional area of metal (exclusive of 
corrosion allowance) required per inch of tank circumterence 
to resist these lorces may then be detemuned by dividing the 
hypothetical value of the meridional unit f()rces acting on the 
composite section by allowable compressive stress. This area 
must then be apportioned between the sidewalls and the 
trusses of ribs, by trial-and-error computations, in such a way 
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that (a) su1Jicient material is placed in the trusses or ribs to 
enable them to serve their intended function of preventing 
buckling orthe sidewalls in a vertical direction (the trusses or 
ribs must also be proportioned and distributed around the cir
cumference of the tank so that they will serve this function) 
and (b) sufficient thickness is provided in the sidewalls to 
enable them to withstand not only their share of the meridi
onal unit l()rces but also the entire latitudinal unit force T2 as 
computed by the l()llowing equation: 

In this equation, T[ is the meridional unit force assumed to 
be actually carried by the sidewalls and is obtained by multi
plying the hypothetical value of the meridional unit forces 
acting on the composite section by the ratio of the sidewall 
cross-sectional area to the composite cross-sectional area at 
the level in question. Other variables used in the tore going 
equation are defined in 5.10.1, and the thickness provided to 
resist this lorce 1'2 must satisfY all of the requirements of 
5.10.3 that involve this force. 

5.13.5.3 No such uniloml distribution of forces on the 
composite section of sidewalls and trusses or ribs actually 
occurs. However, the assunlption of uniloml distribution of 
5.13.5.1 and 5.13.5.2 will give sale designs if the principles 
outlined are observed and the eccentricity of loading on the 
trusses or ribs is taken into account. (New designs shall be 
proved by strain-gauge surveys.) 

5.13.5.4 In the case of a tank whose foundations and sup
ports arc designed and arranged so that the weight of the over
hanging portions of the tank and its contents is transferred 
entirely to the trusses or ribs and from there to the founda
tions, the total vertical load on each truss or rib is determinate. 
The stress system in the tank wall is analogous to that in a 
large horizontal pipeline supported entirely on ring girders. In 
the latter case, desit,'ll stresses comparable to those permitted 
in 5.13.5.2 may be used insofar as sidewall thicknesses are 
governed by forces acting in a meridional direction. 

5.14 SHAPES, LOCATIONS,AND MAXIMUM 
SIZES OF WALL OPENINGS 

5.14.1 The teml opening as used in this section, 5.16, 5.17, 
and 5.18 refers to the hole cut in a tank wall to accommodate 
a nozzle, manway, or other connection (rather than just the 
bore of the connection) except when the wall of a connection 
extends through the tank wall and is attached to it with suffi
cient weld within the tank wall thickness to develop the 
strength in tension of that section of the wall of the connec
tion which lies within the tank wall thickness (that is, the 
strength of an area equal to twice the product of the nozzle 
wall thickness and the tank wall thickness) in addition to 
whatever welding is required at this location for reintorce-

ment attachment. [n the latter case, when the wall of a con
nection is attached to the tank wall in this way, opening reters 
to the figure formed by the imaginary line of intersection 
between the inside surface of the connection and the surface 
of the tank wall extended. 

5.14.2 [n all cases, requirements concerning openings shall 
be understood to reter to dimensions that apply to the cor
roded condition. Unless otherwise specified, dimensions of 
openings generally refer to measurements taken along the 
chord of the tank wall curvature if the wall is curved in the 
direction involved; however, when there is more than approxi
mately a 2% difference between the length of chord and the 
length of the arc that is subtends in the tank wall, the measure
ment shall be taken along the arc of the tank wall curvature. 

5.14.3 The rules in this section shall also apply to openings 
in cylindrical shells that are adjacent to a relatively flat bot
tom; as an alternative, the insert plate or reinforcing plate may 
extend to and intersect the bottom-to-shelljoint at approxi
mately 90°. Stress-relieving requirements do not apply to the 
weld to the bottom or annular plate. 

5.14.4 All manholes, nozzle connections, or other connec
tions in the sidewalls, roofs, or bottoms of tanks constructed 
under these rules shall be circular, elliptieal,22 or obround23 

in shape. Where elliptical or obround connections are 
employed, the long dimensions shall not exceed twice the 
short dimension, as measured along the outer surface of the 
tank; if the connection is in an area of unequal meridional and 
latitudinal stresses in the tank wall, the long dimension shall 
preferably coincide with the direction of the greater stress. 

5.14.5 Each opening in the walls of a tank shall be located 
so that the distance between the outer edge of its reinforee
ment24 and any line of significant discontinuity in the curva
ture of the tank walls (such as the juncture between two nodes 
in a noded surlaee, the juncture between a dished or conical 
roof or bottom and cylindrical sidewalls, or the juncture 
between a roof or bottom and cylindrical sidewalls, or the 
juncture between a roof or bottom knuckle and other portions 
of the tank) is not less than 6 in. or (if this be larger) eight 
times the nominal thickness (including corrosion allowance; 
if any) ofthe wall plate containing the opening, except as per
mitted by 5.l4.3. No part of the attachment for any openings 
shall be located closer than the larger of these distances to any 

22An opening made for a pipe or nozzle of circular cross section 
whose axis is not perpendicular to the tank wall shall be treated as an 
elliptical opening for design purposes. 
23 An obround figure is one that is fonned by two parallel sides and 
semi-circular ends. 
24The tenn edge of reinforcement means the edge, or toe, of the out
ennost weld that attaches the reinlorcing pad to the wall of the tank. 
In the case of an opening that is not provided with a reinforcing pad, 
it means the neck of the nozzle or other connection extending irom 
the opening to the tank wall. 
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part of the attachment for any lugs, columns, skirts, or other 
members attached to the tank tor supporting the tank itself or 
for supporting important loads that are carried by the tank. 
When any two a(ljacent openings are reinforeed indepen
dently of eaeh other, they shall be spaced so that the distance 
between the edges of their respective reinforeements will not 
at any point be less than the larger of the foregoing specified 
distances (see 5.17). 

5.14.6 Each opening shall be located so that any attach
ments and reinforcements will be, or may readily be made, 
fully accessible for inspection and repair on both the outside 
and inside of the tank except in the case of connections that 
for compelling reasons must be located on the underside of a 
tank bottom resting directly on the tank foundation. 

5.14.7 Properly reinforced openings may be of any size25 

that can be located on the tank to comply with the require
ments of 5.14.5 and 5.14.6 except that in no event shall the 
inside diameter (after allowing for corrosion) of any open
ing26 other than those considered in 5.18 exceed 1.5 times the 
least radius of curvature in that portion of the tank wall in 
which the opening is located. 

5.14.8 Large openings shall be given special consideration 
(see 5.16.7 and 5.18). In the case oflarge openings which 
have attachments that require shop stress relief (see 5.25.1), 
shipping clearances, am:cting the maximunl size of assembly 
that can be shipped, may control the size of the opening that 
can be used. 

5.15 INSPECTION OPENINGS 

Each tank shall be provided with at least two manhole 
openings to atlord access to its interior for inspection and 
repair. Manholes shall in no event be smaller than 20 in. along 
any inside dimension. All manholes shall be made readily 
accessible by platforms and ladders, stairways, or other suit
able facilities. 

5.16 REINFORCEMENT OF SINGLE OPENINGS 

5.16.1 General 

The requirements of this paragraph are illustrated in Fig
ures 5-7 and 5-8. See 5.21.1.2, 5.21.1.3, 5.21.2.7, and 
5.21.2.8 for provisions concerning reinforcement of openings 
in cover plates for nozzles. 

25 Although no minimum size is prescribed, it is recommended [hat 
no nozzle smaller than 3/4 in. pipe be used on a tank constructed 
according to these rules. 
261n the case of elliptical or obround openings, the dimension of the 
opening in any given direction shall meet this requirement with 
respect to the mdius of curvature 0 r the tank wall in that direction. 

5.16.2 Basic Requirements 

All openings in the walls of tanks constructed according to 
these rules and all openings for branch connections27 from 
nozzle necks welded to the tank wall shall be fully reinforced 
with the exception of the exclusions covered in 5.16.2.1 and 
5.16.2.2. 

5.16.2.1 Single openings in tanks do not require rein/()rce
ment other than that which is inherent in their construction 
for the following conditions: 

a. Three in., or less, pipe size welded connections in tank 
walls 3/8 in. or less. 
b. Two in., or less, pipe size welded connections in tank 
walls over 3/8 in. 
c. Threaded connections in which the hole in the tank wall is 
not greater than 2 in. pipe size. 

5.16.2.2 The reinforcement required for openings in tank 
walls for external pressure conditions need be only 50% of 
that required in 5.16.5 where I has been detemlined for exter
nal pressure conditions. 

5.16.2.3 The requirements for full reinforcement shall not 
be construed as requiring that a special reinforcing pad be 
provided where the necessary reinforcing metal is available in 
the nozzle neck or elsewhere around the opening as permitted 
by these rules. The anlount of reinforcement required, the 
limiting dimensions within which metal may be considered to 
be etIective as reinforcement, and the strength ofthe welding 
required for attaching the reinforcement are defined in 5.16.3. 
Reinforcement shall be provided in the speci fied amount and 
shall be distributed and attached to the wall of the tank in 
such a way that the requirements are satisfied for all paths of 
potential failures through the opening extended in either a 
meridional or latitudinal direction. 

5.16.2.4 The maximum amount of reinforcement will be 
needed in a plane that is perpendicular to the direction of 
principal wall stress passed through the opening at the point 
where the centerline of the connection intersects the wall of 
the tank; for obround openings, that san1e amount must be 
provided along the entire length of the parallel sides of the 
opening between the planes passing through the respective 
centers of the semicircular ends. However, these planes may 
not be the controlling sections with respect to possible failure 
through the opening, inasmuch as failure might occur along 
another path (in the case of a cylindrical wall, parallel to, but 
somewhat removed trom, the aforesaid planes) by a comb ina-

nThe design rules in this section make no mention of openings for 
branch connections from nozzle necks, but the provisions shall be 
understood to apply [0 openings of this type. For this purpose, the 
term tank wall shall refer to the neck of the main nozzle to which the 
branch connection is attached, and the term nozzle wall shall refer to 
the wall of the branch connection. 
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tr = Required thickness of a seamless wall (or solid plate); if the 
opening passes through a welded joint whose direction is 
parallel to the cross section under consideration, tr shall be 
given a value that allows for the difference, if any, between 
the specified efficiency of 100 percent. 

tm = Required thickness of the nozzle neck, allowing for the 
efficiency of longitudinal joints, if any, in the nozzle neck. 

e1 = Excess thickness if the opening is in solid plate. 
82 = Excess thickness if the opening passes through a welded 

joint that has an efficiency of less than 100 percent and 
whose direction is parallel to the cross section under 
consideration. 

e3 = Thickness of the nozzle neck available for reinforcement of 
the opening. 

A1 = Area in excess thickness of the tank wall that is available for 
reinforcement. 

A2 = Area in excess thickness of the nozzle neck that is available 
for reinforcement. 

A3 = Cross-sectional area of welds available for reinforcement. 
A4 = Cross-sectional area of material added as reinforcement. 

Note: Sec 5.16.5.1 and Figure 5-8 for definitions of other variables. 

Figure 5-7-Reinforcement of Single Openings 

lion of a tensile failure of the tank wall and shearing or tensile 
failure of the attachment welds. 

5.16.3 Size and Shape of Area of Reinforcement 

5.16.3.1 The area of reinforcement for a given cross sec
tion of an opening shall be understood to be that area in a 
plane nom1al to the surface of the tank and passing through 
the section under consideration within which available metal 
may be deemed effective for reinforcing the opening. For sur
laces lhat have straight elements, such as cylinders and cones, 
the areas of reinforcement will be rectangular in shape as 
indicated by lines GH, HK, OJ, and JK in Figure 5-7; how
ever, on surfaces that are curved in two directions, the lines 
GH and JK shall follow the contour of the tank surface. 

5.16.3.2 The maximum length of the area of reinforcement 
shall be the greater of the fc)llowing limiting distances on 
each side of the axis of the opening, measured along the out
side surface of the lank: 

a. A distance equal to the diameter of the opening after cor
rosion; in the case of non circular openings, a distance equal 
to the corresponding clear dimension is substituted for the 
diameter of the opening. 

b. A distance equal to the radius of the opening after corro
sion plus the thickness of the nozzle wall plus the thickness of 
the tank wall, all taken in the corroded condition; in the case 
of non circular openings, a distance equal to the correspond
ing half chord is substituted lor the radius of the opening. 

5.16.3.3 The maximum width of the area of reinforcement, 
measured radially as applicable from either the inner or outer 
surface of the tank wall, or both, shall be not more than the 
smaller of the two following distances: 

a. A distance equal to 2.5 times the nominal thickness of the 
tank wall less the corrosion allowance. 

b. A distance equal to 2.5 times the nominal thickness of the 
nozzle wall less its corrosion allowance plus the thickness of 
any additional reinforcement inside or outside the tank wall 
less its corrosion allowance if the reinforcement considered is 
inside the tank. 

5.16.3.4 If the areas of reinforcement computed for two or 
more adjacent openings overlap, the openings shall be rein
forced as provided in 5.17. 

5.16.4 Metal Considered To Have Reinforcing 
Value 

5.16.4.1 Subject to the provisions of 5.16.7, the metal 
within the limits of the area of reinforcement as described 
in 5.16.4.2 and 5.16.4.3 may be considered to act as rein
forcement. 

5.16.4.2 Metal thickness in the tank wall in excess of that 
rcquired by 5.10 lor 100% joint efficiency may be considered 
to act as reinforcement when the entire opening is in solid 
plate or in excess of that required for the applicable design 
joint efficiency when any part ofthe opening passes through a 
joint that lies in approximately the same meridional or latitu
dinal direction28 as the cross section of the opening tor which 
the reinforcement requirements are being computed. In no 
case does this include any metal provided lor corrosion 
allowance. If desired, the wall thickness may be arbitrarily 
increased to make additional amounts of excess thickness 
available tor reinforcement in the tank wall instead of adding 
reinforcement locally in the form of reinforcing pads. 

28If part of an opening passes through a joint whose direction is 
approximately perpendicular to the cross section under consider
ation, the presence of the joint may be ignored in the computations 
for this cross section but must be taken into account in computations 
for reinforcement requirements along cross sections parallel to this 
joint (see 5.16.5). 
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Figure 5-8-Part 1-Acceptable Types of Welded Nozzles and Other Connections 
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Figure 5-8-Part 2-Acceptable Types of Welded Nozzles and Other Connections 
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3" pipe size, max 

'/4" min 

Panel u-3 

Panel VB 

Tangent line not exceed 11ft' fT 
Minimum 3th but need 

tn 

t" 

Single-fillet lap weld for heads convex to pressure 
Panel w 

Figure 5-8-Part 4-Acceptable Types of Welded Nozzles 
and Other Connections 

FIGURE 5-8 NOTES: length of projection of the nozzle wall beyond 
the inside tace of the tank wall.) 

tw = nominal thickness of the tank: wall, in in., 
including corrosion allowance, 

c 

nominal minimum thickness of the nozzle neck, 
in in.in., including corrosion allowance, 

nominal thickness of the reinforcing pad, in in., 
including corrosion allowance if the pad is 
exposed to corrosion, 

corrosion allowance, in in., 

the smaller of3/4 in. or the thickness less the 
corrosion allowance of either ofthe parts joined 
by a fillet weld or groove weld, 

a value not less than the smaller of 1/4 in. or 
O.7/min; the sum 11 + 12 shall not be less than 
1.2Slmin, 

the smaller of 1/4 in. or O.7(tn - c). (Inside cor
ner welds may be further limited by a lesser 

a value not less than O.5tmin' 

(5 a value not less than O.7tmin, 

th nominal head thickness, in in. 

Notes: 

I.The weld dimensions indicated in this figure are predicated on the 
assumption that no corrosion is anticipated on the outside of lhe 
tank. If outside corrosion is expected, the outside weld dimensions 
shall be increased accordingly. 

2. Exposed edges shown as rounded may be finished by Jight grind
ing to at least a 1/8 in. radius or chamfered at 45 degrees to at least a 
5/32 in. width. 

" For 3-in. pipe size and smaller, see exemptions in 5.16.9.2. 

5.16.4.3 All other metal attached to the tank: wall in con
fonnance with 5.16.8 may be considered to act as reinforce
ment, including those portions offusion welds and the nozzle 
wall that remain available tor reinforcement of the opening 
ailer deducting applicable corrosion allowances and allowing 
for the thickness of nozzle wall needed to satisfy minimum 
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thickness and strength requirements for the nozzle wall itself 
(see 5.19). 

5.16.5 Reinforcement Required 

5.16.5.1 The total cross-sectional area of the reinforce
ment provided at any section through an opening and within 
the limits of the area of reinforcement as defined in 5.16.3 
shall be not less than the value computed by the following 
equation: 

where 

d 

c 

Ar = (d + 2c)(t - c)(E') 

area, in square in., to be provided in the rein
forcement of the section under consideration, 

inside clear dimension, in in., across the open
ing at the section under consideration before 
deducting the applicable corrosion allowance 
(see 5.14.1), 

corrosion allowance, in in., for the part under 
consideration, 

thickness, in in., required by 5.10 for the partic
ular area of the tank wall in which the opening 
is located for resisting the unit forces that act in 
a direction perpendicular to the cross section 
under consideration, 

tilctor whose value shall be equal to the effi
ciency, E, of the main joints along the edges of 
the tank wall plate containing the opening that 
are approximately parallel to the cross section 
under consideration where the opening is in 
solid plate or passes only through ajoint that is 
substantially perpendicular to this cross section; 
and whose value shall be 1.00 where any part of 
the opening passes through a joint that is 
approximately parallel to the cross section 
under consideration (for values ofE, see Table 
5-2). The value ofE', when not taken as unity, 
shall be expressed as a decimal. 

5.16.5.2 Consideration must be given to the reinforcement 
requirements for cross sections in both meridional and latitu
dinal directions, particularly on noncircular openings that 
have appreciable differences between their maximum dimen
sions in these two directions (see 5.16.2). 

5.16.5.3 The equation in 5.16.5.1 assumes that all of the 
materials considered as reinforcement will have ultimate ten
sile strengths not less than the ultimate minimum tensile 
strength specified for the material in the tank wall. If some 
portion (such as the nozzle neck, if it is constructed of pipe) 
or all of the reinforcement material does not confoml to this 

assumption, additional reinforcement shall be provided to 
fully compensate for the lower ultimate tensile strength; in no 
case shall any credit be taken for the additional strength of 
any material of a tensile strength higher than that of the tank 
wall to be reinforced. 

5.16.6 Distribution of Reinforcement 

ReinJorcement shall be distributed so that the strength of 
the reinforcement in each and every plane that constitutes a 
path of potential tailure, as mentioned in 5.16.2, will be at 
least equal to the total load perpendicular to the sanle plane 
that would have been carried by the metal removed from the 
net wall thickness needed lor that region of the tank if the 
metal had remai ned in the tank wall. The strength of the rei n
lorcement is computed by multiplying the cross-sectional 
area of the reinforcing material provided within the area of 
reintorcement in that plane by the maximum allowable unit 
stress value for the reinforcement material (this value shall 
not exceed the allowable unit stress for the tank wall). In 
addition, the reinlorcement shall preferably be shaped in sec
tion and welded to the tank wall in such a way that stress 
intensifications in the tank wall at the edges of the reinforce
ment will be kept as low as feasible. 

5.16.7 Distribution of Reinforcement for Large 
Openings 

5.16.7.1 The rules previously given for the reinforcement 
of openings are primarily intended for openings not larger 
than the following sizes: 

a. For surfaces that have a radius of curvature of 30 in. or 
less, the inside diameter (width or length) of the openings 
shall not exceed the radius of curvature of the surface in 
which the opening is located, nor shall it exceed 20 in. in any 
case. 

b. For surfaces whose least radius of curvature is over 30 in., 
the inside dianleter (width or length) of the openings shall not 
exceed 2/3 the least radius of curvature of the surface in which 
the opening is located, nor shall it exceed 40 in. in any case. 

5.16.7.2 Openings larger than those just described, but still 
within the limits specified in 5.14.7, shall be given special 
consideration; except as otherwise provided in 5.18, the rein
forcement shall meet all of the requirements previously given. 
[n addition, special attention shall be given to placing the 
m~ior portion of the reinforcement as close as practicable to 
the edge of the opening while still providing a reasonably 
I:,rradual transition in contour from the thickness of the tank 
wall to the maximum thickncss of the reinforccment. Wher
ever practicable, about 2/3 of the required reinlorcement shall 
be placed within a distance extending 1/4 of the dimension d 
(as defmed in 5.16.5) on each side ofthc opening. 
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5.16.7.3 Fillet welds may be ground to concave contour, 
and the inside corners of the tank wall or nozzle neck along 
the edges of the opening shall be rounded to a generous 
radius to reduce stress concentrations. Reinforcement may 
sometimes be more advantageously obtained by inserting a 
thicker plate or plates in that portion of the wall of the tank 
where the nozzle is located. However, when this is clone, con
sideration shall be given to whether it would introduce an 
objectionable degree of restraint that might afTect adjoining 
plates. The degree to which these and other measures should 
be used will depend on the particular application and the 
severity ofthe intended service. In extreme cases, appropriate 
proof testing may be advisable. 

5.16.8 Strength Required In Welds 

5.16.8.1 The reinforcement shall be attached using a 
method that develops the full strength required of the rein
forcement at the centerline or the opening and provides ade
quate protection against failure that might occur in a plane 
(referred to herein as the critical plane) that is somewhat 
removed iTom the center of the opening as a result of tensile 
failure of the tank wall in combination with shearing or ten
sile failure of the reinforcement attachment (see 5.16.2.4). To 
this end, the welds and other parts of the assembly that serve 
as reinlorcement attachment shall be properly located to 
transmit the stresses to the reinforcement, taking credit for 
only those portions of the attachment that lie beyond the criti
cal plane-i.e., on the side of the plane opposite the center of 
the opening. Similarly, the strength of the attachment 
between any two parts of attached reinforcement beyond the 
critical plane shall be at least equal to the strength required in 
tension of the attached part or parts (see F.5 for examples 
illustrating the computation of reinforcement). 

Note: Allhough the location of the critical plane may be detennined 
analytically in most cases, it is not essential that it be detennined 
analytically 1,)[ the purposes of this section; the intent of the require
ments in this section will be satisfied if (a) the critical plane is 
assumed to be located as specified in item 1 or 2 of this note and (b) 
sufficient welding and other attachments are provided beyond the 
plane (that is, on the side of the plane opposite the center of the 
opening) to devclop the strength of the attached reinforcement 
required at the centerline of the opening. Attachment welds shall be 
made continuous around the entire periphery of the opening and 
reinforcement without any material reduction in size along the por
tions not credited as clTective attachment in the computation. The 
critical plane locations to be assumed according to item a ofthis note 
shall be established from a consideration of the relative magnitude 
of the coincident biaxial stresses in the tank wall and the shape of the 
opening as follows: 

I. For an opening in a spherical surface or in a surface of 
some other shape whcre neither of the principal biaxial 
stresses is less than 75'% of the other, the critical plane shall 
be one that is perpendicular to the direction of the tank wall 
strcss for which the reinforcement is being investigated; for a 
rollnd or elliptical opening, the critical plane shall pass 

through the center of the opening; for an obround opening, it 
shall pass through the center of one of the semicircu lar ends if 
a transverse section of the opening is being analyzed or coin
cides with the lengthwise centerline of the opcning if a sec
tion in this direction is being analyzed. 

2. For an opening in a cylindrical or conical suIiace or in a 
suIiace of some other shape where one of the principal biax
ial stresses is less than 75% of the other, the critical plane 
shall be one that is parallel to the plane described in item 1 for 
the shape of opening involved but is located hal:lway between 
that plane and the edge of the opening (see Appendix F). 

5.16.8.2 The strength of welds that attach the reinforce
ment shall be the strength in shear or tension depending on 
the possible mode of failure ofthe weld. When either shear or 
tension stress may be considered, the computations resulting 
in the lesser strength shall govern. Plug welds, wherever 
applicable, may be included in the strength ofthe attachment 
welding in confom1ance with 5.24. The thickness of the noz
zle wall alter corrosion may be included in the shear stTength 
of the reinforcement attachment when the nozzle extends 
through the tank wall and is attached to it with a weld within 
the tank wall thickness that is sufficient to develop its strength 
in shear, which may not require full penetration through the 
tank wall. Some of the attachment welding may be placed 
outside the limits of the area of reinforcement as defined in 
5.16.3; although it is not credited as reinforcement, this weld
ing may nevertheless be counted as attachment welding if it 
qualifies in other respects. Lengths of curved fillet welds shall 
be detemuned on the basis of their inner dimensions. 

5.16.8.3 In addition to complying with the rules lor attach
ment welding given in this standard, the following require
ments shall be met: 

a. The joint efficiencies of butt-welds shall be in accordance 
with 5.23 except that no credit shall be taken for radiograph
ing unless the attachment welding itself can be and is 
properly radiographed. The strength of butt-welds shall be 
computed on the area in shear, wherever applicable, or the 
area in tension using the following stress values multiplied by 
the joint efficiency: 

1. When the load is perpendicular to the weld, the appli
cable tension or shear stress values lor plate or t()rged 
steel given in Table 5-1 or specified in 5.5.5. 
2. When the load is parallel to the weld, 75% of the appli
cable tension or shear stress values for plates or forged 
steel given in Table 5-1 or specified in 5.5.5. 
3. For combined perpendicular and parallel loadings 
around the openings, 87.5% of the applicable tension or 
shear stress values lor plate or forged steel given in Table 
5-1 or specified in 5.5.5. 

b. The strength of fillet welds shall be computed by multiply
ing the area of the minimum section through the throat of the 
weld by the applicable allowable stress value detem1ined by 
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combining the following factors: 80% for shear strength of 
weld metal; an efficiency factor of approximately 85%; and a 
load factor of 100% for perpendicular loading, 75% for paral
lei loading, or 87.5% for combined perpendicular and parallel 
loading: 

1. When the load is perpendicular to the weld, 70% of the 
applicable tension stress value for plate or torged steel 
gi ven in Table 5-l. 
2. When the load is parallel to the weld, 50% of the appli
cable tension stress value [or plate or forged steel given in 
Table 5-1. 
3. For combined perpendicular and parallel loadings 
around openings, 601% of the applicable tension stress 
value for plate or forged steel given in Table 5-1. 

5.16.9 Minimum Dimensions of Attachment Welds 

5.16.9.1 Supplementing the requirements of 5.16.8, the 
dimensions of reinforcement attachment welds shall comply 
with the following: 

a. Where the thickness of the thinner of two parts being 
joined is 3/4 in. or less, exclusive of corrosion allowance, the 
dimensions of the welds shall be not less than the require
ments indicated in Figure 5-8. 
b. Where the thickness of both parts is greater than 3/4 in., 
exclusive of corrosion allowance, the dimensions of the welds 
shall be not less than the requirements indicated in Figure 5-8 
using a value 01'3/4 in. for lmin. 

5.16.9.2 Fittings shown in Figure 5-8, Panels s-2, t-2, u-2, 
and v, that do not exceed 3 in. pipe size may be attached by 
welds that are exempt from size requirements other than those 
required by 5.16.8. 

5.16.9.3 For fittings attached as shown in Figure 5-8, panel 
u-3, the depth of the groove weld, Is, shall be not less than the 
thickness of Schedule 160 pipe (see ASME B36.1 OM). 

5.16.10 Telltale Holes In Reinforcing Plates 

Except for nozzles located on the underside of a tank bot
tom that rests directly on the tank grade29 and nozzles with 
reinforcements that are too narrow to permit compliance with 
the following provisions, single-thickness reinlorcing plates 
and saddle flanges or integral reinforcing pads on manholes 
or nozzles attached to the outside of a tank shall be provided 
with at least one telltale hole with a maxinlunl actual diame
ter of 3/8 in. that shall be tapped for a prelinlinary com
pressed-air and solution-film test for soundness of attachment 
welds around the manhole or nozzle and its reinforcement 
both inside and outside the tank. These telltale holes shall be 

29Even in this case, telltale holes should be provided and attachment 
welds should be tested before the bottom plates are placed un posi
tion on the tank grade. 

left open when the tank is in service. The surface of the rein
f()fcing plate, saddle flange, or pad adjacent to the tank wall 
shall be relieved slightly by b'Tinding to be reasonably certain 
that the test pressure will extend entirely around the nozzle 
even though the rcinforcement may be drawn tightly against 
the tank wall by the welding. 

5.17 REINFORCEMENT OF MULTIPLE OPENINGS 

5.17.1 When either of the loll owing conditions occurs for 
two or more adjacent openings, the opening shall be provided 
with a combined reinforcement whose strength shall equal 
the combined strength of the reinforcement that would be 
required by 5.16 for the separate openings: 

a. The distance between the centers of any two adjacent 
openings is less than two tinles their average dianleter so that 
their required areas of reinforcement overlap. 

b. Any two adjacent openings are spaced so that if they are 
reinforced separately, the distance between the outer edges, or 
toes, of their reinforcing plate fillet welds (see Footnote 22) or 
insert welds is (1) less than 6 in. at any point, or if this be 
larger, (2) eight times the nominal thickness of the fillet weld 
around the thicker reinforcing plate or eight times the nominal 
thickness of the insert butt-weld3o lor an insert-type connec
tion. In no case shall any portion of a cross section be 
considered to apply to more than one opening, that is, to be 
evaluated more than once in a combined area. Curved sec
tions that fonl1 the outer boundary of a combined 
reinforcement shall be connected by straight lines, large
radius reverse curves tangent to thc curved sections, or a com
bination of these two elements; in no case shall there be any 
re-entrant angles therein. 

5.17.2 When two or more adjacent openings will be pro
vided with a combined reiillorcement, the minimum distance 
between the centers of any two of these openings shall prefer
ably be at least 1.5 times their average diameter, and the area 
of reinforcement between them shall be at least equal to 50% 
of the total required tor these two openings on the cross sec
tion being considered. 

5.17.3 When two adjaccnt openings, as considered under 
5.17.2, have a distance between centers less than 11/3 tinles 
their average diameter, no credit for reinlorcement shall be 
given tor any of the metal hetween these two openings. 

5.17.4 Any number of closely spaced acUacent openings, in 
any arrangement, may be reiniorced for an assumed openi ng 
of a diameter enelosing all such openings. 

30Where the periphery weld has been stress-relieved before the 
welding of the adjacent shell joint, the spacing may be reduced to 6 
in. from the longitudinal or meridional joints or 3 in. from circum
l'erential or latitudinal joints provided that in either case the spacing 
is not less than 21/2 times the shell thickness. 



5-36 API STANDARD 620 

5.18 DESIGN OF LARGE, CENTRALLY LOCATED, 
CIRCULAR OPENINGS IN ROOFS AND 
BOTTOMS 

5.18.1 General 

Large openings and reducers of the types illustrated in 
Figure 5-9, which are centrally located in the roof or bottom 
of a tank with the axis ofthe connected cylindrical neck coin
cident with the axis of revolution of the tank, are not limited 
as to size and need not be reint()rced in accordance with 5.16 
if the design of the neck extending from the opening or 
reducer, the regions of the roof or bottom around the opening, 
and the transition section between the roof or bottom and the 
neck meet all applicable requirement of 5.10 and the addi
tional requirements specified in this section. In the case of 
reducers, the design of the region where the large end meets 
cylindrical sidewalls shall contoml to the requirements of 
5.12. A design procedure similar to that specifled in 5.12 shall 
also be used tor the region around the large end of a conical 
transition section that connects to the horizontally disposed 
surClces of a roof or bottom instead of to the sidewalls. 

5.18.2 Nomenclature 

Variables used in Equations 29~32 are defined as follows: 

Q = total circumferential force, in lb, acting on a 
vertical cross section through the juncture 
between the root: bottom, or transition section 
and the neck extending from the opening at one 
side of the opening, 

net area, in in2 , of the vertical cross section of 
metal required to resist Q, exclusive of all cor
rosion allowances, 

length, in in., of the normal to the root: bottom, 
or transition section at its juncture with the neck 
extending from the opening, measured ii-om the 
surface of the roof: bottom, or transition section 
to the tank's vertical axis of revolution, 

horizontal radius, in in., of the cylindrical neck 
extending from the opening at the juncture with 
the roof: bottom, or transition section, 

T[ meridional unit ()rce (see 5.10) in the roof, bot
tom, or transition section at its juncture with the 
cylindrical neck, in lbf/in. of circumferential 
arc, 

T2 corresponding latitudinal unit force (see 5.10) 
in the root: bottom, or transition section, in 
lbf/in. of meridional arc (if the roof or bottom 
is of double curvature) or per linear in. along 

T2n 

a 

E 

an clement of the cone (if the surface is that of 
a conical frustum), 

circumferential unit force (see 5.10) in the 
cylindrical neck at its juncture with the roof: 
bottom, or tTansition section, in lbf/in. mea
sured along an element of the neck, 

angle between the direction ofTl and a vertical 
line (in a conical surface it is also one-half the 
vertex angle ofthe cone), 

maximum allowable stTess value for simple ten
sion, in Ibfiin.2 , as given in Table 5-1, 

eiIiciency, expressed as a decimal, of the least 
efficient joint cutting across the section consid
ered (see Table 5-2), 

width, in in., of the roof, bottom, or transition 
section plate considered to participate in resist
ing the circunlferential force Q, 

corresponding width, in in., ofthe participating 
neck plate, 

thickness, in in., ofthe roof: bottom, or transi
tion section plate at and near its juncture with 
the neck extending from the opening, including 
corrosion allowance, 

corresponding thickness, in in., of the cylindrical 
neck at and near the juncture described for tho 

.....jl~=-- R" ----I ~ 
l'l 

See 5.18.3 for -----t4--:;..-A::--"-------I '0 
design of these Q) 

mg~ns 5 
a3 c 
Q) 

u 

Panel a 

Panelb Panel c 

Figure 5-9-Large Head Openings and Conical Shell
Reducer Sections 
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5.18.3 Knuckle Radius 

5.18.3.1 A knuckle radius used for the juncture between 
the roof: bottom, or transition section and the neck extending 
from the opening shall be not less than 6% 0 f the diameter of 
the opening, and the thicknesses required at this location shall 
be computed in accordance with 5.10. The use of a knuckle 
radius as small as 6% of the sidewall diameter will frequently 
require an excessively heavy thickness for the knuckle region. 
The thickness requirements for this region will be found more 
reasonable if a larger knuckle radius is used. 

5.18.3.2 When a knuckle radius is not used at this location, 
the stTess situation at the juncture is the reverse oftha! found 
at the juncture (without a knuckle) between a conical or 
dished roof and the sidewalls of a cylindrical tank because in 
this case the horizontal componcnts of the 7\ meridional unit 
torces in the root: bottom, or transition section pull outward 
on the neck extending from the opening and increase the cir
cun1terential tensile stresses acting at the juncture. In this 
case, the walls of the tank and neck of the opening at and near 
their juncture must be designed to withstand a total cireun1-
ferential load, Q, on each side of the opening, as computed 
using the following formula: 

5.18.4 Cross-Sectional Area 

The total cross-sectional area of metal required to rcsist the 
circumferential force is shown by the following equation: 

(30) 

The widths of plate available for providing this area and 
resisting the force Q on each side of the opening shall be 
computed using the following formulas: 

(31 ) 

w" = 0.6JR"(t,, - c) (32) 

5.19 NOZZLE NECKS ANDTHEIR ATTACHMENTS 
TO THE TANK 

5.19.1 General 

5.19.1.1 Nozzles to be used for pipe connections, hand
holes, or manholes may be constructed of pipe, pipe cou
plings, forged steel, cast steel, fabricated plate, or other 
suitable material confom1ing to the provisions of 4.1,4.2.2, 
4.3,or4.5. 

5.19.1.2 Nozzles may be intcgral with the tank wall or the 
wall of another nozzle or with a nozzle cover plate; or, subject 

to the limitations stated in these rules, nozzles may be 
attached directly to the wall of the tank or another nozzle or 
nozzle cover plate by threading, fusion welding, bearing 
against the inside of the wall, studding, or bolting. 

5.19.1.3 Openings for all nozzles in the wall of the tank or 
another nozzle shall be reinforced as required by 5.16 or 5.17. 
Openings in nozzle cover plates need only be reinforced to 
the extent required by 5.21.1.2, 5.21.1.3, 5.21.2.7, and 
5.21.2.8. 

5.19.1.4 Nozzles may be attached to a tank by any of the 
methods shown in Figure 5-8 or by other methods that con
fom1 to sound design principles if the nozzle and its attach
ment in each case meet the requirements of 5.16. 

5.19.2 Minimum Thickness of Nozzle Neck 

The thickness of a nozzle neck shall be computed ror the 
applicable loadings in 5.4, using allowable stresses as speci
fied in 5.5, and to this thickness shall be added the corrosion 
allowance. The minimum thickness of nozzle neck to be used 
shall be at least equal to the required thickness so obtained; in 
no case shall the net thickness of the nozzle neck, excluding 
corrosion allowance, be less than the smaller of the following 
thicknesses: 

a. The net thickness, excluding corrosion allowance, of the 
tank wall adjacent to the nozzle, disregarding any added 
thickness that serves as reinforcement ror the opening. 
b. The thickness of standard-weight pipe (see ASME 
B36.10M). 

5.19.3 Outer Ends of Nozzles 

5.19.3.1 The outer ends of nozzles may be flanged, bev
eled for welding, or threaded except that threaded ends shall 
not be used unless they arc permitted by and meet the require
ments of 5.20.4. 

5.19.3.2 When a bolting flange is welded to the nozzle 
neck for its entire thickness, the corner tormed by the back 
of the flange and the nozzle wall shall be provided with a 
fillet weld. The fillet weld size shall be at least 0.25 times 
the thickness of the nozzle wall, not including corrosion 
allowance, except that for relatively thick nozzle walls, the 
fillet weld shall be not less than 0.25 times the thickness of 
standard-weight or extra-strong pipe, whichever is nearest 
to and less than the nozzle wall thickness. This fillet may 
be machined to a radius of the same size, but in no case 
shall it be less than 3!t6 in. 

5.19.3.3 When a bolting flange is welded to the nozzle 
neck, but not for its entire thickness, it shall be desib'lled and 
attached in accordance with 5.20 in this standard and the pro
visions of Figure 4-4, Appendix 2, in Section VIII of the 
ASMECode. 
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5.20 BOLTED FLANGED CONNECTIONS 

5.20.1 Bolted flanged connections confomling to ASME 
B 16.5, Class 150, shall be used for connections to external 
piping and may be used for other flanged connections. Such 
flanges may be built up by fusion welding if the manufacturer 
satisfies the inspector, by direct or comparative calculation, 
that the welded flanges are equivalent in strength to the one
piece flanges that they are intended to replace. 

5.20.2 Bolted flanges for external piping connections other 
than those meeting the requirements of 5.20.1 shall be 
designed tor a pressure of at least 50 Ibt/in.2 gauge in accor
dance with the applicable provisions of Section VlII, Appen
dix 2, of the ASME Code, using for values of Sf and SII the 
applicable allowable design stress values given in Table 5-1 
of this standard (instead of the allowable design stress values 
specifled in Section VIII of the ASME Code) and limiting the 
values lor S'I> S" and Sf as follows: 

Sh = longitudinal hub stress, not greater than 1.5St; 
except that for flanges of the types illustrated in 
Figures 4-4 (7), (8), (8a), (8b), and (9) in Sec
tion VIII, Appendix 2, of the ASME Code, Sh 
shall not exceed the smaller of 1.5S/or l.5Sm 

Sr radial flange stress, not greater than Sf, 

S, tangential flange stress, not greater Sf 

Also, (Sh + Sr)/2 shall not be greater than Sf and (Sh + s,)/2 
shall not be greater than Sf Design stress values tor bolts shall 
not exceed the applicable values given in Table 5-1 in these 
rules, based on the area at the root of the thread. 

5.20.3 Bolted flange connections, other than external pip
ing connections, shall confoml to ASME B16.5, Class 150 or 
shall be desib'Tled in accordance with the requirements of 
5.20.2 except that they shall be designed for a pressure of at 
least 15 Ibtlin.2 gauge or the total pressure, P, on the wall of 
the tank and the level of the connection, whichever is greater. 

5.20.4 l-r ubbed flanges may be welded to the ends of noz
zle necks by any of the methods pennitted for circumlerential 
joints in the walls of the tank; the attachment shall confoml to 
the requirement lor circumferential joints of the type 
employed. 

5.20.5 Flanges that do not exceed 12-in. pipe size tor 
working pressures up to 50 Ibflin.2 gauge or 4 in. pipe size for 
working pressures above 50 Ibflin.2 gauge may be screwed to 
the end of a nozzle neck if the number of fUll threads engaged 
confomls to or exceeds the requirements of AS ME B l.20.1. 

5.20.6 Bolts and studs shall be at least 1/2 in. in diameter. If 
smaller bolts are used, they shall be of alloy steel. 

5.21 COVER PLATES 

5.21.1 Flat Cover Plates and Blind Flanges 

5.21.1.1 The thickness of flat, unstayed cover plates and 
blind flanges shall be detemlined by one of the following 
methods, but shall not be less than 1/2 in. plus corrosion 
allowance. 

a. Blind flanges that confonn to ASME B16.5 and are of the 
appropriate pressure-temperature ratings and diameters given 
in the standard, or their equivalent, shall be used when 
attached by bolting as shown in Figure 5-10, Panels band c. 
b. For sizes and designs not covered by ASME 816.5, the 
required thickness of flat steel cover plates or blind flanges 
shall be computed by the following fonnula using the appro
priate value for C: 

where 

Ifp p -- s(t - C)2 
t = d -s +c or 

Cd2 
(33) 

t = minimunl required thickness, in in., 

d = dianleter, in in., measured as indicated in Figure 
5-10, 

C = 0.25 for plates rigi(liy riveted or bolted to 
flanges as shown in Figure 5-10, panel a (this 
applies in these rules to any kind of gasket 
material), 

0.30 for plates inserted into the ends of nozzles 
and held in place by some suitable positive 
mechanical locking arrangement such as those 
shown in Figure 5-10, panel d, e, or fifthe 
design of all holding parts against failure by 
shear, tension, or compression resulting irom 
the end force produced by the pressure is based 
on a factor of safety of at least tour and that 
threaded joints, if any, in the nozzle wall are at 
least as strong as they are tor standard pipe of 
the same diameter, 

0.30 + (1.40 WhGIHG) for plates bolted to 
flanges in such a manner that the setting of the 
bolts tcnds to dish the plate, where the pres
sure is on the same side of the plate as the 
bolting flange, as shown in Figure 5-10, Panels 
band c, 

W = flange design bolt load, in lb [see Paragraph 
2.5.(e) in Section VIII, Appendix 2, of the 
ASME Code], 
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he 

H 

o 

p 

s 

c 

radial distance from the bolt-circle diameter to 

diameter 0, in in., 

total hydrostatic end force, in Ibs, as defined in 
Section VIII, Appendix 2, Paragraph 2.3, of the 
ASMECode, 

diameter, in in., at the location of the gasket 

load reaction, as defined in Section VIII, 
Appendix 2, Paragraph 2.3, of the ASME 
Code, 

design pressure, in Ibtlin2 gauge (this shall be 

at least equal to the total pressure P on the wall 
of the tank at the level where the cover plate is 
located or shall be 15 lbtlin.2 gauge, whichever 
is greater), 

maximum allowable stress value, Sts, in Ibf/in. 2, 
as given in Table 5-1, 

corrosion allowance, in in. 

tfj
----d ----.f 

.~ 

"Lr 
C = 0.25 

Panel a 

c = a.30r 1.40Whc 
HG 

Panelc 

~. Sectional 

~~ ~ng 
C = 0.30 

Panel e 

C = U.30 I 1.40Whc; 
HG 

Panel b 

Threaded '-DIl--t-ring d 
;- t 
I . 

C = 0.30 

Panel d 

C = 0.30 

Panel f 

Note: The illustrations above are diagrammatic only. Other designs, which 
meet the requirements of 5.21, will be acceptable. 

Figure 5-1 O----Acceptable Types of Flat Heads 
and Covers 

5.21.1.2 Unreinforced openings up to and including 2-in. 
pipe size are permissible in flat cover plates without increas
ing the plate thickness irthe edges of these openings are not 
closer to the center of the plate than one-fourth the diameter 
d in Figure 5-10. When this condition is not met, the plate 
thickness shall be increased by 40% of the thickness 
required in a solid plate after the loss of corrosion metal. 
The solid-plate thickness shall be determined by deducting 
the corrosion allowance from the thickness computed using 
Equation 33. 

5.21.1.3 Openings that do not exceed 50% of dimension d 
shown in Figure 5-10 may be made in flat cover plates if these 
openings are reinforced in accordance with 5.16 as though the 
cover plates were dished to the foml or a spherical segment 
having a radius equal to diameter d. However, the reinforce
ment added to the cover plate shall compensate [(X not less 
than 50% of the cross section of the metal removed for the 
opening in the cover plate. When the maximum diameter of 
the opening in the flat cover plate exceeds 50% of dimension 
d shown in Figure 5-10, the cover plate shall be designed as a 
flange in accordance with the rules lor bolted flanges given in 
5.20 of this standard and in Section VlII, Appendix 2, of the 
ASMECode. 

5.21.2 Spherically Dished Cover Plates 

5.21.2.1 The variables used in the fommlas in this section 
and Figure 5-11 are defined as lo11ows: 

t = minimum required thickness of the cover plate 
after tOIDling, including corrosion allowance, 
in in., 

t;' = flange thickness, including corrosion allowance, 
in in., 

A 

B 

C 

D 

L 

r 

P 

s 

outside diameter of flange, in in., 

inside diameter 01' flange, in in., 

bolt-circle diameter, in in., 

inside diameter of cover-plate skirt, in in., 

inside spherical or crown radius, in in., 

inside knuckle (torus) radius, in in., 

design pressure, in lbt/in.2 gauge (shall be at least 
equal to the total pressure P on the wall of the tank 
at the level whcre the cover plate is located or 15 
Ibf/in.2 gauge, whichever is greater), 

maximum allowable stress value, Sis, in Ibti'in.2, as 
given in Table 5-1, 

total moment detemlined as tor loose-type flanges 
(see Section VIII, Appendix 2, Paragraph 2.6, of 
the ASME Code) except that, for cover plates of 
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the type shown in Figure 5-lO, panel d, a moment 
H,hr shall be included (that may add or subtract), 

radial component of the membrane load in the 
spherical segment = HD cot ~1' 

hr = level aml of force Hr around the centroid of the 
flange ring, in Ib. 

5.21.2.2 The radius of dish, L, in tori spherical heads shall 
not exceed the outside diameter of the head skirt, and the 
knuckle radius, r, shall be not less than 6% of the outside 
diameter (see Figure 5-11, panel a). 

5.21.2.3 In ellipsoidal heads, the inside depth of the head 
minus the width of the skirt shall be not less than 1/4 the 
inside dianleter of the head skirt (see Figure 5-11, panel a). 

5.21.2.4 Cover-plate heads of hemispherical shape need 
not have an integral skirt, but where a skirt is provided, the 
juncture between the skirt and the spherically dished portion 
ofthe head shall not project more than 1/2 in. beyond the weld 
between the head and the back face of the cover-plate flange 
unless the thickness of the skirt is at least equal to the thick
ness required for a seanlless cylindrical shell of the same 
diameter. 

5.21.2.5 The thickness of circular dished cover plates with 
bolting flanges, concave to the pressure and coniomling to 
the several types illustrated in Figure 5-11, shall be designed 
in accordance with the following requirements, but shall not 
be less than 1/2 in. plus corrosion allowance. 

a. For cover plates of the types shown in Figure 5-11, panel 
a, the thickness of the plate, t, shall be determined by the fol
lowing application equation: 

For tori spherical heads, 

t = (0.885PL/s) + c (34) 

For 2: 1 ellipsoidal heads, 

{= (PDI2s) + c (35) 

For hemispherical heads, 

(= (PDI4s) + c (36) 

The cover plate flange thickness and bolting for these 
types of cover plates shall comply at least with the applicable 
requirements of Section Vlll, Appendix 2, Figure 4-4, of the 
ASME Code and shall be designed in accordance with the 

provisions of 5.20.2. 

b. For cover plates of the type shown in Figure 5-11, panel c, 
the thickness of the plate and flanges shall be detemllned by 

the following applicable equation: 

For the thickness of the cover plate, 

t = (5PLI6s) + c 

For the flange thickness using a ring gasket, 

Mo[ A +B ] 
s B(A-B) 

For the flange thickness using a full-face gasket, 

t = 06 !!.[B(A + B)( C - B)] 
f . s A-B 

(37) 

(38) 

(39) 

(The radial components of the membrane load in the spher
ical segment are assumed to be resisted by the flange.) 

c. For cover plates of the type shown in Figure 5-11, panel b, 
the plate thickness for a ring gasket is determined using the 
following equation: 

Q[1 1 7.5Mo] 
t =) + + PQBL + c (40) 

The plate thickness for a full-face gasket is determined 
using the following equation: 

(41) 

where 

In no case shall the plate thickness be less than the value 
detemllned using the following equation: 

1= (5PL/6s) + c 

d. For cover plates of the type shown in Figure 5-11, panel d, 
the thickness of the cover plate is detemlined using the fol
lowing equation: 

t = (5PL/6s) + c (42) 

(The factor 5/6 in this case includes an allowance ofE = 0.8 
at the circumferential weld.) 
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Edge of weld 
shall not overlap 
knuckle _-::::::::::;== 

LOOSE-FLANGE TYPE 

Not less than 2t 
and In no case 
less than '/2" , 

, 

'\,.%-++--.... -

INTEGRAL-FLANGE TYPE 

Panel a (See Note 1) 

'hA 

'he 

t~ 
Ring : ~.::......-;" '-------">...,------H 
gasket' O.7t minimum ~. 
shown ~. 

Panel c 

Note~: 

t. 

Use any 
suitable 
type of 
gasket 

Panel b 

Poinlof 
HD action 
1 

L 

\ 
Shown as 
welded; 
smooth weld 

'128 both sides 

1/:c.C 

Panel d 

I. Ellipsoidal or hemispherical heads may also be used in the above type of cover plate. 
2. In no case shall the radius of dish, L. be greater than the illside of the cover-plate bolting flange (Dimension B). 

Figure 5-11-Spherically Dished Steel Plate Covers with Bolting Flanges 

The tlange thickness is detem1ined using the (ollowing 
equation: 

where 

tf = 1''[1+ J1+ ;2J+C 

F = PSJ4L2 _82 

8/A -13) 

J = (Mo)[(A + B)] 
sB (A-B) 

(43) 

Note: Inasmuch as H,.hr may add to or subtract Irom the total 
moment determined as lor loose-type flanges, the moment in the 
flange ring when the internal pressure is zero may be the critical 
loading for the flange design (see 5.20.2). 

5.21.2.6 The thicknesses of circular dished cover plates 
with bolting flanges, convex to the pressure and confom1ing 

to the several types illustrated in Figure 5-11, shall be 
designed in accordance with the requirements of 5.21.2.5 
except that the pressure, P, used for computing the thickness 
of the cover plate, t, shall be not less than 1.67 P v' where P v is 
defi.ned as follows: 

Pv = maximum unbalanced pressure, in Ibti'in.2, on the 
convex side ofthe plate during operation; however, 
if the pressure is 15lbflin.2 or less, Pv shall be 15 
Ibtlin.2 or 25%, more than the maximum possible 
unbalanced pressure, whichever is the smaller. 

The minimum thickness shall be as calculated plus corro
sion allowance or 1/2 in. plus corrosion allowance, whichever 
is greater. 

Moreover, if the net plate thickness, t - c, detem1ined pre
viously in this paragraph, is found to be less than or equal to 
0.01 times the inside diameter of the cover-plate flange, a 
check computation shall be made to detem1ine the thickness 
required by Equation 44. The plate shall be made not less 
than the thickness computed using the following equation: 
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where 

4 LrjP" 
1= ---+c 

5350 
(44) 

Lc inside crown radius for dished (torispherical) 
and hemispherical heads, in in.; or 0.9D for 2:1 
ellipsoidal heads, in which D is the inside cliam
eter of the head, in in. 

5.21.2.7 Openings up to and including 2-in. pipe size may 
be made in the spherical segment of a dished cover plate 
without increasing the thickness ofthe sq,'ment ifthe opening 
attachment is entirely clear of the fillets joining the spherical 
segment to the flange of the cover plate. 

5.21.2.8 Openings greater than 2-in. pipe size may be 
made in the spherical segment of a dished cover plate if these 
openings are reinforced in accordance with 5.16 or 5.17. 

5.22 PERMITTED TYPES OF JOINTS 

5.22.1 Definitions 

5.22.1.1 The iniom1ation in 5.22.1.2 through 5.22.1.6 cov
ers fusion-welded joints pem1itted by this standard. (See 
Table 5-2 for limitations of joints.) 

5.22.1.2 Tem1s relating to weld joints shall be as defined in 
Section IX of the ASME Code and the following: 

a. An angle joint is one located between two members 
located in intersecting planes between zero (a butt joint) and 
90° (a comer joint). 

b. A slot weld is the same as a plug weld except that it is 
made through an elongated hole that has semicircular ends. 
Fillet-welded holes should not be construed as a plug or slot 
weld. 

5.22.1.3 The reverse side of a double-welded butt joint 
shall be prepared by chipping, grinding, or melting-out to 
ensure sound metal at the base of the weld metal first depos
ited before weld metal is applied from the reverse side. This 
operation shall be done to ensure complete penetration and 
proper fusion in the final weld. 

Note: The proceeding requirements of this section are not intended 
to apply to any welding procedure by which proper fusion and com
plete penetracion are otherwise obtained and by which unacceptable 
defects at the base oflhe weld are avoided. 

5.22.1.4 If the backing strips for single-welded joints 
are not removed, all ends of strips abutting (including a T
junction) shall be joined with a full-penetration weld. A 
backing strip need not be removed after the weld is com
pleted unless the joint is to be radiographed and the back-

ing-strip image would interfere with interpretation of the 
resultant radiographs. 

5.22.1.5 Double and single lap-joints shall have full-fillet 
welds, the size of which is equal to the thinner member 
joined. The surface overlap shall be not less than four times 
the thickness of the thinner plate, with a I in. minimum. 

5.22.1.6 When lull-penetration welds are specifled for the 
circumferential joints of diametrical transitions, angle joints 
30 degrees or less meet this requirement. All other require
ments for a butt-welded joint apply. 

5.22.2 Size of Weld 

5.22.2.1 Groove Weld 

The size of a groove weld is detem1ined by the joint pene
tration, which is the depth of chamfering plus the root pene
tration when root penetration is specified. 

5.22.2.2 Fillet Weld 

5.22.3 For equal-leg fillet welds, the leg length of the larg
est isosceles right triangle that can be inscribed within the fil
let-weld cross seetion determines the size of the weld. For 
unequal-leg fillet welds, the leg length of the largest right tri
angle that can be inscribed within the fillet-weld cross section 
determines the size of the weld. 

5.22.4 Throat of a Fillet Weld 

The throat of a fillet weld is the shortest distance from the 
root of the fillet weld to its face. For a convex fillet weld, the 
hypotenuse of the triangle which has the greatest area that can 
be inscribed within the fillet-weld cross section is considered 
the face. 

5.22.5 Heads Convex To Pressure 

Heads convex to pressure for the purpose of sealing man
ways may be attached to the manway neck using single full
fillet lap joints without plugs in accordance with Figure 5-8, 
panel w, and the limitations of Table 5-2. 

5.23 WELDED JOINT EFFICIENCY 

5.23.1 General 

The efficiency of a welded joint is a joint efficiency factor 
used in design computation or in computations that relate the 
stren~rt:hs of welded structures. The joint elliciency lactor is 
ba..')ed on the assumption that the welds may contain detects 
within the limits permitted by these rules or may otherwise be 
of a quality somewhat below that of the parent material. Per
missible joint efficiency factors are given in Table 5-2, where 
the factor is expressed as a percent; in computations it is 
expressed as a deeimal. 
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In the case of butt-welded joints and full-fillet lap-welded 
joints, the joint efficiency factor is assumed to exist between 
the working strength of the joint and the working strength of 
the solid plate. 

In the case of fillet welds evaluated as specified in 
5.16.8.3, item b, plug welds, and other attachment welding, 
the joint efficiency tactor is assumed to exist between the 
working strength ofthe area of weld involved in the computa
tions and the working strength of the same area of solid par
ent metal. 

5.23.2 Maximum Joint Efficiencies 

The maximum joint efficiencies pemlitted in the design of 
tanks or tank parts fabricated by an arc-welding process and 
the limitations on the use of the various types of these joints 
are given in Table 5-2. 

5.23.3 Welded Pipe Joint Efficiencies 

The allowable unit tensile stress values given in Table 5-1 
for welded steel pipe reflect a welded joint efficiency factor of 
0.80 for the longitudinal joints in that material. No further 
reduction Lor joint efficiency needs to be made in those joints. 

The low-pressure operating conditions tor which these 
tanks arc used will often make the thickness of pipe materials, 
as determined by the cylindrical shell fommla, of little signifi
cance; the girthioints that are subject to piping strains, includ
ing even moderate temperature efiects, may be the controlling 
factor. The joint efficiencies for such girth joints shall be taken 
from Table 5-2, but in applying these efficiencies to the allow
able stress values in Table 5-1 for welded pipe, allowance may 
be made for the fact that the allowable values already reflect a 
joint efficiency factor orO.80, as stated in this paragraph. 

5.24 PLUG WELDS AND SLOT WELDS 

5.24.1 Plug welds and slot welds may be used in conjunc
tion with other forms of welds for joints in structural attach
ments and in reinforcements around openings. They shall be 
sized and spaced properly to carry their portion of the load 
but shall not in any case be considered to take more than 30% 
of the total load to be transmitted by the joint of which they 
form a part. 

5.24.2 The diameter of plug-weld holes and the width of 
slot-weld holes in members whose thickness is 1/2 in. or less 
shall be not less than 3/4 in.; for members more than 1/2 in. in 
thickness, the diameter, or width, of such holes shall be not 
less than the thickness of the member through which the hole 
is cut plus 1/4 in. 

5.24.3 Except as otherwise provided in 5.24.2, the diame
ter, or width, of the holes shall not exceed twice the thick
ness ofthe member through which the hole is cut plus 1/4 in. 
In no case, however, does the dimension need to be greater 
21/4 in. 

5.24.4 Plug-weld and slot-weld holes shall be completely 
filled with weld metal when the thickness of the member 
through which the hole is cut is 5/16 in. or less. For thicker 
members, the holes shall be filled to a depth of at least one
half the thickness of the member or one-third the hole diame
ter, or width, whichever is greater, but in no case shall they be 
filled less than 5/16 in. Fillet-welded holes arc not considered 
to be plug welds or slot welds. 

5.24.5 The etl'ective shearing area of plug welds shall be 
considered to be the area of a circle whose diameter is 1/4 in. 
less than the diameter of the hole at the fraying surface. The 
efiective shearing area of the semicircular ends of slot welds 
shall be computed on a comparable basis, and the effective 
area between the centers of the semicircular ends shall be 
taken as the product of the distance between such centers and 
a width that is 1/4 in. less than the width of the slot at the fray
ing surface. 

5.25 STRESS RELIEVING31 

5.25.1 Definition 

Stress-relief heat treatment is the unifoml heating of a 
structure or portion of a structure to a sufficient temperature 
below the critical range to relieve the major portion of the 
residual stresses, followed by uniform cooling. 

5.25.2 Field Stress Relief 

A tank built according to the rules of this standard is not 
usually thermally field stress relieved aLler erection because 
its size and weight do not pemlit adequate support at the tem
perature required lor stress relieving. When a tank is not to be 
field stress relieved, the field-welding procedure shall be one 
that (a) has been proven satisfactory by experience or ade
quate experiments and (b) will minimize locked-up residual 
stresses, which are thought to be one of the main causes of 
cracking in or adj acent to welds (see 6.19 and 11.4). 

5.25.3 Wall Thickness 

Tank sections that have a nominal thickness of wall plate 
greater than 11/4 in.32 at any nozzle or other welded attach
ment and nozzle necks whose thickness at any welded joint 
therein exceeds (D + 50)/120 shall be themlally stress 
relieved after welding. Thickness of compression rings as 
ddined in 5.12 (examples shown in Figure 5-6) are not con
sidered in the detemlination of themlal stress relief require-

31 Any proposed application of stress-relieving requirements and the 
procedures to be l(lUowcd in each case should be agreed upon by the 
purchaser and the manutacturer. Peening may be done if it is part of 
the welding procedure and is approved by the purchaser (see 6.7 and 
6.19). 
32Por P-l and P-12B-Subgroup 2 materials, the 11/4 in. thickness 
may be increased to 11/2 in. provided that a minimum preheat tem
perature of 200°F is maintained during welding. 
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ments. In this fommla diameters less than 20 in. shall be 
assumed to be 20 in. When thermal stress relief cannot be 
applied to welded assemblies of these parts after erection, all 
such assemblies, particularly around openings and support 
attachments, shall be made in the shop and shall be thermally 
stress relieved bc10re shipment. 

5.25.4 Fillet-Weld Attachments 

The requirement of 5.25.3 does not apply to fillet welds 
used for small nozzle or lug attachments when the welds have 
a size that is a) no greater than 1/2 in. for welds on a flat sur
face or circumferential welds on a cylindrical or conical sur
face or b) no greater than 3/8 in. for longitudinal welds on 
surfaces of the latter two shapes or for any welds on surfaces 
that have double curvature. 

5.26 RADIOGRAPHY 

5.26.1 Definition 

Radiography is the process of passing electromagnetic 
radiation, such as X-rays or Gamma rays through an object 
and obtaining a record of its soundness upon a sensitized fllm. 

5.26.2 Wall Thickness 

Complete radiographic examination is required lor all 
double-welded butt joints wherever the thinner of the plates 
or the tank-wall thicknesses at the joint exceed 11/4 in. and 
the joint is su~jected to tension stress greater than 0.1 times 
the specified minimum tensile strength of the material. 

5.26.3 Joint Efficiency 

5.26.3.1 The increased joint etliciency allowed in Table 
5-2 lor completely radiographed joints in a tank or tank sec
tions may be used in the design calculations if the condi
tions described in 5.26.3.2 and 5.26.3.3 are met. 

5.26.3.2 Main joints (all longitudinal and circumferential 
joints in the tank wall or meridional and latitudinal joints in 
walls of double curvature) are of the butt-welded type except 
for nozzle, manhole, and support attachment welds to the 
tank wall, which need not be of the butt-welded type. 

5.26.3.3 All butt-welded joints described in 5.26.3.2 are 
radiographically examined throughout their length, as pre
scribed in 7.15, except under the following conditions: 

a. When parts of tanks do not require complete radiographic 
examination (see 5.26.2). In this case, circumferential joints 
in cylindrical or conical surfaces need to be prepared and 
radiographed for a distance of only 3 in. on each side of any 
intersection with a longitudinal joint. All joints in a spherical, 
torispherical, or ellipsoidal shape or in any other surface of 
double curvature shall be considered longitudinal joints. For 

similar reasons, the juncture without a knuckle between a 
conical or dished roof or bottom, and cylindrical sidewalls 
and the circunlferential joints without a knuckle at either or 
both ends of a transition section shown in Figure 5-9 shall be 
radiographed if the adjacent longitudinal joints are to receive 
credit tor being radiographed. 

b. When welded butt joints in nozzle necks do not require 
complete radiographic examination (see 5.26.2). This provi
sion applies to their fabrication and is not necessarily the 
foml of attachment to the tank. 

5.26.4 Exemptions 

Spot or full radiographic examination is not mandatory on 
tank bottoms that are uniformly supported throughout (for 
exanlple, concrete slab or compacted sand) or on compo
nents that have a design thickness controlled by compressive 
stress only. 

5.27 FLUSH-lYPE SHELL CONNECTION 

5.27.1 Cylindrical-5idewall, Flat-Bottom Tanks 

5.27.1.1 A low-pressure tank of this configuration may 
have Hush-type connections at the lower edge of the shell. 
These connections can be made flush with the Hat bottom 
under the conditions described 5.27 .1.2 through 5.27.1.4. 

5.27.1.2 The design pressure for the gas vapor space of the 
tank shall not exceed 2Ibf!in.2 gauge. 

5.27.1.3 The sidewall uplift from the internal design and 
test pressures, wind, and earthquake loads shall be counter
acted, as noted in 5.11.2, in such a manner that no upli11 will 
occur at the cylindrical sidewall, Hat-bottom junction. 

5.27.1.4 The longitudinal or meridional membrane stress 
in the cylindrical sidewall at the top of the opening for the 
Hush-type connection shall not exceed 1lio ofthe circumfer
ential design stress in the lowest sidewall course that contains 
the opening. 

5.27.2 Dimensions and Details 

5.27.2.1 The dimensions and details of the connection 
shall conform to Table 5-10, Figure 5-12, and the rules speci
fied in this section. 

5.27.2.2 The maximum width, b, of the flush-type connec
tion opening in the cylindrical sidewall shall not exceed 36 in. 

5.27.2.3 The maximum height, h, of the opening in the 
cylindrical sidewall shall not exceed 12 in. 

5.27.2.4 The thickness of the sidewall plate in the clean- ~ 
out opening assembly shall be at least as thick as the adjacent 1 

sidewall plate in the lowest sidewall course. 
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Table 5-10-Dimensions of Flush-Type Shell Connections (Inches) 

Class 150 
Nominal Height Width 
Flange of of 

Size Opening, h Opening, b 

8 8 8 

12 12 12 

16 12 20 

18 12 22 

20 12 25 

24 12 36 

5.27.2.5 The thickness of the sidewall reintorcing plate 
shall be of the same thickness as the sidewall plate in the flush 
connection assembly. 

5.27.2.6 The thickness, 'a, of the bottom transition plate in 
the assembly shall be 1/2 in. minimum, or when specified, the 
thickness or the bottom annular plate. 

5.27.3 Stress Relieving 

The reinlorced connection shall be completely pre assem
bled into a sidewall plate. The completed assembly, including 
the sidewall plate that contains the connections, shall be ther
mally stress relieved at a temperature of 11 OO°F ~ 1200°F for 
a period of 1 hour per in. thickness of sidewall-plate thick
ness, 'd. 

5.27.4 Reinforcement 

5.27.4.1 The reinJorcement lor a flush-type sidewall con
nection shall conform to the rules described in 5.27.4.2 
through 5.27.4.6. 

5.27.4.2 The cross-sectional area of the reinlorcement over 
the top of the connection shall be not less than the value 
determined using the following equation: 

where 

area coefncient, as given in Figure 5-13, 

greatest vertical height ofthe elear opening, 
in in., 

thickness, in in. of the sidewall course in which 
the connection is located, exclusive of corro
sion allowance. 

5.27.4.3 The reinforcement in the plane of the sidewall 
shall be provided within a height, L, above the bottom of the 

Lower Comer 
Arc Width Upper Radius of 
of Sidewall Comer Sidewall 
Reinforcing Radius of Reinforcing 

Plate, W Opcning, rl Plate, r2 

38 4 14 

52 6 18 

64 6 18 

66 6 18 

69 6 18 

89 6 18 

opening. L shall not exceed 1.5h except that L minus h shall 
be not less than 6 in. for small openings. Where this exception 
results in a height, L, greater than 1.5h, only that portion of 
the reinforcement within a height of 1.5h shall be considered 
effective. 

Note: L = height orthe shell reinforcing plate, in in. 

5.27.4.4 The required reinforcement may be provided by 
anyone orby any combination of the following: 

a. The shell reinforcing plate. 
b. Any thickness of the shell plate in the assembly greater 
than the thickness of the adjacent plates in the lowest sidewall 
course. 
c. That portion of the neck plate that has a length equal to the 
thickness ofthe reinforcing plate. 

5.27.4.5 The width of the tank-bottom reinforcing plate at 
the centerline ofthe opening shall be 10 in. plus the combined 
thickness of the sidewall plate in the flush connection assem
bly and the sidewall reinlorcing plate. The thickness of the 
bottom reinforcing plate, Ib, in in., shall be calculated using 
the following equation. 

where 

h 

b 

11 

tb = _h_2 _ + J!.-jH 
14,000 280 

vertical height of clear opening, in in., 

horizontal width of clear opening, in in., 

height of tank, in fl. 

The minimum thickness of the bottom reinlorcing plate, 
tb, shall be 5/S in. for H = 48; 11/16 for H = 56; and 3/4 in. for 
H=64. 

5.27.4.6 The thickness of the nozzle transition piece and 
the nozzle neck, tn, shall be a minimum of 5/8 in. External 
loads applied to the connection may require that tn be greater 
than 5/8 in. 
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Full-penetration 
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Noto: 

Shell plate of 
lowest shell 
course = t 

API STANDARD 620 

Shell plate in 
flush connection = td 

See Section C-C 
(Figure 5-12-
continued) 

t-

Reinforcing plate = td 

T 
15" min 

6" min 

L 

One 1/4" telltale hole in 
reinforcing plate at 
about mid-height 

t = 5/u" min 
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-1+ WI2 arc dimensions 

Bottom reinforcing plate 

Notch as required to provide 
flush joint 

~ 

/ 
Bottom plate 

~ 
I 

Bottom transition plate 
for minimum arc 
dimension of W + 60" 

DBottom reinforcing ~at~ ~~-+ Butt weld---

SECTION 8-8 

Nozzle transition to_ 
circular flange ~ 

Butt weld 

Centerline 
of connection 

SECTION A-A 

I. The thickness of the thinner plate joined with a maximum of 112 inch. 

Figure 5-12-Part 1-Flush-Type Sidewall Connection 
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~ (See Note 2) 
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Bottom 

Altemative 
butt-weld detail 

! sottom 
transition 
plate 

Typical Detail for Connections With b = h 

---- b/2 --~-
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Centerline 
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Nozzle neck 
(See 5.2.7.4.6) 

~~r~~~ 1 
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C-- Flanges per Table 5-10 

Typical Detail for Connections With b> h 

SECTION C-C 
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1. The thickness of the thinner plate joined with a maximum of lh ineh. 

t 

Back-chip 
and weld 

Bottom 
reinforcing 

plate 

Full-penetration 
weld 

Bottom plate 

/ 

2. Flanges in sizes 1 liz - 24 inches shall conform 10 ASME B 16.5. flanges in sizes larger than 24 inches shall 
conform 10 ASME B 16.47. 

Figure 5-12-Part 2-Flush-Type Sidewall Connection 

1'/4" min 
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K1 Coefficient 

K1 = Area coefficient for determining minimum reinforcement 
of a flush-type connection. 

H = Height of tank, in feet. 
o = Inside diameter of tank, in feet. 

Figure 5-13-Design Factors for Flush-Type 
Connections 

5.27.5 Material Requirements 

All materials in the flush-type shell connection assembly 
shall confom1 to the requirements of Section 4. The plate 
materials of the sidewall containing the assembly, the side
wall reinl()fcing plate, the nozzle neck attached to the side
wall, the transition piece, and the bottom reinforcing plate 
shall meet the impact test requirements of 4.2.5 at desit,'ll 
metal temperatures for the respective thickness involved. 
Notch toughness evaluation lor the bolting flange and the 
nozzle neck attached to the bolting flange shall be based on 
the governing thickness as defmed in 4.3.5.3 and used in Fig
ure 4-2. Additionally, the yield strength and tensile strength of 
the sidewall plate in the flush-type shell connection and the 
sidewall reinforcing plate shall be equal to or greater than the 
yield strength and tensile strength of the actjacent sidewall of 
the lowest shell course plate material. 

5.27.6 Connection Transition 

Thc nozzlc transition between the flush connection in the 
shell and the circular pipe flange shall be designed in a man
ner consistent with the rules given in this standard. Where the 
rules do not cover all details of design and construction, the 
manufacturer shall provide details of design and construction 
that will be as sale as those provided by the rules of this stan
darel (see 5.1.1). 

5.27.7 Anchorage 

Where anchoring devices are used to resist the sidewall 
uplift, they shall be spaced so that they will be located inm1e
diately adjacent to each side of the reinforcing plates around 
the opening, while still providing the required anchorage for 
the tank sidewall. 

5.27.8 Allowance for Sidewall or Piping Movement 

Adequate provision shall be made lor free movement of 
connected piping to minimize thrusts and moments applied to 
the sidewall connection. Allowance shall be made for the 
rotation of the sidewall connection caused by the restraint of 
the tank bottom to the sidewall expansion from stress and 
temperature as well as for thermal and elastic movement of 
the piping. In double-wall tanks, any insulation or other mate
rial shall not restrain or tend to increase the movement of the 
sidewall connection. The rotation of the sidewall connection 
is illustrated in Figure 5-14. 

5.27.9 Foundation 

The toundation in the area of a flush-type connection shall 
be prepared to support the bottom reinforcing plate of the 
connection. The loundation for a tank that rests on a concrete 
ringwall shall provide a uniform support for the bottom rein
forcing plate as well as the remaining bottom plate under the 
tank sidewall. Dillerent methods of supporting the bottom 
reiniorcing plate under a flush-type connection are shown in 
Figure 5-14. 

5.27.10 Nozzle Spacing 

Flush-type connections may be installed using a common 
reinforcing pad. However, when this type of construction is 
employed, the minimum distance between nozzle centerlines 
shall be not less than 1.5(b l + b2 + 2.5) in. or 2 n, whichever 
is greater. The dimensions b l and b2 shall be obtained from 
Table 5-10, Column 3, tor the respective nominal flange sizes. 
Adjacent sidewall flush-type connections that do not share a 
common reinforcing plate shall have at least a 36 in. clear
ance between adjacent edges of their reinforcing pads. 

5.27.11 Weld Examination 

All longitudinal butt-welds in the nozzle neck and transi
tion piece if any, and the first circumferential butt-weld in the 
neck closest to sidewall, excluding neck to flange weld shall 
receive 100% radiographic examination. The nozzle-to-tank 
sidewall and reinforcing plate welds and the sidewall-to-bot
tom reintorcing plate welds shall be examined their entire 
length using magnetic-particle examination. This magnetic
particle examination shall be performed on the root pass, on 
every 1/2 in. of deposited weld metal whjle the weld is being 
made, and on the completed weld. 
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SECTION 6-FABRICATION 

6.1 GENERAL 

This section covers details in fabrication practices that are 
considered essential in constructing large, welded tanks 
designed according to the rules in this standard. 

6.2 WORKMANSHIP 

6.2.1 All work of fabricating API Std 620 tanks shall be 
done in accordance with this standard and with the permissi
ble alternatives specified in the purchaser's inquiry or order. 
The workmanship and finish shall be first class in every 
respect and subject to the closest inspection by the manufac
turer's inspector, whether or not the purchaser waives any part 
of the inspection. 

6.2.2 When material requires straightening, the work shall 
be done by pressing or another non injurious method prior to 
any layout or shaping. Heating or hammering is not permissi
ble unless the material is heated to a forging temperature dur
ing straightening. 

6.3 CUTTING PLATES 

6.3.1 Plates, edges of heads, and other parts may be cut to 
shape and size by mechanical means such as machining, 
shearing, and grinding or by gas or arc cutting. After gas or 
arc cutting, all slag and detrimental discoloration of material 
that has been molten shall be removed by mechanical means 
before further fabrication or use. 

6.3.2 All holes made in the tank wall, the edges of which 
are not to be fused by welds, should preferably be tool-cut. If 
openings are manually flame-cut, the edges to remain 
unwelded shall be tool-cut or grOlmd smooth (see Figure 5-8 
for finish of un welded exposed edges). 

6.4 FORMING SIDEWALL SECTIONS AND ROOF 
AND BOTTOM PLATES 

All plates for sidewall sections and, if curved, for roof and 
bottom plates shall be formed to the required shape by any 
process that will not unduly impair the mechanical properties 
of the material. 

6.5 DIMENSIONAL TOLERANCES 

6.5.1 General 

Tank walls subject to membrane stresses that are more 
than 1/3 of the allowable design stress under service condi
tions shall conform to the tolerances described in 6.5.2 
through 6.5.6. The number and frequency of measurements 
are left to the judgement of the manufacturer in order to pro-
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duce an acceptable tank. Outer walls of double-wall tanks 
(see Appendixes Q and R) that contain insulation and are not 
in contact with the design liquid are excluded. These toler
ances may be waived or modified by agreement between the 
purchaser and the manufacturer. 

6.5.2 Plumbness 

6.5.2.1 For cylindrical sidewalls, the maximwn out-of
plwnbness of the top of the shell relative to the bottom of the 
shell shall not exceed I hoo of the total tank height. 

6.5.2.2 The out-of-plumbness in one shell plate shall not 
exceed the permissible variations for flatness and waviness 
specified in ASTM A 6 or ASTM A 20, whichever is applica
ble for carbon and alloy steels. For stainless steels, ASTM A 
480 is applicable. For aluminum plates, Table 5.13 of ANSI 
H35.2 provides the dimensional flatness tolerance. 

6.5.3 Roundness 

6.5.3.1 For cylindrical sidewalls, the horizontal circular 
cross section of a large, low pressure storage tank shall be 
sufficiently true to rOlmd so that the difference between the 
maximwn and minimum diameters (measured inside or out
side) at any section in a cylindrical wall shall not exceed 1 % 
of the average diameter or 12 in., whichever is less, except as 
modified for flat-bottom tanks for which the radii measured at 
I ft 0 in. above the bottom comer weld shall not exceed the 
tolerances listed in Table 6-1. 

6.5.3.2 The skirts or cylindrical ends offormed tops or bot
toms shall be sufficiently true to round so that the difference 
between the maximum and minimum diameters shall not 
exceed I % of the nominal diameter. 

6.5.4 Local Deviations 

Local deviations from the theoretical shape, sllch as weld 
discontinuities and flat spots, shall be limited as follows: 

a. Using a horizontal sweep board 36-in. long, peaking at 
vertical joints shall not exceed 1/2 in. This may be increased 
to 1 in. for aluminum shells (see Appendix Q). 

Table 6-1-Diameter Range Versus Radius Tolerance 

Diameter Range 
(n) 

<40 
40 [0< 150 

ISO to < 250 
~ 250 

Radius Tolerance 
(in.) 

± [/2 

± 3/4 

±I 
± 11/4 
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b. Using a vertical sweep board 36-in. long, banding at hori
zontal joints shall not exceed 1/2 in. This may be increased to 
1 in. for alwninum shells (see Appendix Q). 

c. Flat spots in the vertical plane shall not exceed the appro
priate plate flatness and waviness requirements of 6.5.2.2. 

6.5.5 Fitting Attachments 

All lugs, brackets, nozzles, manhole frames, reinforcement 
around openings, and other appurtenances shall fit and con
fonn to the ClUvature of the surface to which they are 
attached. 

6.5.6 Foundation 

6.5.6.1 To achieve the tolerances outlined in 6.5, a level 
foundation must be provided for the tank erection. The fOlm
dation should have adequate bearing power to maintain the 
levelness of the foundation. 

6.5.6.2 The top of the foundation with a concrete ringwall 
shall be level within ± 1/8 in. in any 30 ft of cirCllmference 
and within ± 1/4 in. in the total circumference. Without a con
crete ringwall, the fOlmdation shall be within ± 1/2 in. of the 
design shape. 

6.5.6.3 For concrete slab fOlmdations, from the outside of 
the tank radially toward the center, the first foot of the foun
dation (or width of the annular ring) shall comply with the 
concrete ringwall requirement. The remainder of the founda
tion shall be within ± 1/2 in. of the design shape. 

6.5.7 Measurements 

When measurements are required by agreement between 
the purchaser and the manufacturer, they shall be taken before 
the hydrostatic test. Measurements of local deviations shall 
be taken during construction. They shall be taken with a steel 
tape-making corrections for temperature, sag, and wind
when the length being measured makes such corrections nec
essary. Deviation measurements shall be taken on the surface 
of the plate and not on welds. 

6.5.8 Double-Curvature Roofs, Bottoms, and 
Sidewalls 

For double-curvature roofs, bottoms and sidewalls, the tol
erances shall be as follows: The surface shall not deviate out
side the design shape by more than 1.25% of D and inside the 
specified shape by more than 5/8% of D where D is the nomi
nal inside diameter of the roof (or bottom) under consider
ation. Such deviations shall be measured perpendicular to the 
design shape and shall not be abrupt but shall merge smoothly 
into the adjoining surfaces in all directions. For a knuckle, D 
shall be considered to be twice the radius of the knuckle. 

6.6 DETAILS OF WELDING 

6.6.1 General 

6.6.1.1 Tanks and tank parts fabricated lmder these rules 
shall be welded by the processes defined in 6.6.2. Welding 
may be performed manually, semi-automatically, or automat
ically according to procedures described in and by welders 
and welder operators qualified lmder 6.7 and 6.8. 

6.6.1.2 Welding shall be fusion welding without the appli
cation of mechanical pressure or blows. 

6.6.1.3 Peening is permitted in accordance with 6.19. 

6.6.1.4 Pipe materials that have longitudinal joints of the 
types permitted by the specifications listed in 4.3 are allowed. 

6.6.2 Welding Processes 

Tanks and their structural attachments shall be welded by 
the shielded metal-arc, gas metal-arc, gas tungsten-arc, oxy
fuel, flux-cored-arc, submerged-arc, electros]ag, or electrogas 
process using suitable equipment. Use of the oxyfuel, electro
slag, or electrogas process shall be by agreement between the 
manufacturer and the purchaser. Use of the oxyfuel process is 
not pennitted when impact testing of the material is required. 
Welding may be perfonned manually, automatically, or semi
automatically according to procedures described in Section 
IX of the ASME Boiler and Pressure Vessel Code. Welding 
shall be perfonned in such a manner as to ensure complete 
fusion with the base metal. 

6.7 QUALIFICATION OF WELDING PROCEDURE 

6.7.1 Each Welding Procedure Specification (WPS) shall 
be qualified in accordance with the latest practice as given in 
Section IX of the ASME Code. When impact tests are 
required by 4.2.5 or when required by appropriate appen
dixes, the weld metal and heat affected zone shall be tested 
and the Supplementary Essential Variables in Section IX of 
the ASME Code shall be applied. In addition, the heat treated 
condition and the application or omission of fine grain prac
tice for the base metal shall be an additional Supplementary 
Essential Variable. 

6.7.2 Carbon steel materials not listed in Table QW-422 of 
Section IX of the ASME Code shall be considered as P-Num
ber 1 material with group munbers assib'11ed as follows, 
according to the minimlun tensile strength specified: 

a. < 70 kips/in.2 (Group 1). I 
b. ;::: 70 kips/in.2 but $ 80 kipslin.2 (Group 2). 01 

c. > 80 kips/in.2 (Group 3). 

6.7.3 The required tests to qualifY the Welding Procedure 
Specification (WPS) shall be conducted by the fabricator. 
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6.7.4 The stress-relieving requirements in the procedures 
to be followed in each case should be agreed upon between 
the manufacturer and the purchaser. Peening may be done if 
it is part of the welding procedme and is approved by the 
pmchaser. 

6.8 QUALIFICATION OF WELDERS 

6.8.1 All welders assigned to manual welding and welding 
operators assigned to automatic welding shall have success
fully passed the tests conducted by the fabricator, or manufac
tmer, as prescribed for welder qualification in Section IX of 
the ASME Code. Tests conducted by one manufacturer shall 
not qualify a welder or welding operator to do work for any 
other manufacturer. 

6.8.2 The manufacturer shall assign each welder or weld
ing operator an identifying number, letter, or symbol. 
Except for all lap-welded roof seams and flange-to-neck 
joints, this identifying mark shall be stamped, either by 
hand or machine, on all tanks adjacent to and at intervals of 
not more than 3 ft along the welds made by a welder or 
welding operator; altematively, the manufactmer may keep 
a record of welders employed on each joint and shell-open
ing joint and omit the stamping. If such a record is kept, it 
shall be maintained until tests are completed and shall be 
available to the inspector. 

6.8.3 The manufacturer shall maintain a record of the 
welders employed, showing the date and result of tests and 
the identification mark assigned to each. These records shall 
be certified by the manufacturer and shall be accessible to the 
inspector. 

6.9 MATCHING PLATES 

6.9.1 The plates that are being welded shall be accurately 
matched and retained in position dming the welding opera
tion. Tack welds may be used to hold the plate edges in line if 
the requirements of6.9.1.1 through 6.9.1.4 are followed. 

6.9.1.1 The tack welds in butt joints to be welded manually 
are removed before welding. 

6.9.1.2 The tack welds in butt joints to be automatically 
welded by a process that will remelt the tack welds shall be 
thoroughly cleaned of all welding slag and examined for 
soundness. 

6.9.1.3 Tack welds in lap and fillet welded joints need not 
be removed if they are sOLmd and the subsequently applied 
weld beads are thoroughly fused into the tack welds. 

6.9.1.4 Tack welds, whether removed or left in place, shall 
be made using a fillet-weld or butt-weld procedme qualified 
in accordance with Section rx of the ASME Code. Tack 

welds to be left in place shall be made by welders qualified in 
accordance with Section rx of the ASME Code and shall be 
examined visually for defects; if welds are found to be defec
tive, they shall be removed. 

6.9.2 During assembly of the plates and subject to agree
ment between the manufacturer and the purchaser, the welded 
joints in adjoining segments, which abut at a common trans
verse joint from opposite sides, need not be staggered unless 
specified by the pmchaser. When specified, the stagger 
should be at least five times the plate thickness of the thicker 
course. 

6.10 CLEANING SURFACES TO BE WELDED 

6.10.1 Immediately before any welding operation, the sur
face to be welded or to which weld metal is to be applied 
shall be cleaned thoroughly of all scale, slag, grease, and any 
oxide that would lower the quality of the deposited weld 
metal. A light oxide film resulting from flame cutting is not 
considered detrimental. 

6.10.2 On all multilayer welding, each layer of weld metal 
shall be cleaned of slag and other deposits before the next 
layer is applied. 

6.10.3 The reverse side of double welded butt joints shall 
be prepared by chipping, grinding, or melting out to ensme 
sound metal at the base of the weld metal first deposited 
before weld metal is applied from the reverse side. This oper
ation shall be done to ensure complete penetration and proper 
fusion in the final weld. When melting out is done, particular 
care shall be exercised to prevent contamination of the melted 
area by foreign materials, especially carbon. 

Note: The proceeding requirements of this section are not intended 
to apply to any welding procedme by which proper fusion and com
plete penetration are otherwise obtained and by which unacceptable 
defects at the base of the weld are avoided. 

6.10.4 Cast steel surfaces to be welded must first be 
machines or chipped to remove fOLmdry scale and to expose 
SOLl11d metal. 

6.11 WEATHER CONDITIONS FOR WELDING 

Welding shall not be done (a) when the surfaces of the 
parts to be welded are wet from rain, snow, or ice, (b) when 
rain or snow is falling, or ( c) when periods of high winds pre
vail, unless the welder and work are properly shielded. Weld
ing shall not be done when the base metal temperature is less 
than OaF. When the base metal temperature is within the 
range ofO°F - 32°F, inclusive, or the thickness is in excess of 
11/4 in., the base metal within 3 in. of the place where weld
ing is to be started shall be heated to a temperatme that is 
warm to the hand. 
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6.12 REINFORCEMENT ON WELDS 

6.12.1 Butt joints shall have complete joint penetration and 
complete fusion for the full length of the weld and shall be 
free from undercuts, overlaps, or abmpt ridges or valleys. To 
ensure that the weld grooves are completely filled so that the 
surface of the weld metal at any point does not fall below the 
surface of the adjoining plate, weld metal may be built up as 
reinforcement on each side of the plate. The thickness of the 
reinforcement on each side of the plate shall not exceed the 
thickness listed in Table 6-2, but the reinforcement need not 
be removed except when it exceeds the permissible thickness 
or when required in 7.15.1. 

6.12.2 When a single-welded butt joint is made by using a 
backing strip that is left in place (see Table 5-2), the require
ment for reinforcement applies to only the side opposite the 
backing strip. 

6.13 MERGING WELD WITH PLATE SURFACE 

The edges of the weld shall merge smoothly with the sur
face of the plate without a sharp angle. There shall be a maxi
mum permissible undercutting of 1/64 in. for longitudinal or 
meridional butt joints and 1/32 in. for circumferential or latitu
dinal butt joints. 

6.14 ALIGNING OF MAIN JOINTS 

Particular care shall be taken in matching up the edges of 
all plates within the tolerances of offset as follows: 

a. For plates 1/4 in. in thickness and less, 1/16 in. 

b. For plates over 1/4 in. in thickness, 25% of the plate thick
ness or I/S in., whichever is smaller. 

6.15 REPAIRING DEFECTS IN WELDS 

Defects in welds shall be chipped, melted out, or 
machined out until sOlmd metal is reached on all sides. Sub
ject to the approval of the inspector, the resulting cavity shall 
be filled with the weld metal and retested 

6.16 MATCHING PLATES OF UNEQUAL 
THICKNESS 

For plates over 1/2-in. thick in the sidewalls, roof, or bot
tom ofa tank, if the thickness of two adjacent plates that are 
to be butt-welded together differ by more than 1/8 in., the 
thicker plate shall be trimmed to a smooth taper that extends 
for a distance at least four times the offset between the abut
ting surfaces so that the adjoining edges will be of approxi
mately the same thickness. The length of the required taper 
may include the width of the weld (see Figure 6-1). 

Table 6-2-Maximum Thickness of Reinforcement 
on Welds 

Maximum Reinforcement (in.) 

Plate Thickness (in.) Vertical Joints Horizontal Joints 

.,; 1/2 3/32 1/8 

> 1/2 thru 1 1/8 3/16 

> 1 3/16 1/4 

6.17 FITTING UP OF CLOSURE PLATES 

For the closure of the final joints, plates of extra width and 
length-not narrow strips or filler bars33-shall be used. The 
fitting up of the closure plates used and the proposed method 
of installation shall be subject to the inspector's approval 
before the work is started, and the inspector shall ensure that 
the closure plates meet all applicable reqlmements. 

6.18 THERMAL STRESS RELIEF 

6.18.1 General thermal stress relief of an entire tank is not 
visualized for tanks of this type, but sections of tanks shall be 
stress relieved before erection where required by the provi
sions of 5.25. 

6.18.2 Parts of a tank that require stress relief according to 
the mles in 5.25 shall be stress relieved in an enclosed furnace 
before shipment from the fabricators' shops. The procedure 
used shall be as outlined in 6.18.2.1 through 6.18.2.5. 

6.18.2.1 The temperature of the furnace shall not exceed 
600°F at the time the part or section of the tank is placed in it. 

6.18.2.2 The rate of heating in excess of 600°F shall be not 
more than 400°F per hour divided by the maximum metal 
thickness, in in., of the wall plate being heated, but in no case 
shall it be more than 400°F per hour. 

6.18.2.3 During the heating period, the temperature 
throughout the portion of the tank being heated shall not vary 
more than 250°F within any 15-ft interval oflength and when 
at the hold temperature not more than 150°F throughout the 
portion of the tank being heated. A minimum temperature of 
1 100°F (except as permitted in 6.18.2.5) shall be maintained 
for a period of one hour per in. of metal thickness (maximtun 
metal thickness of the tank wall plates affected). During the 
heating and holding periods, the furnace atmosphere shall be 
controlled to avoid excessive oxidation of the surface of the 
material being treated. The fi.Jmace shall be designed to pre
vent direct impingement of the flame on the material. 

33Gaps of this kind may require removal of pat1 of the adjoining 
plate to give proper widths. Full consideration should be given to 
radiogmphic and magnetic-particle methods of inspection as well as 
to the thermal stress relief or peening of these welds. 
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Weld 

Notes: 

r 
(' , , , 

\ 

Panel a 
PREFERRED 
(Center lines 

coincide) 

..... '\. .'" 
) ( , , ~, , 

~ (\)" 
~. , 
~~ \ 
~~, 

(\) ;;::.. \ 
~/ 1!'5,1--....... 

Taper may 
be inside 
or outside 

Panelb 
PERMISSIBLE 

Panelc 
PREFERRED 

l. The length of the required taper Cmay include Ihe width of the weld. 
2. In all cases, e shall be not less than four times the offset between the 

abutting plates, 

Figure 6-1-Butt Welding of Plates of Unequal 
Thickness 

6.18.2.4 At temperatures over 600°F, cooling shall be done 
in a closed furnace or cooling chamber at a rate not greater 
than 500°F per hour divided by the maximum metal thick
ness, in in. of the plates affected; in no case shall the rate be 
more than 500°F per hour. At temperatures of 600°F and 
below, the material may be cooled in still air. 

Table 6-3-Stress-Relieving Temperatures and 
Holding Times 

Metal Temperature 
(0 Fahrenheit) 

1100 

1050 

1000 

950 

900 (minimum) 

Holding Time 
(hours per in. 
or thickness) 

3 

5 

10 

Note: For intermediate temperatures, the heating time shall be deter
mined by straight line interpolation. 

6.18.2.5 When stress relieving at a temperature of llOO°F 
is impracticable, it is pennissible to carry out the stress reliev
ing operation at lower temperatures for longer time periods in 
accordance with Table 6-3. 

6.19 PEENING FIELD WELDS 

6.19.1 A tank fabricated according to these mles that is too 
large to be completely assembled and welded in a shop may 
be transported in sections and assembled in the field. Welds 
made after assembly in the field may require a special weld
ing procedure in accordance with 5.25, and mechanical peen
ing as described in Appendix I may then be used on the field 
welds. 

6.19.2 Peening of welds is not considered as effective as 
thermal stress relief and is not to be substituted for thermal 
stress relief where the thermal stress relief is mandatory lmder 
the provision of 5.25. 





SECTION 7-INSPECTION, EXAMINATION AND TESTING 

7.1 RESPONSIBILITY OF EXAMINER 

7.1.1 The inspector34 shall ensure that all materials used in 
tanks eonstructed according to the rules in this standard eom
ply in all respects with the requirements of these rules. This 
shall be done either by witnessing mill tests or examining eer
tified mill test reports supplied by the manufaeturer. 

7.1.2 Tanks constructed according to the rules in this stan
dard shall be inspected and tested in accordanee with the sec
tions that follow. The inspector shall earefully follow the 
fabrication and testing of eaeh tank and shall make sure that 
they comply in all details with the design, tabrication, and 
tests speci fled in these rules. 

7.2 QUALIFICATIONS OF EXAMINERS 

7.2.1 Examiners for tanks constructed according to the 
rules in this standard shall have had not less than 5 years 
cxperience in design, construction, maintenance and/or 
repair, or in the responsible supervision of the construction, 
maintenance and/or repair of various types of unfired pres
sure vessels and/or tanks, including at least 1 year of experi
ence in the construction or supervision of the construction 
of vessels or tanks by fusion welding. Satisfactory comple
tion of a suitable course of training approved by the pur
chaser or the purchaser's agent may be substituted for 3 of 
the 5 years experience. However, training cannot replace 
more than 6 months of the required experience on fusion
welding construetion. 

7.2.2 Inspectors shall be employed by the purchaser or by 
an organization regularly engaged in making inspections. An 
examiner is the accredited representative of the purchaser. 

7.2.3 The manufaeturer shall also provide inspection to 
help ensure that all requirements of these rules have been 
met bef()re signing the certificate and manufacturer's report 
(see 8.3). 

7.3 ACCESS FOR INSPECTOR 

The inspector shall be pem1itted li"ee access to all parts of 
the plant concerned with the manufacture of the tank during 
labrication and to all parts of the plants of material suppliers 
who are concerned with the manufacture of materials to be 
used in the tank. 

7.4 FACILITIES FOR INSPECTOR 

The manufacturer shall afford the inspector all reasonable 
faeilities tor testing and inspeetion and shall provide mutually 
agreeable advance notifieation to permit the examiner to wit-

34The term inspector, as used here and elsewhere in this standard, 
refers to an individual who has the qualifications set forth in 7.2. 
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ness all tests of the equipment and materials during fabrica
tion, including all laboratory tests of the material to be used 
and all hydrostatic and pneumatic tests at the site of erection. 

7.5 APPROVAL OF REPAIRS 

Approval by the inspector shall be required before and 
after any deiccts are repaired. Defective material that cannot 
be satistactorily repaired shall be rejected (see 6.16 tor repair 
of detects in welds). 

7.6 INSPECTION OF MATERIALS 

The plates and other material for parts that will be sub
jected to pressure-imposed loads shall be inspected before 
being incorporated in the tank. Particular attention shall be 
given to all cut edges to ensure that the material is li"ee from 
serious laminations and other detects. 

7.7 STAMPING OF PLATES 

Before plates required to be stamped by the steel mill are 
used, the inspector shall see that they bear the stan1p. In lay
ing out and cutting the plates, at least one set of the original 
material identification markings should, if possible, be left 
where it will be plainly visible when the tank is completed. 
Should the identifying marks be obliterated, one set shall be 
accurately transferred by the tank manufacturer to a location 
that will be visible on the completed tank, or a coded marking 
shall be used to ensure identification of each piece of material 
during fabrication and subsequent identification or the mark
ings on the completed tank. These latter markings shall be 
readily distinguishable from the mill markings. The inspector 
need not witness the transfer of the markings but shall be sat
isfied that the transfer of the markings has been made cor
rectly. Care should be taken not to damage the plate by 
stamping the figures too deeply. To guard against incipient 
cracks in plates less than 1/4 in. thick, the mill markings shall 
be transferred in some manner other than by die stan1ping. 

7.8 MEASURING THICKNESS OF MATERIAL 

All material shall be gauged or measured to determine 
whether the thickness meets the requirements. 

7.9 INSPECTION OF SURFACES EXPOSED 
DURING FABRICATION 

7.9.1 The edges of plates, openings and fittings exposed 
during fabrication shall be inspected carefully to make sure 
that any defects have been uncovered, as well as to detem1ine 
that the work has been performed properly. 

7.9.2 Minor defects found may be repaired only a11:er the 
inspector approves the method and extent of repairs. Materi
als that have more than minor defects that cannot be satisfac
torily repaired shall be rejected. 
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7.10 SURFACE INSPECTION OF COMPONENT 
PARTS 

Bef()re assembly, unless already so certified by shop 
inspectors, all sidewall plates or sections and roof and bottom 
plates shall be inspected for thickness, freedom from injuri
ous defects, and soundness of any welded joints. 

7.11 CHECK OF DIMENSIONS OF COMPONENT 
PARTS 

All formed plates and curved sections shall be checked for 
confom1ance with the planned dimensions and cross section. 
For unusual repairs the inspector should keep a record of 
measurements taken at sullicient intervals to constitute a sat
ishlctOry record. 

7.12 CHECK OF CHEMICAL AND PHYSICAL 
PROPERTY DATA 

The inspector shall check the material being assembled by 
the lists ofthe plates from the mill, their heat numbers, chem
ical analyses, and mechanical properties as given on mill 
reports and shall see that copies are available to be attached to 
the manufacturer's report (see 8.3). 

7.13 DATA REQUIRED FROM MANUFACTURER 
ON COMPLETED TANKS 

If specified in the purchase order, the manufacturer shall 
supply marked copies ofplans (or a separate sketch) showing 
the location of all plates, with a means of identi1ying each 
plate with the heat numbers. These markings shall be checked 
by the inspector. A copy shall be attached to the manufac
turer's report. 

7.14 CHECK OF STRESS-RELIEVING OPERATION 

The inspector shall check any them1al stress-relieving 
operation and shall be satisfied that the temperature readings 
are accurate and that the procedure conforms to the applica
ble requirements of these rules. 

7.15 EXAMINATION METHOD AND ACCEPTANCE 
CRITERIA 

7.15.1 Radiographic Method 

7.15.1.1 Except as modified in this section, the radio
graphic examination method employed shall be in accor
dance with Section Y, Article 2 of the ASME Code. The 
requirements o1'T-285 in Section Y, Article 2, are to be used 
only as a guide. Final acceptance of radiographs shall be 
based on the ability to see the prescribed image quality indi
cator (IQI) (penetrameter) and the specified hole or wire. 
The finished surface of the reinlorcement at the location of 
the radiograph shall either be flush with the plate or have a 
reasonably unifom1 crown that does not exceed the values 
listed in Table 7-1. 

Table 7-1-Maximum Thickness of Reinforcement on 
Welds for Radiography Examined Joints 

Plate Thickness 
(in.) 

> l 

Maximum Thickness 
of Reinforcement 

(in.) 

7.15.1.2 Before any welds are repaired, the radiographs 
shall be submitted to the inspector. 

7.15.1.3 The acceptability of welds examined by radiogra
phy shall be judged by the standards of Paragraph UW-51(b) 
in Section YIU of the ASME Code. 

7.15.1.4 Sections of welds that radiography has revealed to 
be unacceptable shall be repaired and re-radiographed in 
accordance with 7.15.1.1 and their acceptability shall be 
determined by the standards of7.15.1.3. 

7.15.1.5 Aller the structure is completed, the films shall be 
the property of the purchaser unless otherwise agreed upon 
by the purchaser and the manufacturer. 

7.15.1.6 Personnel who perform and evaluate radiographic 
examination according to this section shall be qualified and 
certified by the manufacturer as meeting requirements of cer
tification as generally outlined in ASNT SNT-TC-IA (includ
ing applicable supplements), Level 1I or Level III. Level I 
personnel may be used if they are given written acceptance/ 
rejection procedures prepared by Level II or TTl personnel. 
This written procedure shall contain the applicable require
ments of Section Y, Article 2, of the AS ME Code. In addition, 
all Level I personnel shall be under the direct supervision of 
Level II or III personnel. 

7.15.2 Magnetic-Particle Method Examination 

7.15.2.1 When magnetic-particle examination is specified, 
the method of exan1ination shall be in accordance with Sec
tion Y, Article 7 of the ASME Code. 

7.15.2.2 Magnetic-particle exan1ination shall be per
fom1ed in accordance with a written procedure, which shall 
be in accordance with the requirements ofT-150, Section Y, 
Article I of the ASME Code. 

7.15.2.3 The manufacturer shall determine that each mag
netic-particle examiner meets the lollowing requirements: 

a. The examiner has vision with correction, if necessary, to 
be able to read a Jaeger-Type No.2 Standard Chart at a dis
tance of not less than 12 in. and is capable of distinguishing 
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and differentiating contrast between colors used. These 
requirements shall be checked annually. 

b. The examiner is competent in the techniques of the mag
netic-particle examination method for which the examiner is 
certified, including making the examinations and interpreting 
and evaluating the results; however, where the examination 
method consists of more than one operation, the examiner 
may be certified as being qualified only for one or more of 
these operations. 

7.15.2.4 The acceptance standards, defect removal, and 
repair shall be in accordance with Section VIII, Appendix 6, 
Paragraphs 6-3,6-4, and 6-S of the ASME Code. 

7.15.3 Ultrasonic Examination Method 

7.15.3.1 When ultrasonic examination is specified, the 
method of examination shall be in accordance with Section V, 
Article S, of the ASME Code. Acceptance standards shall be 
by agreement between purchaser and manufacturer. 

7.15.3.2 Ultrasonic examination shall be performed in 
accordance with a written procedure that is certified by the 
manufacturer to be in compliance with the applicable require
ments of Section V of the ASME Code. 

7.15.3.3 Examiners who perform ultrasonic examination 
under this section shall be qualified and certified by the man
ufacturer as meeting the requirements of certification as gen
erally outlined in ASNT SNT-TC-IA (including applicable 
supplements), Level n or Level fIl. Level r personnel may be 
used if they are given written acceptance/rejection criteria 
prepared by Level J[ or III personnel. In addition, all Level I 
personnel shall be under the direct supervision of Level II or 
1Il personnel. 

7.15.4 Liquid-Penetrant Examination Method 

7.15.4.1 When liquid-penetrant exan1ination is specified, 
the method of exan1ination shall be in accordance with Sec
tion V, Article 6, oCthe ASME Code. 

7.15.4.2 Liquid-penetrant examination shall be perfom1ed 
in accordance with a written procedure certified by the manu
facturer to be in compliance with applicable requirements of 
Section V of the ASME Code. 

7.15.4.3 The manufacturer shall detennine and certify that 
each liquid-penetrant examiner meets the following require
ments: 

a. The examiner has vision with correction, if necessary, to 
be able to read a Jaeger-Type No.2 Standard Chart at a dis
tance of not less than 12 in. and is capable of distinguishing 
and differentiating contrast between colors used. These 
requirements shall be checked annually. 

b. The examiner is competent in the techniques of the liquid 
penetrant examination method for which the exan1iner is cer
tified, including making the examination and interpreting and 
evaluating the results; however, where the examination 
method consists of more than one operation, the examiner 
may be certified as being qualified only for one or more of 
these operations. 

7.15.4.4 The acceptance standards, defect removal, and 
repair shall be in accordance with Section Vlll, Appendix 8, 
Paragraphs 8-3,8-4, and 8-S of the ASME Code. 

7.15.5 Visual Examination Method 

7.15.5.1 All welds shall be visually exan1ined in accor
dance with 7.1S.S.2 and 7.1S.S.3. 

7.15.5.2 A weld shall be acceptable by visual exan1ination 
if examination shows the following: 

a. The weld has no crater cracks or other surface cracks. 
b. Undercut does not exceed the applicable limit in 6.13 for 
circun1ferential or latitudinal butt joints and for longitudinal 
or meridional butt joints. For welds that attach nozzles, man
holes, or clean-out openings, the maximum allowable 
undercut is 1/64 in. 
c. The frequency of surrace porosity in welds does not 
exceed one cluster (one or more pores) in each 4 in. or 
length, and the maximum diameter of each cluster docs not 
exceed 3/32 in. 
d. Complete fusion and required penetration exists at the 
joint between the weld metal and the base metal. 

7.15.5.3 Welds that fail to meet the visual examination cri
teria of7.1S.S.2 shall be reworked before hydrostatic testing 
in accordance with the following: 

a. Defects shall be repaired in accordance with 6.16. 
b. Rewelding shall be required if the resulting thickness is 
below the minin1un1 required for design and hydrostatic test 
conditions. All defects in areas above the minimum thickness 
shall be feathered to at least 4: 1 taper. 
c. The repair weld shall be examincd visually tor defects. 

7.15.6 Examination Method for Spot 
Radiographing 

7.15.6.1 The procedure prescribed in 7.1S.1.1 shall be tol
lowed as closely as is practicable when the spot exanunation 
is made by radiographing. A spot radiograph shall not be con
sidered the equal of a recheck where complete radiographing 
is mandatory and applied. 

7.15.6.2 Spot radiography shall be not less than 6 in. 
extending along the weld and shall comply with the standards 
given in 7.1S.1.3. Where spot radiographs are taken at joint 
intersections, the surface shall be prepared and radiographed 
for a distance of3 in. on each side of the intersection, making 
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the minimum length of radiograph 6 in. on the horizontal 
weld and 3 in. on the vertical weld. 

7.15.6.3 Rctest radiographs prescribed in 7.17.4, when 
required, shall comply with the standards of acceptability 
given in 7.15.1.3. Spot radiography may be discarded after 
the tank has been accepted by the inspector unless the pur
chaser has previously asked Jor them. 

7.16 INSPECTION OFWELDS 

Note: Appendix P summarizes the requirements by method of exam
ination and provides the acceptance standards, examiner qualifica
tions, and procedure requirements. Appendix P is not intended to be 

01 used alone to determine the inspection requirements for work cov
ered by this document. The specific requirements as listed in Sec
tions I through 9, and Appendices Q and R shall be followed in all 
cases. 

01 

7.16.1 Butt-Welds 

Complete penetration and complete fusion is required for 
welds joining tank wall plates to tank wall plates. Inspection 
for quality of welds shall he made by the radiographic 
method specified in 7.1.5.1 and applied in 7.17 and by visual 
examination specified in 7.15.5. In addition, the purchaser's 
inspector may visually examine all butt-welds for cracks, arc 
strikes, excessive undercuts, surface porosity, incomplete 
fusion, and other delccts. Acceptance and repair criteria for 
the visual method are specified in 7.15.5. 

7.16.2 Fillet Welds 

Fillet welds shall be examined by the visual method. 
Acceptance and repair criteria are specified in 7.15.5. 

7.16.3 Permanent and Temporary Attachment 
Welds 

Pemlanent and temporary attachments shall be exam
ined visually and by the magnetic particle method (or at 
the option of the purchaser, the liquid penetrant method). 
Refer to 7.15.2, 7.15.4, or 7.15.5 tor the appropriate exam
ination criteria. 

7.16.4 Examination of Welds Following Stress 
Relieving 

Aller any stress relieving, hut before hydrostatic testing of 
the tank, welds attaching nozzles, manholes, and cleanout 
openings shall be examined visually and by the magnetic par
ticle method (or at the option ofthe purchaser, the liquid pen
etrant method). Refer to 7.15.2, 7.15.4, or 7.15.5 for the 
appropriate examination and repair criteria. 

7.16.5 Responsibility 

The manufacturer shall he responsible lor making radio
graphs and any necessary repairs; however, if the pur-

chaser's inspector requires radiographs in excess of the 
nunlber specified in 7.17 or requires chip-outs of fillet welds 
in excess of one per 100 ft of weld and no detect is disclosed, 1

01 the additional examination and related work shall be the 
responsibi lity of the purchaser. 

7.17 RADIOGRAPHIC EXAMINATION 
REQUIREMENTS 

7.17.1 Application 

7.17.1.1 Any butt-welded joint in the wall of any tank to 
which these rules apply and for which complete radiographic 
examination is mandatory under 5.26 shall be examined 
throughout its entire length by radiography in accordance 
with the procedure given in the following paragraphs. Any 
butt-welded joint lor which complete radiographic examina
tion would not be mandatory under 5.26.2 shall be similarly 
examined if the procedure becomes mandatory in the applica
tion of 5.26.3. 

7.17.1.2 If radiographic examination is considered imprac
tical for the final (or closing-up) joint because of the location 
or construction of that joint, magnetic-particle examination 
may be substituted Jor radiographic exanlination of the joint 
if the substitute procedure is applied at stages of the welding 
acceptable to the inspector and that it indicates that the joint is 
sound. In no case shall this exception be interpreted to apply 
merely on the grounds that equipment suitable for making the 
radiographic exanlination of the parts of the tank involved is 
not available or is not in a usable condition. 

7.17 .1.3 All such welded joints on which backing strips 
are to remain shall be examined by the magnetic-particle 
method aller the first two layers, or beads, of weld metal have 
been deposited and again after the joint has been completed. 

7.17.2 Spot Examination of Welded Joints 

7.17 .2.1 For all butt-welded main joints (see 5.26.3.2) that 
are not completely radiographed, spot exanlination is manda
tory and shall be done according to the procedure and stan
dards of 7.15.6 and 7.17.4, except roof joints exempted by 
Table 5-2. 

7.17 .2.2 Spot examination need not be made of welds in 
structural steel members unless specifically requested by the 
inspector. The method used shall be subject to agreement 
between the manuiacturer and the inspector. 

7.17.3 Number and Location of Spot Examination 

7.17.3.1 In all cases in which spot examination is manda
tory under 7.17.2.1, the number and location of spots exam
ined in longitudinal or meridional joints and in equivalent 
circumferential or latitudinal joints as defined in Table 5-2, 
Note 6, shall conform to the requirements of7.17.3.2 through 
7.17.3.4. 
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7.17.3.2 At least one spot shall be examined from the first 
10ft of completed joint of each type and thickness35 welded 
by each welder or welding operator. Thereafter, without 
regard to the number of welders or welding operators 
involved, one additional spot shall be examined for each 
additional 50 ft~or remaining fractional part of this 
length---of each type and thickness of welded longitudinal, 
meridional, or equivalent joint subject to examination. The 
inspector shall designate the locations of all spots that are to 
be examined, of which at least 25% of the selected spots 
shall be at junctions of meridional and latitudinal joints with 
a minimum of two such intersections per tank (see 
7.15.6.2), both under the foregoing provisions and the pro
visions of 7.17.3.4. Such spots need not have any regularity 
of spacing. 

7.17.3.3 If more than one welding procedure is used or if 
more than one welder or welding operator does the welding, 
at least one spot shall be examined for each procedure and for 
each welder or weldi ng operator. Any spot examined may 
coincidentally represent one procedure, one welder or weld
ing operator, and one interval of 50 it of joint length. The 
san1e welder or welding operator mayor may not weld both 
sides of the same butt joints; there/ore, it is permissible to test 
the work of two welders or welding operators with one spot 
examination if they weld opposite sides ofthe same butt joint. 
When a spot of this type is rejected, further tests shall deter
mine whether one or both welders or welding operators were 
at limlt. 

7.17.3.4 Whenever spot examination is required for cir
cumferential or latitudinal joints other than those considered 
in 7.17.3.2 and 7.17.3.3, one spot shall be examined from the 
first 10ft of completed joint of each type and thickness (see 
Footnote 35) welded by eaeh welder or welding operator if 
not already done on other joints for the same welder or weld
ing operator on the same structure. Thereafter, without regard 
to the number of welders or welding operators working, one 
additional spot shall be examined in each additional 100 £l 
(approximately) and any remaining iraction thereof of each 
type and thickness of welded circumlerential or latitudinal 
joints of the kind considered in 7.17.2. 

7.17.4 Spot-Exam ination Retests 

7.17.4.1 When a spot has been examined at any location 
selected in accordance with 7.17.2 and the welding does not 
comply with the standards prescribed in 7.15.1.3 tor radio
graphing, two additional spots shall be examined in the same 
seam at locations to be selected by the inspector--one on 
each side of the original spot~to determine the limits of the 

35This is based on the thickness of the thinner plate at the joint. For 
the purpose of this application, plates shall be considered of the 
same thickness when the dillerence in the specified or design thick
ness does not exceed 1/8 in. 

potentially deficient welding. If any welding is found at either 
spot that fails to comply with the minimum quality require
ments for radiographing in 7.15.1.3, additional nearby spots 
shall be examined until the limits of unacceptable welding are 
detem1ined. In addition, the inspector may require that an 
additional spot be examined at one location selected by the 
inspector in each seam not previously examined on which the 
same operator has welded. If any additional spot tails to com
ply with the minimum quality requirements, the limits of 
unacceptable welding shall be detemlined as in the original 
examination. 

7.17.4.2 All welding within the limit tor spot examination 
found to be below the standards required in 7.15.1.3 tor 
radiographing shall be rejected. The rejected weld shall be 
removed and the joint shall be rewelded, or at the manufac
turer's option, the entire unit or weld represented shall be 
completely radiographed and only the de/ective welding need 
be corrected. 

7.18 STANDARD HYDROSTATIC AND 
PNEUMATIC TESTS 

7.18.1 General 

After erection is completed and stress relieving, radio
graphic examinations, or other similar operations, as may be 
required, are performed, each tank shall satisfactorily pass a 
series of hydrostatic and pneumatic tests as prescribed in 
7.18.2 through 7.18.6. Whenever a solution film is specified 
in this section to be applied to welding, linseed oil or another 
equivalent material for disclosing air leakage may be substi
tuted. In freezing weather, linseed oil or a similarly suitahle 
material shall be used. 

7.18.2 Test Preliminaries 

7.18.2.1 Before water is introduced into the tank, the pre
liminary operations described in 7.18.2.2 through 7.18.2.6 
shall be perfomled. 

7.18.2.2 The attachment welding around all openings and 
their reinforcements in the walls of the tank shall be exam
ined by the magnetic-particle method both inside and outside 
the tank. When the underside of a tank bottom rests directly 
on the tank grade (and is not accessible alter erection), such 
examination of welding on the underside of the bottom and 
subsequent air testing may be omitted. However, such exanli
nation and testing of any openings in the bottom plates shall 
be done before these plates are placed in position on the tank 
grade. 

7.18.2.3 Following the examination specified in 7.18.2.2, 
air at a pressure of 15 Ibilin.2 gauge (or, if the parts involved 
cannot safety withstand this pressure, as near this pressure as 
the parts should safely withstand) shall be introduced between 
the tank wall and the reinforcing plate, saddle flange, or inte-
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gral reinforcing pad on each opening, using the telltale holes 
specified in 5.16.10. While each space is subject to the pres
sure, a solution film shall be applied to all attachment welding 
around the reinforcemcnt, both inside and outside the tank. 

7.18.2.4 In cases in which the bottom of the tank: rests 
directly on the tank grade (preventing access to the underside 
of the bottom of the tank), all joints between the bottom 
plates shall be tested on the inside of the tank: by applying a 
solution film to the joints and pulling a partial vacuunl of at 
least 3 Ibfi'in2 gauge by means of a vacuum box with a trans
parent top. As an alternate to vacuum box testing, a suitable 
tracer gas and compatible detector can be used to test the 
integrity of welded bottom joints tor their entire length if an 
appropriate tracer gas testing procedure has been reviewed 
and approved by the purchaser. 

7.18.2.5 Tanks with anchors shall be grouted (if required 
by design) and anchor retainers shall be attached. 

7.18.2.6 After all the welding has been exanlined and 
tested and all detective welding disclosed by such examina
tion and testing has been repaired and retested, the tank: shall 
be filled with air to a pressure of 2 Ibti'in.2 gauge or one-half 
the pressure Pg for which the vapor space at the top of the tank 
is designed, whichever pressure is smaller. A solution film 
shall be applied to all joints in the tank wall above the high 
liquid (capacity) design level. If any leaks appear, the deJects 
shall be removed and rewelded, and the applicable prelimi
nary tightncss tests specified shall be repeated. When anchors 
are not provided near the boundary of contact to hold down a 
dished tank bottom resting directly on the tank grade, the bot
tom at this boundary may be rise slightly off the loundation 
during the tightness test when air pressure is in the tank. In 
this case, sand shall be tamped furnly under the bottom to fill 
the gap fomled while the tank is under pressure (see 7.1S.S). 

7.18.3 Combination Hydrostatic-Pneumatic Tests 

7.18.3.1 Tanks that have not been designed to be ftlled 
with liquid to a test level higher than their specified capacity 
level (see 5.3.1.2) shall be subjected to combination hydro
static-pneumatic pressure tests in accordance with the proce
dure described in 7.18.3.2 through 7.1S.3.5. 

7.18.3.2 AJl:er the preliminary tightness tests specified in 
7 .IS.4 have been completed, the pressure-vacuum relief valve 
or valves shall be blinded olI With the top vented to the 
atmosphere to prevent accumulation of pressure, the tank 
shall be filled with water to its high liquid (capacity) design 
level (see 7.1S.7). Tank anchor retainers shall be adjusted to a 
uniform tightness aller the tank: is filled with water. If the 
pressure-vacuunl valve or valves are not available at the time 
of the test, the tank: connections may be blinded off and the 
test procedure continued by agreement between the purchaser 
and the manufacturer. With the vents at the top of the tank 

closed, air shall be injected slowly into the top of the tank: 
until the pressure in the vapor space is about one-half the 
pressure P g' tor which this space is designed. The ai r pressure 
shall be increased slowly until the pressure in the vapor space 
is 1.25 times the pressure, Pg, for which the space is 
designed. 

7.18.3.3 An air test introduces some hazard. In view of the 
large amount of air that will be present in the tank during this 
test, no one should be pemlitted to go near the tank while 
pressure is being applied for the first time during this test. 
While the pressure in the tank: exceeds the pressure lor which 
the vapor space is designed, the inspections should be made 
at a reasonable distance from the tank using field glasses as 
required for close-up observation of particular areas. 

7.18.3.4 As the pressure is being increased, the tank shall 
be inspected for signs of distress. The maximum test pressure 
of 1.25 times the vapor space design pressure shall be held tor 
at least one hour, after which the pressure shall be released 
slowly and the blinds shall be removed from the pressure
vacuum relief valves. The operation of the relief valves shall 
then be checked by injecting air into the top of the tank: until 
the pressure in the vapor space equals the pressure, P g' for 
which this space is designed, at which time the relief valves 
shall start to release air. 

7.18.3.5 This latter pressure shall be held for a sutIicient 
period of time to pemlit a close visual examination of all 
joints in the walls of the tank and of all welding around man
ways, nozzles, and other connections. As part of this exami
nation, a solution film shall be applied to all of the welding 
involved above the high liquid (capacity) design level lor 
which the tank: is designed. 

7.18.4 Complete Hydrostatic Tests 

7.18.4.1 Tanks that have been designed and constructed to 
be filled with liquid to the top of the roof (see 5.3.1.2) shall be 
subjected to lull hydrostatic tests in accordance with the pro
cedure prescribed in 7.1S.4.2 and 7.1S.4.4, in lieu of the pro
cedure specified in 7.IS.3. 

7.18.4.2 Following the test preliminaries called for in 
7.1S.2, the pressure-vacuum relief valve or valves shall be 
blinded oil; with the top of the tank: vented to the atmosphere, 
the tank shall be filled with water to the top of the roof (see 
7.1S.7) while allowing all air to escape to prevent the accu
mulation of pressure. If the pressure-vacuum relief valve or 
valves are not available at the time of the test, the tank: con
nections may be blinded off and the test procedure continued 
by agreement between the purchaser and the manufacturer. 
The vents used during water filling of the tank shall then be 
closed, and the pressure in the tank shall be increased slowly 
until the hydrostatic pressure under the topmost point in the 
roof is 1.25 times the pressure, P g' which the vapor space is 
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designed to withstand when in operation with the tank filled 
to its specified high liquid (capacity) level. 

7.18.4.3 This test procedure shall be held for at least one 
hour. The hydrostatic pressure under the topmost point in the 
roof shall then be rcduced to the pressure, Pg , for which the 
vapor space is designed and shall be held at this level for a 
suHicient time to pemut close visual inspection of all joints in 
the walls of the tank and all welding around manways, noz
zles and other connections. 

7.18.4.4 The tank shall then be vented to atmosphere, the 
water level shall be lowered below the inlets to the pressure
relief valves, and the blinds shall be removed from the relief 
valves. The operation of the relief valves shall then be 
checked by injecting air into the top ofthe tank until the pres
sure in the vapor space equals the pressure, Pg , tor which this 
space is designed, at which time the relief valves shall start to 
release air. 

7.18.5 Partial-Vacuum Tests 

7.18.5.1 Following the tests specified in 7.18.3 (or in 
7.18.4) where this latter procedure has been used), the pres
sure in the vapor space of the tank shall be released and a 
manometer shall be connected to this space. The ability of 
the upper part of the tank to withstand the partial vacuum 
for which it is designed and the operation of the vacuum
relief valve or valves on the tank shall then be checked by 
withdrawing water from the tank, with all vents closed, until 
the design partial vacuum is developed at the top of the tank 
and by observing the differential pressure at which the valve 
or valves start to open. The vacuum-relief val ve or valves 
must be of a size and be set to open at a partial vacuum 
closer to the external atmospheric pressure than the partial 
vacuum tor which the tank is designed. The partial vacuum 
in the tank should never exceed the design value (see 
Appendix K). 

7.18.5.2 After completing 7.l8.5.1, the withdrawal of 
water from the tank shall be continued, with the vents closed 
and without exceeding the specified maximum partial vac
uum in the top of the tank, until the level in the tank reaches 
one-half the high liquid (capacity) level for which the tank is 
designed. Alternatively, to speed up the withdrawal of water 
to the degree thought expedient, the vents may either be kept 
closed and air pressure not exceeding Pg at the top of the tank 
applied, or the vents may be opened during most ofthis inter
val if in either procedure they are closed long enough before 
the level in the tank reaches half height tor the specified par
tial vacuunl to be developed by the time the level of the water 
reaches half height.36 Air shall then be again injected into the 
tank until the pressure above the water level equals the pres
sure, Pg, fix which the vapor space at the top of the tank is 
designed. 

7.18.5.3 Careful observation shall be made under all of the 
specified conditions of loading, as well as with atmospheric 
pressure above the surface of the water when the level is at 
half height, to detemune whether any appreciable changes 
occur in the shape of the tank (see 7.18.8). [n the case of a 
vertical tank with cylindrical sidewalls, no tests are required 
with the water level at half height; in this case, the tests speci
fied in 7.18.5.4 shall be applied immediately ailer the fLrst 
vacuunl test specified in 7.18.3.5. 

7.18.5.4 The water remaining in the tank shall then be 
withdrawn and when the tank is substantially empty, a vac
uum test comparable to that specifled in 7.18.5.1, except with 
regard to the level of water in tank, shall be applied to the 
tank. After this, air shall again be injected into the tank until 
the pressure in the tank equals the pressure, Pg , for which the 
vapor space at the top of the tank is designed. Observations 
shall be made, both with the specified partial vacuum and 
with the vapor space design pressure above the surface of"the 
water, to detemline whether any appreciable changes in the 
shape of the tank occur under either condition of loading. In 
the case of a tank whose dished bottom rests directly on the 
tank grade, iEthe bottom rises slightly olTthe foundation dur
ing the pressure test, sand shall be tamped firmly under the 
bottom to fill the gap fomled while the tank is under pressure 
(see 7.18.2.6 and 7.18.8). 

7.18.6 Visual Inspection 

Upon completion of all the foregoing tests, the pressure 
in the tank shall be released and a thorough visual inspec
tion shall be made of both the inside and outside of the tank, 
giving particular attention to all internal ties, braces, trusses, 
and their attachments to the walls of the tank. Anchors shall 
be checked for snug tightness and adjusted if required. 
Anchor threads shall be fouled by peening or tack welding 
to prevent loosening. In lieu of thread touling, double nuts 
may be used. 

7.18.7 Rate of Water Filling andWaterTemperature 

The rate at which water is introduced into a tank for a 
hydrostatic test shall not exceed 3 ft of depth per hour. The 
toundation, venting equipment, or other conditions may limit 
the water filling to a lower rate. Pressure shall not be applied 
above the surface of the water before the tank and its contents 
are at about the same temperature. The temperature of the 
water used in the tests should be not less than 60°F whenever 
practicable. 

36These provisions presuppose that an ejector or vacuum pump is 
not available fix drawing a partial vacuum on the tank. However, if 
such equipment is available, it may be used: vents may be opened 
during the entire period while the water level is being lowered; and 
the sequence of the vacuum and pressure test may be reversed if 
either the tank manufacturer or the purchaser so selects. 
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7.18.8 Changes in Tank Shape 

If in any of the foregoing tests there is an excessive rise 
of the bottom of the tank around the boundary of contact 
with grade, or off its I(mndations, or if any of the specified 
conditions of test loading cause other appreciable changes 
in the shapc of the tank, the design shall be reviewed and 
means shall be provided in the tank for holding the shape 
within permissible limits under all conditions of loading. 

7.18.9 Additional Tests 

The tests prescribed in 7.18 are believed to be suHicient 
for most tanks constructed according to these rules; if, in the 
opinion of the designer, additional tests are needed to investi
gate the safety of a tank under certain other conditions of 
loading, as detemlined from the design computations, these 
tests shall be made on the tank involved in addition to the 
tests specified in this standard. 

7.18.10 Tanks Subjectto Corrosion 

In the case of tanks that are subject to corrosion on some 
or all of their wall plates or on internal ties, braces, or other 
members that carry pressure-imposed loads, the test specified 
in 7.18.3 (or the test specified in 7.18.4, if applicable) should 
be repeated periodically during the lives of the tanks as the 
metal added lix corrosion allowance disappears. 

7.19 PROOF TESTS FOR ESTABLISHING 
ALLOWABLE WORKING PRESSURES 

7.19.1 General 

Because pressures in liquid storage tanks built according 
to these rules vary quite markedly n'om the tops to the bot
toms of the tanks, proof testing of these tanks presents prob
lems not usually encountered in the construction of unfired 
pressure vessels-especially where the parts under investiga
tion are located near the bottoms of the tanks. The principal 
difftculty is devising a test or series of tests that will reliably 
establish the working pressure that can be pernlitted on the 
part of the unproven design without, at the same time, impos
ing hazardous conditions on other parts located at higher lev
els in the tank. Another possible complication is that, because 
oCthe large volumetric capacities ofthese tanks, it may not be 
practicable to completely remove all pressure loading from 
the part under investigation in order to obtain strain-gauge 
readings under no-load conditions after successive incre
ments of pressure have been applied in the test procedure. 
Also, in the case of tanks designed for storing only gases or 
vapors, water cannot be used as a testing medium. 

7.19.2 Use of Design Rules 

The design rules and fomlUlas given in the design section 
of these rules will be (uund to cover all of the more common 

designs of vertical tanks, shapes of openings, and so furth. 
The absence of a standard proof-test procedure will not 
greatly affect the usef"ulness of these rules. Whether a stan
dard proof-test procedure can be devised that will be applica
ble to all shapes, sizes and types of tanks that might be 
constructed under these rules is not known, but it is recog
nized that in special cases a manufacturer may be able to pro
pose a proof·test procedure that would be satisfactory for a 
particular tank (see 7.19.3). 

7.19.3 Developing ProofTests 

7.19.3.1 Pending development of an approved standard 
proof-test procedure, whenever a manufacturer desires to 
construct a tank that will be marked as specified in 7.26 and 
embodies any 1eatures that should be proof-tested because of 
the provisions of 5.1 and 5.13 .5.3 or any other provisions of 
these rules that call for proof test or strain-gauge surveys, the 
manufacturer shall develop specifications for an appropriate 
proof-test procedure for the tank and obtain approval from the 
purchaser or the purcha<;er's agent, preferably before starting 
fabrication of the tank. Such speciflcations shall cover all 
important details of the proposed proof-test procedure, 
including but not necessarily limited to a description of how 
the tank would be prepared fur the test, how the test loadings 
would be applied, what medium would be used for the test, 
the increments in which the loadings would be applied, what 
kind of data would be taken, how the test results would be 
interpreted, and the basis upon which allowable working 
pressures would be established for the part or parts under 
investigation. In seeking approval of such a test, the manufac
turer shall furnish full infom1ation concerning the general 
construction of the proposed tank, the design and location of 
the part or parts of uncertain strength, the conditions of load
ing to which the tank would be subjected in service, and other 
pertinent matters. 

7.19.3.2 In case the purchaser or the purchaser's agent 
does not approve a special proof-test procedure, the tank in 
question shall not be marked as specified in 6.1, nor shall a 
tank be so marked after failing to satisfactorily pass a special 
proof test that has been so approved, unless the tank is 
strengthened in a manner acceptable to the inspector and is 
then retested and satistactorily passes the second proof test. 

7.20 TEST GAUGES 

7.20.1 An indicating gauge shall be connected directly to 
the topmost part of the roo f on the tank under test. In the case 
of a tank which is designed for the storage of gases or vapors 
alone and is to be tested only with air, the gauge may be con
nected to the tank at some lower level. If the indicating gauge 
is not readily visible to the operator who is controlling the 
pressure applied, an additional indicating gauge shall be pro
vided where it will be visible to the operator throughout the 
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test. Means shall be provided to ensure that the required test 
pressure will not be exceeded. 

7.20.2 A recording gauge shall also be used on each tank:, 
and a record shall be kept of the pressures during all stages of 
the tests. This gauge shall be connected either to the piping 
that leads to the indicating gauge or directly to the tank at a 
point near the indicating gauge connection. 

7.20.3 Indicating gauges used during the tests shall be cali
brated against a standard deadweight tester belore the tests 
are started. 

7.20.4 If at any time during a test there is reason to believe 
that a gauge is in error, its calibration shall be checked. Tfthe 
gauge is in error, it should prelerably be adjusted to read cor
rectly, or a calibration curve may be made to indicate the cor
rect pressures for the readings indicated by the gauge. 

7.20.5 Tn all cases in which a gauge is mounted at a level 
lower than its connection to the tank or lower than some part 
of the piping that leads to the gauge, suitable precautions 
shall be taken to prevent accumulation of any static head of 
condensed moisture (or water from other sources) in the pip
ing leads above the level of the gauge. Not preventing this 
would result in erroneous readings. 





SECTION 8-MARKING 

8.1 NAMEPLATES 

8.1.1 A tank made in accordance with this standard shall be 
identified by a nameplate similar to that shown in Figure 8-1. 
The nameplate shall indicate, by means of letters and numer
als not less than 5/32 in. high, the following information: 

a. API Standard 620. 
b. Applicable appendix. 
c. Year completed. 
d. Applicable edition and revision number of this 
publication. 
e. Nominal diameter and nomillal height, in ft and in.37 
f. Nominal capacity, in barrels of 42 gallons per barrelY 

g. Design liquid level, in ft and inY 

h. Design specific gravity of liquid. 
i. Maximum test level for hydrostatic test with water, in ft 
andinY 

j. Design pressme for gas or vapor space at the top of the 
tank, in Ibf/in.2 gauge.37 

k. Design metal temperature, in °F.37 (Use the lower of the 
following temperatures: 

1. The temperature described in 4.2.1, or 

2. The minimum design temperature of product storage 
given by the purchaser for refrigerated product tanks. 

1. Purchaser's tank number. 

m. Maximum operating temperature, which shall not exceed 
250°FY 
n. The name of the manufacturer with a serial munber or 
contract number to identifY the specific tank. 

o. If thermal stress relief is applied to a part in accordance 
with 5.25 or R.7.3, the nameplate shall be marked "SR," and 
the part shall be identified on the manufacturer's certificate. 
p. The material specification number for each shell course. 

8.1.2 On request by the purchaser or at the discretion of the 
manufacturer, additional pertinent information may be shown 
on the nameplate. The size of the nameplate may be increased 
accordingly. 

8.1.3 The nameplate shall be attached to the tank shell adja
cent to a manhole or to a manhole reinforcing plate immedi
ately above the manhole. A nameplate that is placed directly 
on the shell plate or reinforcing plate shall be attached by con
tinuous welding or brazing all around the plate. A nameplate 
that is riveted or otherwise permanently attached to an auxil
iary plate of ferrous material shall be attached to the tank shell 
plate or reinforcing plate by continuous welding. The name
plate shall be of corrosion-resistant metal. 

37Unless other units are specified by the purchaser. 
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8.1.4 When a tank is fabricated and erected by a single 
organization, that organization's name shall appear on the 
nameplate as both fabricator and erector. 

8.1.5 When a tank is fabricated by one organization and 
erected by another, the names of both organizations shall 
appear on the nameplate, or separate nameplates shall be 
applied by each. 

8.2 DIVISION OF RESPONSIBILITY 

Unless otherwise agreed upon, when a tank is fabri
cated by one organization and erected by another, the erec
tion manufacturer shall be considered as having the 
primary responsibility. The manufacturer shall make cer
tain that the materials used in the fabrication of the compo
nents and in the construction of the tank are in accordance 
with all applicable requirements. 

8.3 MANUFACTURER'S REPORT AND 
CERTIFICATE 

8.3.1 Upon completion of all tests and inspections on each 
tank, the manufacturer shall prepare a report summarizing all 
the data on the tank, including fOlmdations (if they are within 
the manufacturer's scope of responsibility) and shall attach to 
the report all drawings and charts as required by other para
!:,'Taphs in this section of the rules (see 7.13 and Appendix M). 

8.3.2 The manufacturer shall furnish and fill out a certifi
cate for each tank (such as that shown in Figure M-5), attest
ing that the tank has been constructed according to the rules 
in this standard. This certificate shall be signed by the manu
facturer and the purchaser's inspector. This certificate, 
together with the nameplate or markings placed on the tank, 
shall guarantee that the manufacturer has complied with all 
applicable requirements of these rules. 

8.3.3 If the purchaser so requests, the manufacturer shall 
attach to the report copies of the records of the qualification 
test of welding procedures, of welders, and/or of welding 
operators (see 6.7 and 6.8). 

8.4 MULTIPLE ASSEMBLIES 

In the case of assemblies that consist of two or more tanks 
or compartments designed and built according to the rules of 
this standard, each tank or compartment in the assembly shall 
be marked separately, or the markings may be grouped at one 
location and arranged so that the data for the separate com
partments can be identified. Removable pressure parts shall be 
marked to identify them with the tank to which they belong. 
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SECTION 9-PRESSURE- AND VACUUM-RELIEVING DEVICES 

9.1 SCOPE 

The manufacturer or purchaser shall equip tanks con
stmcted within the pressure limits of these niles with pres
sure-relieving and emergency vacuum-relieving valves, or 
other equivalent permissible devices, as a means of safe
guarding the storage and adjacent equipment involved (see 
9.6.1.2 and Appendix N). 

9.2 PRESSURE LIMITS 

9.2.1 Tanks constmcted according to these mles shall be 
protected by automatic pressure-relieving devices that will 
prevent the pressure at the top of the tank from rising more 
than 10% above the maximum allowable working pressure 
except as provided in 9.2.2 (see Appendix K). 

9.2.2 Where an additional hazard can be created by the 
exposure of the tank to accidental fire or another unexpected 
source of heat extemal to the tank, supplemental pressure
relieving devices shall be installed. These devices shall be 
capable of preventing the pressure from rising more than 20% 
above the maximlUn allowable working pressure. A single 
pressure-relieving valve may be used ifit satisfies the require
ments of this paragraph and 9.2.1. 

9.2.3 Vacuum-relieving devices shall be installed to permit 
the entry of air (or other gas or vapor is so designed) to avoid 
collapse of the tank wall if this could occur tmder natural 
operating conditions. These devices shall be located on the 
tank so that they will never be sealed off by the contents of 
the tank. Their size and pressure (or vacuum) setting shall be 
such that the partial vacuum developed in the tank at the max
irmuu specified rate of air (or gas) inflow will not exceed the 
partial vacmuu for which the tank is required to be designed 
(see 5.10.5). 

9.3 CONSTRUCTION OF DEVICES 

Pressure- and vacuum-relieving valves shall be con
structed of materials that are not subject to excessive corro
sion for the intended service or subject to sticking at the seat 
or moving parts tmder any climatic conditions for which they 
are supplied. 

9.4 MEANS OF VENTING 

The applicable mles of Section 5.4 in API Std 2000 shall 
govem. 

9.5 LIQUID RELIEF VALVES 

A tank, which is likely to operate completely filled with 
liquid, shall be equipped with one or more liquid relief valves 
at the top of the roof, unless otherwise protected against over-
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pressure. When such valves are, in effect, supplementary 
relief devices, they may be set at a pressure not greater than 
1.25 times the maximtuu allowable working pressure. 
Because the relief valve at the PlUUP, which provides the 
inflow of liquid to the tank, is set at a pressure greater than 
1.25 times the maximum allowable working pressure of any 
tank that may be built tmder these mles, provision should be 
made for preventing overfilling of the tank by a self-closing 
float valve, by some practicable pilot-valve control, or by any 
other proven device. 

9.6 MARKING 

9.6.1 Safety and Relief Valves 

9.6.1.1 Each safety and relief valve 'l2-in. pipe size and 
larger shall be plainly marked by the manluacturer with the 
required data in such a way that the marking will not be oblit
erated in service. Smaller valves are exempted from marking 
requirements. The marking may be placed on the valve or on 
a plate or plates securely fastened to the valve. Valves may be 
marked with the reqlLired data stamped, etched, impressed, or 
cast on the valve or nameplate. The marking shall include the 
following: 

a. Name or identifying trademark of the manufacturer. 
b. Manufacturer's design or type number. 
c. Size of valve (pipe size of the valve inlet). 
d. Set pressure, in Ibf/in.2 gauge. 
e. Full open pressure, in Ibf/in.2 gauge. 
f. Capacity of valve, in ft3 or air38 per minute (60°F and 14.7 
Ibf7in.2 absolute). See 9.6.1.2. 

9.6.1.2 In many installations of tanks constructed accord
ing to these niles, the safety- or relief-valve inlet pressure is so 
low in relation to the outlet pressure that valve capacities pre
dicted on acoustic velocity of flow through the discharge area 
of the valve (the usual basis for establishing safety-valve rat
ings) are not attainable. For valves that handle light hydrocar
bons or vapors, the condition described will exist if the ratio 
of the absolute pressure at the valve outlet to the absolute 
pressure at the valve inlet (set pressure in Ihf/in.2 gauge times 
1.10, plus atmospheric pressure) exceeds a value of approxi
mately 0.6: in such cases, fonnulas of the type given in Sec
tion VIII, Appendix 11, of the ASME Code are not 
appropriate for computing safety- orrelief-valve capacity con
versions. Where this condition exists, the valve manufacturer 
should be consulted concerning the size of the valve or valves 
required for the desired capacity in terms of the specific gas or 
vapor to be handled, the set pressure to be employed, and the 

38 111 addition, the manufacturer may indicate the corresponding 
capaci ty in other fluids. 
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pressure to be imposed on the outlet of the valve. If atmo
spheric pressure in the locality where the valve is to be used 
differs materially from 14.7 Ibflin.2 absolute, its normal value 
should be given in the inquiry to the manufacturer. 

9.6.2 Liquid Relief Valves 

Each liquid relief valve shall be marked with the following 
data: 

a. Name or identifying trademark ofthe manufacturer. 
b. Manufacturer's design or type number. 
c. Size of valve, in in. (pipe size of inlet). 
d. Set pressure, inlbf/in.2 gauge. 
e. Full open pressure, in lbf/in.2 gauge. 
f. Relieving capacity, in ft3 of water (see Footnote 16) per 
minute at 70°F. 

9.7 PRESSURE SETTING OF SAFETY DEVICES 

9.7.1 Except as provided in 9.5 for certain liquid relief 
valves, the pressure setting of a pressure-relieving device 
shall in no case exceed the maximum pressure that can exist 
at the level where the device is located when the pressure at 
the top of the tank equals the nominal pressure rating for the 
tank (see 5.3.1) and the liquid contained in the tank is at the 
maximum design level. 

9.7.2 VacUlLm-relieving devices shall be set to open at such 
a pressure or partial vacuum that the partial vacuum in the 
tank cannot exceed that for which the tank is designed when 
the inflow of air (or other gas or vapor) through the device is 
at its maxirmun specified rate. 



APPENDIX A-TECHNICAL INQUIRY RESPONSES 

A.1 Introduction 

API will consider written requests for interpretations of 
Std 620. API staff will make such interpretations in writing 
after consulting, if necessary, with the appropriate committee 
officers and committee members. The API committee respon
sible for maintaining APT Std 620 meets regularly to consider 
written requests for interpretations and revisions and to 
develop new criteria as dictated by technological develop
ment. The committee's activities in this regard are limited 
strictly to interpretations of the standard and to the consider
ation of revisions to the present standard on the basis of new 
data or teclmology. As a matter of policy, API does not 
approve, certify, rate, or endorse any item, construction, pro
prietary device, or activity, and accordingly, inquiries that 
require such consideration will be returned. Moreover, API 
does not act as a consultant on specific engineering problems 
or on the general wlderstanding or application of the stan
dard. If it is the opinion of the committee, based on the 
inquiry information submitted, that the inquirer should seek 
other assistance, the inquiry will be returned with the recom
mendation that such assistance be obtained. All inquiries that 
do not provide the information needed for the committee's 
fiililillderstanding will be retmned. 

A.2 Inquiry Format 

A.2.1 Inquiries shall be limited strictly to requests for inter
pretation of the standard or to the consideration of revisions 
to the standard on the basis of new data or technology. rnquir-
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ies shall be submitted in the format described ill A.2.2. 
through A.2.5. 

A.2.2 The scope of an inquiry shall be limited to a single 
subject or a group of closely related subjects. An inquiry con
cerning two or more wrrelated subjects will be retLlrned. 

A.2.3 An inquiry shall start with a background section that 
states the purpose of the inquiry, which would be either to 
obtain an interpretation of the standard or to propose a revi
sion to the standard. The background section shall concisely 
provide the information needed for the committee's under
standing of the inqltiry (with sketches as necessary) and shall 
cite the applicable edition, revision, paragraphs, figures, and 
tables. 

A.2.4 After the background section, an inquiry's main sec
tion shall state the inquiry as a condensed, precise question, 
omitting superfluous backgrOlmd information and, where 
appropriate, posing the question so that the reply could take 
the form of "yes" or "no" (perhaps with provisos). This 
inquiry statement should be technically and editorially cor
rect. If the inquirer believes a revision to the standard is 
needed, recommended wording shall be suggested. 

A.2.S The inquirer shall include his name and mailing 
address. The inquiry should be typed; however, legible hand
written inquiries will be considered. Inquiries should be sub
mitted to the director of the Standards Department, American 
Petrolewn Institute, 1220 L Street, N. w., Washington, D.C. 
20005-4070. standards@api.org 
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Following are selected responses to requests for interpretation API Std 620 requirements. A more extensive listing ofinterpre
tations can be found on the API website at http://api-ep.api.org tmder the "Committees/Standards Development" section. Addi
tional information on technical inquiries can be found in Appendix A. 

SECTION 1.2 COVERAGE 

620-1-10/00 

Question 1: Does 1.2.1 prevent tanks with umbrella roofs and eccentric cones, from being marked as being in accordance with 
API Std 620? 

Reply 1: No. 

Question 2: Does 1.2.1 prevent tanks with fiat bottoms from having a slope? 

Reply 2: No. 

SECTION 1.3 LIMITATIONS 

620-1-04/98 

Question: Can the nues in API Std 620 and API Std 650 be combined to design a tank? 

Reply: No, unless so stated in either document for specific applications. 

TABLE 4-1 MINIMUM REQUIREMENTS FOR PLATE SPECIFICATIONS TO BE USED FOR DESIGN METAL 
TEMPERATURES 

620-1-06/00 

Question 1: Referring to AP[ Std 620, is it pennissible to utilize plate materials at a design metal temperature and thickness 
combination which are outside the limits contained in Table 4-1 if impact testing is perfonned? 

Reply 1: No. 

Question 2: Does API Std 620 allow impact testing to be performed in lieu of normalizing for combinations of plate material 
grade, thickness and design metal temperature that require nonnalizing? 

Reply 2: No. 

Question 3: May impact testing be utilized in lieu of normalizing for plate materials where Table 4-1 of API Std 620 and the 
ASTM specification require normalizing e.g., A 516 with thickness greater than 1'/2 in.? 

Reply 3: No. 

SECTION 5 DESIGN 

620-1-03/01 

Question: Does API Std 620 contain any weld spacing requirements for fillet welds? 

Reply: The API committee responsible for this standard has created an agenda item to address this issue. Any changes 
resulting from this agenda item will appear in a future edition or addendum to API Std 620. 

SECTION 5.9 PROCEDURE FOR DESIGNING TANK WALLS 

620-[-04/98 

Question: Does API Std 620 have a minimtUfl thickness for the bottom of a fiat bottom tank? 

Reply: Yes, see 5.9.4.2 andQ.3.4.7. 
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SECTION 5.12 DESIGN OF ROOF AND BOTTOM KNUCKLE REGIONS AND COMPRESSION·RING GIRDERS 

620-1-02/00 

Question 1: Item (c) of API Std 620, 5.12.5.2 states if the compression area required is not provided in the compression-ring 
region with minimLUn thickness plates, then the additional required compression area provided in the composite 
comer compression region should ideally lie in the horizontal plane of the corner fonned by the two members. In 
no case shall the centroid be off the plane by more than 1.5 times the average thickness of the two members inter
secting at the comer. 

Does this mean that the horizontal centroid of the additional angle excluding the effective shell (Wh) and roof 
(W c) as per Fig. 5-6 detail a, b, c, d, h and i, or the horizontal centroid of the total cross-sectional of composite cor
ner compression region lies ideally in the horizontal plane of the comer formed by two members? In addition, 
shall the centroid of the composite comer compression region not be off the horizontal plane by more than 1.5 
times the average thickness of the shell (tc) and roof (th) or of the two members of any additional angle? 

Reply 1: The horizontal centroid of the total cross-sectional area of the composite corner compression region shall not be 
off the horizontal plane formed by the intersection of shell and roof by more than 1.5 times the average thickness 
of the shell (tc) and roof (th). If an angle is welded to the top of the shell and the roof attaches to the angle, than tc 
shall be equal to the thickness of the angle and the comer is the intersection of the angle and the roof. 

Question 2: Is it required to use a top angle for tanks designed per API Std 620 and API Std 650, F.7.2 and F.7 3 for the case 
where the effective area of shell and roof can resist the Q-force and the horizontal projection of Wh is at least 
O.015Rc according to API Std 620, 5.12.5.2? 

Reply 2: No. 

SECTION 5.15 INSPECTION OPENINGS 

620-1-05/01 

Question: Does 5.15, pennit the two openings to be one opening in the roof and one opening at the bottom of the side wall? 

Reply: Yes. API Std 620 does not stipulate the location of the two openings. 

SECTION 5.17 REINFORCEMENT OF MULTIPLE OPENINGS 

620-1-03/01 

Question: Does 5.17.1 b require the spacing between a fillet weld and the shell plate fillet weld be spaced some specified dis
tance apart? 

Reply: The API committee responsible for this standard has issued an agenda to address this issue. Any changes resulting 
from this agenda item will appear in a future edition or addendum to API Std 620. 

SECTION 5.26 RADIOGRAPHY 

620-1-03/98 

Question: Does API Std 620 require full radiography of a butt-welded tank wall when the wall thickness is designed using a 
joint efficiency of 1.0, for a) the case of wall thickness, t, greater than 11/4 in. and St greater than 0.1 Ts, b) the case 
of t less than or equal to 11/4 in. and St greater than 0.1 Ts, and c) the case of t greater than 11/4 in. and S t less than 
0.1 Ts? 

Reply: a) Yes, full radiography is required, because a joint efficiency of 1.0 is being used, and, per 3.26.2, both the thick
ness and stress level requirements are met. 

b) Full radiography is required, because the joint efficiency of 1.0 is being Llsed, per Table 5-2. Otherwise, spot 
radiography could be used, per Table 5-2 and 5.26.2. 

c) Full radiography is required because the joint efficiency of 1.0 is being Llsed, per Table 5-2. Otherwise, spot 
radiography could be used, per Table 5-2 and 5.26.2. 



A-4 API STANDARD 620 

620-1-02/01 

Question: Does 5.26.3.2 require that the butt joints of the dome steel roof compression ring be radiographed? 

Reply: Yes, unless exempted by 5.26.2. 

FIGURE 5-6 PERMISSIBLE AND NON PERMISSIBLE DETAILS OF CONSTRUCTION FOR A 
COMPRESSION-RING REGION 

620-I-11100 

Question: Is the width of lap of the roof panels, onto or beneath the compression ring plate, prescribed in Figure 5-6 Details 
e, f, f-1, and g? 

Reply: No. See 5.22.1.5. 

620-[-12/00 

Question: May the lap welds of the roof panels, onto or beneath the compression ring plate, prescribed in Figure 5-6, Details 
e, f, f-l, and d be double-lap welds or single-lap welds if the appropriate joint efficiency and inspection are 
applied? 

Reply: Yes. 

620-1-13100 

Question: May the roof be butt-welded to the compression ring as an alternative to the lap weld shown in Figure 5-6, Details 
e, f, f-1, and g, if all requirements for circumferential butt welds are met? 

Reply: Yes. 

620-1-14/00 

Question 1: Does the expression, wh - L £ 16t, apply to Figure 5-6, Detail e as well as to Figure 5-6, Details f and f-l ? 

Reply 1: Yes. 

Question 2: Does the outward extension limitation at a maximum of 16t of the plate compression ring in Figure 5-6, Detail e 
apply as well to Figure 5-6, Details f and f-1? 

Reply 2: 

620-1-15100 

Yes. An agenda item will be issued by the committee to clarifY Figure 5-6. 

Question 1: Is the dimension, wh, of Figure 5-6, Details fand f-l, a limitation on the greatest inward physical projection that a 
plate compression ring may have? 

Reply 1: No. 

Question 2: Is the dimension, wh, of Figure 5-6, Details f and f-1, a limitation on the "effective" portion of the plate compres
sion ring that may be considered as contributing to the required cross-section area, Ac? 

Reply 2: Yes. 

Question 3: [s the dimension, wh, of Figure 5-6, Details fand f-J also applicable to Figure 5-6, Details e and g? 

Reply 3: Yes. 

620-1-16/00 

Question: Are the roof plates of Figure 5-6, Detail e not permitted to contribute to the required cross-sectional area of the 
compression region because of the lap weld between the roof and the compression-ring as stated in Section 5.12.2 
and Note 17? 

Reply: Yes. 
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MAXIMUM ALLOWABLE STRESS VALUES FOR SIMPLE TENSION 

Question 1: Can the allowable stresses for materials not covered in Table 5-1 be calculated using Footnote 2? 

Reply I: No. See Appendix B for the use of non-listed materials. 

Question 2: Can Footnote 2 in Table 5-1 be used to calculate the allowable stresses for stainless steel material? 

Reply 2: No. 
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Question 3: Can Footnote 2 in Table 5-1 be used to calculate the allowable stresses at elevated temperatures (say "t") by using 
the minimum ultimate tensile strength and the minimum yield point at the elevated temperature t? 

Reply 3: No. 

TABLE 5-2 MAXIMUM ALLOWABLE EFFICIENCIES FOR ARC-WELDED JOINTS 

620-1-13/00 

Question: API Std 620, Table 5-2 lists single welded butt joints with backing strip as having 75% basic joint efficiency. A 
spot radiographed joint is also listed at 75%. Are all single welded butt joints with permanent metallic backing 
strip not more than 1114 in. thick required to be spot radiographed as a minimum? 

Reply: Yes, however radiography is not required for E = 0.7 if nonmetallic or temporary metallic backing strips are used. 

620-I-OliO 1 

Question: Does the magnetic particle examination covered by Note 3 of Table 5-2 in API Std 620 apply to the butt weld of a 
nozzle neck to a weld neck flange? 

Reply: No. 

SECTION 6.4 FORMING SIDEWALL SECTIONS AND ROOF AND BOTTOM PLATES 

620-1-01/00 

Question: Does API Std 620 require that shell plates be rolled prior to erection to the design radius? 

Reply: No, unless forming impairs the mechanical properties. Refer to 6.4. 

SECTION 6.5 DIMENSIONAL TOLERANCES 

620-l-07/00 

Question I: Does API Std 620 address the maximum local deviation/weld distortion on a 6 mm thick bottom plate resulting 
from the full penetration butt-welds in transverse and longitudinal butts? 

Reply 1: No. 

SECTION 7.17 RADIOGRAPHIC EXAMINATION REQUIREMENTS 

620-1-02/01 

Question: If the requirements of magnetic particle testing of7 .17.1.3 are met, is additional radiographic examination of these 
joints required? 

Reply: No. 
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SECTION 8.2 DIVISION OF RESPONSIBILITY 

620-1-04/01 

Question I: Does the tenn erector, as used in API Std 620, mean the party that is responsible for field assembly will complete 
welds on the tanks during that assembly? 

Reply 1: Yes. 

Question 2: For tanks built to API Std 620 that are completely welded out in a fabricator's facility with field installation con
sisting of another company setting and anchoring without performing any welds on the tanks, does the responsi
bility for the hydrostatic test rest with the fabricator or the installer? 

Reply 2: API Std 620 covers field-erected tanks, not shop-built tanks. See Section 1.1 of API Std 620. Appendix J of APT 
Std 650 prescribes requirements for shop-built tanks, including testing and division of responsibility for same. 

APPENDIX L SEISMIC DESIGN OF STORAGE TANKS 

620-1-17/00 

Question 1: Is vertical acceleration considered in API Std 620 Appendix L. 

Reply 1: No. 

Question 2: Please advise how to consider vertical acceleration. 

Reply 2: APr does not provide consulting on specific engineering problems or on the general understanding of its standards. 
We can only provide interpretations of API Std 650 requirements or consider revisions based on new data or tech
nology. You may wish to review a procedure in AWWA 0100-96 for further infonnation. 

Question 3: If specified, should vertical earthquake be taken into consideration? 

Reply 3: Yes. 

APPENDIX Q LOW·PRESSURE STORAGE TANKS FOR LIQUEFIED HYDROCARBON GASSES 

620-1-08/98 

Question: Can Q.8.1.3 be used for tanks covered by the basic design nLles in API Std 620 but do not require the use of 
AppendixQ? 

Reply: API Std 620 does not address the use of Appendix Q materials for non-Appendix Q tanks. The committee cur
rently has an agenda item to study adding rules to pennit the use of stainless steels for tanks designed to the basic 
rules of API Std 620. Any changes resulting from this agenda item will appear in a future edition or addendum to 
API Std 620. 

620-1-04/00 

Question: With reference to Q.8.5.8, is it mandatory to carry out a solution film and vacuum box test after hydrostatic and 
pnemnatic tests have been satisfactorily completed? 

Reply: Yes. 

620-1-05/00 

Question: Can a tank containing condensate consisting of methanol and other organic compounds (methanol concentration, 
20,000 ppm, i.e. not flammable) with pressure range of ± 35 in. water colmnn and fabricated out of SA-240 Type 
3041 be built per Appendix Q? 

Reply: Yes, by agreement between the owner and the manufacturer, provided the tank is field erected. If the tank is shop 
fabricated, it should fabricated per Appendices J and S, and F.I.3. The minus 35 in. water colmnn design pressure 
is beyond the scope of both API Std 620 and 650. Additional design methods, by agreement between the owner 
and manufacturer, must be used to properly address this external pressure. 
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APPENDIX R LOW-PRESSURE STORAGE TANKS FOR REFRIGERATED PRODUCTS 

620-I-I 1/98 

Question: If a tank complies with R.7.3, parts a and b, but not with part c, is PWHT required? 

Reply: No. 

620-1-01/99 

A-7 

Question: Does Appendix R permit using the local-stress-relieving-heat-treatment method that is specified in ASME B&PV 
Code, Sect. VIII, Div.l, UW-40(a)(3) for the stress relieving of a nozzle-neck-to-shell weld that has been made in 
a shell plate that has been welded to another shell plate? 

Reply: No. The PWHT is required to be done in a furnace, to achieve uniform heat treatment. See 6.18.2. 

620-1-03/99 

Question 1: Referring to R.3.4.6, does lapping of two bottom plates on butt-welded annular plates constitute a three-plate lap 
weld? 

Reply 1: No. 

Question 2: If the answer to Question 1 is no, is there a minimum distance a two-plate lap weld must be from the butt welds in 
an atmular plate? 

Reply 2: No. 

620-1-04/00 

Question: If vacumn box testing per Q.8.5.8 is a matldatory requirement, then why is the solution film and vacuum box test 
not referenced in API Std 620, or for tanks designed and constmcted to Appendix R? 

Reply: The committee currently has an agenda item to study these sections for a possible conflict. Any changes resulting 
from this agenda item will appear in a future addendum to API Std 620. 





APPENDIX B-USE OF MATERIALS THAT ARE NOT IDENTIFIED 
WITH LISTED SPECIFICATIONS 

B.1 General 

Plates and lengths of seamless or welded pipe that are not 
completely identified with any listed specification may, lUlder 
the conditions described in B.2 through B.7, be used in the 
construction of tanks covered by this standard. Whenever the 
term listed specifications appears in this appendix, it shall 
refer to a material specification that is listed as being 
approved for this standard. 

B.2 Materials with Authentic Test Records 

[f an authentic test record for each heat or heat-treating lot 
of material is available that proves it to have chemical 
requirements and mechanical properties within the permissi
ble range of an ASTM specification listed in this standard, the 
material may be used. If the test requirements of the listed 
specification are more restrictive than any of the specifica
tions or authentic tests that have been reported for the mate
rial, the more restrictive tests shall be made in accordance 
with the requirements of a comparative listed specification, 
and the results shall be submitted to the purchaser for 
approval. 

B.3 Materials without Authentic Test 
Records 

[f an authentic test record is not available or if all of the 
material cannot be positively identified with the test record by 
legible stamping or marking, the material shall be tested as 
described in 8.3.1 and B.3.2. 

B.3.1 PLATE 

Each plate shall be subjected to the chemical check anal
ysis and physical tests required in the designated specifica
tion, with the following modifications: The carbon and 
manganese coments shall be detennined in all check analy
ses. The purchaser shall decide whether these contents are 
acceptable when the designated specification does not spec
ifY carbon and manganese limits. When the direction of roll
ing is not definitely known, two tension specimens shall be 
taken at right angles to each other to form a corner of each 
plate, and one tension specimen shall meet the specification 
requirements. 
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B.3.2 PIPE 

Each length of pipe shall be subjected to a chemical check 
analysis and physical tests which satisfY the purchaser that all 
of the material is properly identified with a given heat or heat
treatment lot and that the chemical and physical requirements 
of the designated specification are compiled with. Material 
specified as suitable for welding, cold bending, close coiling, 
and so forth shall be given check tests which satisfY the pur
chaser that each length of material is suitable for the fabrica
tion procedure to be used. 

B.4 Marking of Identified Material 

After material has been properly identified with a desig
nated specification and the purchaser has been satisfied that 
the material complies with the specification in all respects, 
the testing agency shall stencil or otherwise mark, as per
mitted by the material specification, a serial S-l1umber on 
each plate or each length of pipe (or as alternately provided 
for small sizes in the specification) in the presence of the 
purchaser. 

B.5 Report on Tests of Non-Identified 
Materials 

Suitable report fonns that are clearly marked as being a 
report on tests of non identified materials shall be furnished 
by the tank manufacturer or testing agency, properly filled 
out, certified by the testing agency, and approved by the 
purchaser. 

B.6 Acceptance or Rejection 

The purchaser shall have the right to accept or reject the 
testing agency or the test results. 

B.7 Requirements for Fabrication 

The requirements for fabrication that are applicable to the 
designated specification to which the nonidentified material 
corresponds shall be followed, and the allowable design stress 
values shall be those specified elsewhere in this standard for 
that corresponding specification. 





APPENDIX C-SUGGESTED PRACTICE REGARDING FOUNDATIONS 

C.1 Introduction 

The practices suggested in this section are intended only to 
supply information to those who are not fully conversant with 
the fOlmdation problems of important structures. These prac
tices are in no sense to be taken literally in providing the best 
design for any particular site. 

The experienced judgment of a competent engineer is 
needed to pass on any but well-proven sites in any locality, 
barring only the possibility of spot variations. For this reason, 
the minimum checks of sub grade included in this section will 
usually prove worthwhile. Such checks may even be superflu
ous when a qualified geologist has passed on the general area 
or where the measured settlement of existing structures 
arOlmd the proposed sites, which produce a similar type of 
loading, confirms the load-bearing capacity to be selected. 

No set of rules can cover all possible combinations of sub
grade loading conditions. Types of subgrade structures and 
the final design of the finished installation may be affected by 
grOlmdwater or local climatic changes. 

Many large vertical storage tanks have been built with 
cylindrical shells and flat bottoms that rest directly on simply 
prepared sub grade. In the case of unequal settlement, a relev
eling of the tank and sub grade has forestalled failure. How
ever, for tanks that have formed bottom plates, such as may 
be built according to this standard, Lmiformity of support and 
avoidance of excessive settlement are much more important 
than they are in the case of flat-bottom, vertical storage tanks. 
Hence, sites for erection oftanks constructed according to the 
rules of this standard shall be chosen only after carefill con
sideration and evaluation of the bearing properties of the soil 
at the locations involved. 

C.2 General 

For a low-pressure tank in the large sizes covered by this 
standard, the nature of the subgrade can be of prime impor
tance. Many industrial plants that require such storage are 
located near large streams, where the areas to be built on are 
alluvial deposits. These deposits are usually interspersed with 
gravel and sand, all affected by previous changes in the 
course of the stream, so that both the character and depth of 
the composite layers have no uniformity. The recommenda
tions made in this section will therefore omit any reference to 
rock or even shales and hardpan (cemented gravel) for direct 
support of masonry footings. Long-standing practices for 
such conditions are well known. 

For large tanks that will rest on or near grade level, proper 
grade preparation can have an important bearing on bottom 
corrosion. Tanks erected on poorly drained grades in direct 
contact with corrosive soils or on heterogeneous mixtures of 
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different types of soils are subject to electrolytic attack on the 
bottom side. 

Assuming that soil-bearing conditions have been deter
mined to be adequate, the simplest form of foundation is a 
sand pad laid directly on the earth. All loam or organic mate
rial shall be removed and replaced with suitable well com
pacted material. Often a satisfactory fill material is available 
at the site. If not, bank run gravel is excellent and is readily 
compacted. 

The grade for the tank shall be elevated slightly above the 
surrOlmding terrain to ensure complete drainage from beneath 
the entire bottom of the tank. Sufficient berm shall be pro
vided to prevent washing away and weathering under the tank 
bottom. The berm width shall be at least 5 ft. Weathering can 
be minimized if the berm is subsequently protected with trap 
rock, gravel, or an asphaltic flashing. 

The nature of predictable settlement may determine the 
choice of the kind of support for large field-assembled tanks 
that rest directly on a prepared grade, sometimes retained 
within curb walls, as well as for those tanks that shall be sup
ported on ring walls, pedestals and columns, skirts, or ring 
girders. 

Except in the case of tanks fOLmded on solid rock, hard
pan, or similar substances, some amOlmt of settlement is 
bOlmd to take place. Every reasonable precaution shall be 
taken to ensure that the settlement will be kept to an accept
able minimum and that any settlement which does occur will 
be as lmiform as possible. Large, and perhaps even moderate, 
irregularities in settlement may lead to an Lmbalancing of the 
loading conditions assumed in the design and possibly to seri
ous distortion of important elements of the tank. 

For those locations where the use of piling is the only log
ical procedure, the piling design factors would be well known 
to the engineer charged with making the decision for the con
tractor or owner. Competent guidance may be needed in 
choosing between a pile that depends on skin friction alone or 
mainly on end bearing with small credit for lateral support in 
combination with skin friction for part of the length. 

C.3 Design 

The designer of these large tanks shall supply the data on 
superimposed loadings to be assumed for the fOlmdation 
design or, if there are no fOLmdations, for direct loading on the 
subgrade. A slab or mat may be provided to support the 
superstructure and shall be considered to distribute the load 
more evenly over a lower natural sub grade compared with 
merely stripping, leveling, and rolling the existing grade. 

FOLmdations and subgrade shall safely carry the weight of 
the tank and its contents when the tank is filled with water to 
the highest level required for a hydrostatic test or other water-
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loading operations, even though the tank itself may be 
designed for some lesser density of liquid. However, in cases 
where the character of the soil justifies it and a competent soil 
expert advises it, allowance may be made for the relatively 
short duration and intermittent nature of the water loadings if 
suitable account is taken of all such loadings that may be 
expected to occur during the life of the tank, including not 
only those loadings that are incidental to periodic repetitions 
of the hydrostatic test in accordance with 7.18 but also water
filling operations for gas-freeing purposes. 

For simple spheroids or tanks of similar design, in which 
the distribution of the imposed weights shifts because the liq
uid level in combination with the vapor pressure may change 
the shape ofthe tank, the designer shall consider the possibil
ity of such a change. 

C.4 Soil-Bearing Values 

The bearing values selected shall be conservative on the 
assumption that suitable field tests will be made if borings or 
test pits, or both, do not give satisfactory information on the 
depth required. 

Determination of the allowable maximum soil-bearing 
value shall be the responsibility of the purchaser. 

C.5 Investigation of Subgrade 

On actual tank sites to be used, test borings or test pits, or 
both, may be made at the direction of a competent engineer 
who will specify the number and location. They need not be 
equally spaced but should be laid out to lillcover possible 
weak spots. 

Test borings, where required, shall be carried to sufficient 
depths to disclose any deep-lying soft or insufficiently con
solidated strata beneath the surface. ff such strata is discov
ered, its effects on the bearing properties at the surface of the 
grade shall be carefully evaluated, giving due consideration to 
the loaded-area size effect of the total area loaded by the tank. 

In general, test loadings of sub grade at the bottom of test 
pits need be resorted to only when such heavy loading as may 
be imposed by footings for major colwnn supports for 
spheres or similarly elevated low-pressure tanks is specified. 
Results may be deceptive if average load-bearing capacity 
over a considerable area is wanted. All field data shall be 
recorded with maps, and copies shall be supplied to all engi
neers concerned with design, erection, and later operation. 

C.6 Minimum Depth of Footings 

The depth of the bottom offootings shall be determined by 
local subgrade conditions. The base of these footings shall be 
placed below the expected frost line, away from any nearby 
excavations, and below any nearby sewers or piping which, if 
leaky, could cause serious impainnent of the foundation. 

C.7 Concrete in Foundations 

ACl Standard 318 shall govern the design of all concrete 
and the specifications for the cement, the aggregate, and the 
mixing and placing thereof, unless otherwise specified in the 
contract. 

C.B Installation of Foundations 

C.S.1 Except for what is standard practice to be specified 
on the plans, the limitations described in e.8.2 through e.8.7 
are suggested. 

C.S.2 The lowest footing course shall be bedded directly 
against the sides of the excavation when the sides are self
supporting. Before the concrete is poured, adjacent dry soils 
shall be thoroughly moistened by sprinkling with water. Like
wise, all loose material from cave-in, plus any soft rain
soaked soil, shall be removed from the bottom of the excava
tion. 

C.S.3 The tops of all concrete slabs or mats shall be at least 
6 in. above the final grade to be provided, and the tops of the 
pedestals and other foundations to support steelwork shall be 
at least 12 in. above the final grade or any mats or paving sur
faces, if built adjacent. 

C.S.4 The tops of foundations shall be large enough to 
project at least 3 in. outside of any steel baseplates of the 
superstructure. 

C.B.S The exposed surfaces, other than the tops of concrete 
pedestal and wall fOlmdations, shall be smooth finished down 
to 6 in. below the proposed final grade. Any small holes left in 
the faces of pedestals, down to the first footing top, shall be 
troweled over with 1:3 mortar as soon as possible after forms 
have been removed. 

C.S.6 Under column-type superstructures, base plates shall 
be provided, and allowance shall be made for 1-in. minimum 
grout. 

C.S.7 Concrete ring walls or slab fOlmdations for flat-bot
tom tanks, where the fOlilldations specified are nominally 
true to the horizontal plane, shall be level within ± 1/8 in. in 
any 30 ft of circumference and within ± 1/4 in. in the total cir
cumference measured from the average elevation. 

C.9 Anchorage 

C.9.1 Anchor bolts or straps and reinforcing steel for fOlm
dations may be supplied by the contractor or purchaser, as 
specified in the contract. 

C.10 Backfill and Grading 

All backfill arOlmd and over foundations shall be carefully 
deposited and rammed where it is next to concrete. No water 
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streams shall be used to compact the backfill, except where 
no clay is present and quick drainage is assured by the gen
eral contOLLTs. Bulldozers, scrapers, and crane-bucket dis
charge may be used if they are kept completely clear of the 
pedestals and walls. 

If special adverse conditions are met, a fOlmdation engi
neer shall be consulted regarding compaction control. 

Particular attention shall be given to sLLTface regrading 
around the finished stmcture to pennit efficient erection of the 
superstruchlre and to provide proper drainage that is consis
tent with the records of local weather conditions. 

The finished grade under a flat-bottom tank shall be 
crowned from the periphery to the center. A slope of l in. in 
lOft is suggested as a minimum. This crown will partly com
pensate for slight settlement, which is likely to be greater at 
the center; it will also aid in draining and cleaning the tank. 

C.11 Inspection During the Hydrostatic 
Test 

As a final check on the adequacy of the foundations and 
subgrade, the purchaser shall take level readings with sur
veyor's instruments around the entire periphery of the tank 
before water is introduced into the tank for the hydrostatic 
test. The readings shall be continued at reasonable intervals 
during the entire filling operation and shall be plotted 
promptly in suitable form to indicate whether any tmdue or 
uneven settlement is occurring. The results of these observa-

tions shall be reported to the tank erector and the purchaser's 
engineering representative. If at any time any questionable 
amount or rate of settlement does OCCLLT, further filling of the 
tank shall be stopped until a decision is reached as to what, if 
any, corrective measures are needed. Reference points on a 
tank or its foundations for use in making such observations 
shall be selected with care to ensure that the readings accu
rately reflect settlement of the subgrade and are not affected 
by possible changes in the shape of the tank walls. 

If a minor amOlmt of settlement is observed during the 
course of the filling operation and still continues after a tank 
is filled to the highest level required in the hydrostatic test, the 
water level in the tank shall not be lowered until further settle
ment has substantially ceased or a decision is reached that it 
might be lillsafe to hold the water at that level any longer. 

In no event, however, shall the water test be used as a 
planned means of soil compaction. 

C.12 References 

1. Standard/or Welded Steel Elevated Tank, Standpipes, and 
Reservoirs of Water Storage, AWS-AWWA DS.2. 

2. "Oil Storage Tank FOlilldations," 7echnical Bulletin, Chi
cago Bridge and Iron Co., March 1951. 

3. K. Terzaghi and R.B. Peck, Soil Mechanics in Engineering 
Practice, John Wiley and Sons, Inc., New York, 1948. 





APPENDIX D-SUGGESTED PRACTICE REGARDING 
SUPPORTING STRUCTURES 

D.1 General 

When a tank is supported on columns, a supporting ring or 
skirt, brackets, or comparable members, it will have concen
trated loads imposed on its walls in the region where the sup
ports are attached. When tanks of certain shapes are subject to 
internal pressure, secondary stresses may exist in the wall 
adjacent to the attachment of such supports that are lower 
than when the tank is filled with liquid before any pressure is 
imposed other than that caused by the static head. Methods 
for calculating the forces involved are not given in this stan
dard because they involve so many variables that depend on 
the size, shape, and wei ght of the tank; the temperature of ser
vice; the internal pressure; the arrangement of the supporting 
stmcture; and the piping attached to the tank as installed. 

D.2 Details of Supporting Structures 

0.2.1 The details of supports shall conform to good stmc
tural practice, bearing in mind the considerations described in 
D.2.2 through D.2.5 (see 5.13 and the Manual a/Steel Can
stnlctian ). 

0.2.2 All supports shall be designed to prevent excessive 
localized stresses by temperature changes in the tank or 
deformations produced by variations in the pressure and liq-
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uid-level conditions within the tank. Any arrangement of the 
stmcture that does not permit a reasonably free expansion and 
contraction of the tank walls will tend to weaken the tank. 

D.2.3 External stays and ring girders or certain internal 
framing may exert a stiffening effect on the tank wall where 
exterior supporting members of the tank are to be attached. 
This stiffening effect may be beneficial or harmful, depending 
on the operating temperature and the location of the stiffening 
members. 

D.2.4 fn many cases it is preferable to Lise details that per
mit continuous welds which extend completely around the 
periphery of the attachment and avoid intermittent or dead
end welds at which there may be local stress concentration. A 
thicker wall plate at the support may serve to reduce second
ary stresses, and if desired, a complete ring of thicker wall 
plates may be installed. 

0.2.5 When forces acting on a tank wall at the attachment 
areas for supports of any kind can produce high bending 
stresses, and thicker wall plates do not seem appropriate, an 
oval or circular reinforcing plate may be used. The attach
ment of such reinforcing plates shall be designed to minimize 
flexing of the plate under forces nonnal to the surface of the 
tank wall. 





APPENDIX E-SUGGESTED PRACTICE REGARDING ATTACHED STRUCTURES 
(INTERNAL AND EXTERNAL) 

E.1 General 

Some tanks constmcted according to the mles of this stan
dard may have internal structural bracing. Should these or 
their attachments fail, severe damage to the tank would result. 
The designer shall keep this possible hazard in mind and shall 
design such members and their attachments with sufficient 
strength and due allowance for corrosion. 

E.2 Cautionary Suggestions 

E.2.1 Cautionary suggestions, which shall be considered in 
the design of internal and external structures, are described in 
E.2.2 through E.2.5. 

E.2.2 Where the stmctures are connected to the tank wall, 
details shall be provided that will prevent excessive local
ized tensile stress outward from the wall face because of the 
connection. 
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E.2.3 Ifplatfonns or stairways have separate supports, they 
shall preferably rest on top of the supports instead of hanging 
by bolts or rods. 

E.2.4 If corrosion is expected, additional metal shall be 
provided. The corrosion allowance does not have to be the 
same as in the tank wall ifthe supports and structures can be 
readily and economically replaced without replacing the 
entire tank. 

E.2.5 Corrosion-resistant metals may be used in the fabri
cation of the stmctural supports, but whenever the supports 
are attached by welding, the parts joined shall be weldable. 
These welds shall not introduce any objectionable conditions 
at or near the attachment, including hard or brittle zones, or 
both, or differences in electrical potential that might result in 
electrolytic corrosion. 





APPENDIX F-EXAMPLES ILLUSTRATING APPLICATION OF RULES TO 
VARIOUS DESIGN PROBLEMS 

F.1 Determination of Allowable Stress 
Values for Biaxial Tension and 
Compression 

F.1.1 EXAMPLE 1 

F.1.1.1 Given Conditions 

In this example, an area of tank wall is constructed of 
ASTM A 131, Grade B, steel plate that is 3/4 in. thick and has 
fully radiographed, double-welded butt joints. The wall is 
subject to tension in a latitudinal direction and to compression 
in a meridional direction. The values of RI and R2 at the point 
under consideration are 60 in. and 315 in., respectively. A 
corrosion allowance of 1/16 in. is required. The computed 
(meridional) compressive stress, Sm in the net thickness after 
deduction of the corrosion allowance is 3400 Ibf/in.2. 

F.1.1.2 Problem 

The problem is this example is to find the maximum allow
able (latitudinal) tensile stress value for the given conditions, 
in confonnance with the provisions of 5.5.3.3. 

F.1.1.3 Solution 

Since the compressive stress is meridional, the governing 
value of R in this situation is R2, or 315 in. Then, 

t-c = 0.75-0.0625 = 000218 
R 315 . 

Figure 5-1 shall be entered in the text at a value of (I - c)/ R 
= 0.002 18. The ordinate shall be proceeded along vertically 
from this point to its intersection with the horizontal line for 
Sc = 3400 Ibf/in.2, and the value of N should be read at this 
intersection. In the case tmder consideration, N = 0.867. As 
detennined from Table 5-1, the maxirmnn allowable tensile 
stress value, SfS, for ASTM A 131, Grade B, Steel plate in 
simple tension is 16,000 Ibf/in.2. Therefore, the maximmn 
allowable tensile stress, Sfa, for the conditions cited in this 
example is as follows: 

(0.867) (16,000) 

13,870Ibflin.2 

An efficiency factor need not be applied to this value 
because E for fully radiographed, double-welded butt joints 
exceeds the value of N as determined in the foregoing proce
dure. However, if the joints were spot radiographed-not fully 
radiographed-butt joints, E would have a value of only 85%. 
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In this case, the net allowable tensile stress, ESts, would be 
only 0.85 x 16,000 = l3,600 Ibf/in.2 detennined from Figure 
5-1, would govern. 

Alternatively, Sfa could be detennined by entering the com
puted value of M in Figure F-I and obtaining the allowable 
coexistent value of N. For this particular example, the value 
of Scs would be 15,000 Ibflin.2. Hence, 

M = Sec = 3,400 = 0 227 
Scs 15,000 . 

Note: An initial check shall be made to assure that the actual com
pressive stress, SCC1 equaling 3400 Ibli'in2 does not exceed 
1,800,000 [(t ~ c)/R], which is calculated as follows: 1,800,000 X 

0.00218 = 3920 Ibf/in.2. 

Entering this value of M in Figure F-l obtains the value N 
= 0.867. Therefore, 

(0.867) (16,000) 

l3,870 Ibf/in.2 

F.1.2 EXAMPLE 2 

F.1.2.1 Given Conditions 

In this example, the area of tank wall used is of the same 
construction, material, and geometry as that described in 
F.1.1.1 except that the thickness of the plate is 9/ 16 in. The 
wall is stressed in the same marmer as is described in F.I.I.I. 
A corrosion allowance of 1/16 in. is reqlUred. The computed 
(meridional) compressive stress, Sm in the net thickness after 
deduction of the corrosion allowance is 4600 Ibf/in.2. 

F.1.2.2 Problem 

The problem in this example is to find the maxumnn allow
able (latitudinal) tensile stress value for the given conditions, 
Ul confonnance with the provisions of5.5.3.3. 

F.1.2.3 Solution 

Since the compressive stress is meridional, the governing 
value of R in tlus situation is Rz, or 315 in. Then, 

1- c = 0.5625 - 0.0625 = 0.00158 
R 315 

Figure 5-1 shall be entered in the text at a value of (I - c)/ R 
= 0.00158. The ordinate shall be proceeded along vertically 
from this point, noting that this line intersects the IUle with 
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N (s/St.'). 
s, tensile stress, in pounds per square inch, at the point under consideration. 

S,s maximum allowable stress tor simple tension, in pounds per square inch, as given in Table 5-1. 

M (s/Scs)' 
Sc compressive stress, in pounds per square inch, at the point under consideration. 

Scs maximum allowable longitudinal compressive stress, in pounds per square inch, for a 
cylindrical wall acted upon by an axial load with neither a tensile nor a compressive force 
act ing concurrently ina circumferential direction. 

Figure F-1-Reduction of DeSign Stresses Required to Allow for Biaxial Stress of the OppOSite Sign 

the value Sc = 4600 Ibflin.2 on the chart to the left ofline O-A 
and that an extrapolation of the N curves would be required to 
detennine the value of N. Since such an extension or extrapo
lation ofthe N curves is not pennissible, no coexistent tensile 
stress is pennissible under the conditions cited in this exam
ple. In fact, the compressive stress of 4600 Ibf/in.2 greatly 
exceeds the allowable stress, Scs, of 2840 Ibflin.2 for simple 
compression for the thickness-to-radius ratio involved. Con
sequently, either the thickness must be increased or the shape 
of the wall must be changed. 

F.1.3 EXAMPLE 3 

F.1.3.1 Given Conditions 

In this example, an area of tank wall is constructed of 
ASTM A 285, Grade C, steel plate that is 5/8-in. thick and has 
spot-radiographed, double-welded butt joints. The wall is 
subject to tension in a meridional direction and to compres
sion in a latitudinal direction. The values of R I and R2 at the 
point under consideration are 75 in. and 300 in. respectively. 
A corrosion allowance of 1/16 in. is required. The computed 
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(meridional) tensile stress, Sic, in the net thickness after 
deduction of the corrosion allowance is 6000 Ibf/in.2. 

F.1.3.2 Problem 

The problem in this example is to find the maximum 
allowable (latitudinal) compressive stress value for the given 
conditions, in conformance with the provisions of 5.5.4.5. 

F.1.3.3 Solution 

As determined from Table 5-1, the maximum allowable 
tensile stress value, SIS, for ASTM A 285, Grade C, steel plate 
in simple tension is 16,500 Ibf/in.2. Since the compressive 
stress is latitudinal, the governing value of R in this situation 
is R[, or 75 in. Then, 

t~c = 0.626;5°.0625 
= 0.0075 

The value N = Sic/SIS = 6000116,500 = 0.364 shall be com
puted. The (t - c)/R value of 0.0075 in Figure 5-1 shall be 
entered in the text, and the ordinate shall be proceeded along 
vertically at this value until it intersects with an N curve that 
represents the value N = 0.364; proceeding horizontally from 
this point to the left-side ordinate scale, the value Sc = 11,500 
Ibflin.2 should be read. In this case, the value represents the 
allowable compressive stress, Sea. 

Alternatively, Sea could be determined by entering the 
computed value N = 0.364 in Figure F-l and obtaining the 
corresponding allowable value M = 0.767. The allowable 
compressive stress, Sea, could be calculated by substituting 
this value of M in the equation Sea = 15,000M. Thus, Sca = 

15,000 X 0.767 = 11,500 Ibf/in.2. 

Note: A check shall be made to ensure that the compressive stress 
does not exceed 1,800,000 [(t - c)/R] which is calculated as follows: 
1,800,000 x 0.0075 = 13,500 lbli'in2 . 

F.1.4 EXAMPLE 4 

F.1.4.1 Given Conditions 

Tn this example, the area of tank wall used is of the same 
construction, material, and geometry as that described in 
F.1.3.1 except that the thickness of the plate is 3/8 in. The wall 
is stressed in the same manner as is described in F.1.3.1. A 
corrosion allowance of t!l6 in. is required. The computed 
(meridional) tensile stress, Sic, in the net thickness after 
deduction of the corrosion allowance is 8000 Ibf/in.2. 

F.1.4.2 Problem 

The problem in this example is to find the maximum 
allowable (latitudinal) compressive stress value for the given 
conditions, in conformance with the provisions of 5.5.4.5. 

F.1.4.3 Solution 

As detennined from Table 5-1, the maximum allowable 
tensile stress value, 5h~, for ASTM A 285, Grade C, steel plate 
in simple tension is 16,500 Ibf/in.2. Since the compressive 
stress is latitudinal, the governing value of R in this situation 
is R [, or 75 in. Then, 

t-c = 0.375-0.0625 = 000415 
R 75 . 

The value N = Sic/SIS = 8000116,500 = 0.485 shall be com
puted. The (t - c)/R value of 0.00415 shall be entered at the 
bottom of Figure 5-1 in the text. The ordinate shall be pro
ceeded along vertically at this value, noting that the N curves 
would have to be extrapolated to the left of line O-A to inter
sect with the vertical line that represents the (t - c)/R value of 
0.00415. Since no extrapolation is permitted to the left of line 
O-A, the intersection of this vertical line with line O-A yields a 
value on the left ordinate scale of 7500 IbfJin.2, which repre
sents the maximum allowable compressive stress, Sea, for this 
particular value of(t - c)/R. A higher value of tensile stress is 
permissible, since the allowable coexistent value of N equals 
0.65. Thus, in this particular example, the allowable compres
sive stress is governed by the (t - c)/ R value rather than by the 
coexistent tensile stress. 

F.2 Determination of Minimum Required 
Thicknesses for Walls Subject to 
Biaxial Tension and Compression 

F.2.1 EXAMPLE 1 

F.2.1.1 Given Conditions 

In this example, an elemental area of tank wall used is 
constructed of ASTM A 442, Grade 55, steel plate subjected 
to a meridional lmit force, TI, of 4000 Ibf/in.2 tension and a 
latitudinal lillit force, T2, of 5060 Ibflin.2 compression. The 
meridional radius of curvature, R I, is 75 in., and the length of 
the nonnal from the surface to the axis of revolution, R2, is 
300 in. The joints in the wall are of double-welded butt-joint 
construction with a tensile efficiency of 85%. A corrosion 
allowance of [1t6 in. is required. 

F.2.1.2 Problem 

The problem in this example is to graphically find the min
imum thickness of tank wall reqllired for the given conditions 
(see 5.10.3.3). 

F.2.1.3 Solution 

As determined from Table 5-1, the maximum allowable 
tensile stress value, SIS, for ASTM A 442, Grade 55, steel 
plate in simple tension is 16,500 Ibflin.2. Since the compres
sive stress is latitudinal, the governing value of R in this situa
tion is R[, or 75 in. 
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Table F-1-Computed Values of (t - c)R, se, St, and N for the Assumed Thicknesses: 
Example 1 (see F2.1.3) 

Assumed T2 T j Thickness, t-c St=- s,=- N =!.!... 
{- c {- C Sts t (in.) RI 

0.0125 

3/4 0.0092 

5/8 0.0075 

9/ 16 0.0066 

1/2 0.0058 

A series of four or five different plate thicknesses should 
be assumed, covering the range in which the required thick
ness will probably be found. The values of(t- c)/R, sc, Sf> and 
N shall be computed and tabulated for each of the assumed 
thicknesses, as shown in Table F-l. 

The values of Sc shall be plotted on Figure F_239 at the 
respective values of (t - c)/R associated with them, and a 
smooth curve U-U shall be drawn that connects the points 
located in this manner. The Nand (t - c)/ R points shall also be 
plotted, and a smooth curve V-V shall be drawn to connect 
them. 

The intersection of these two curves represents the mini
mum (t - c)/R value that will satisfy both the compressive 
stress and tensile stress limitations involved in tllis example. 
At this point Se (which is equivalent to Sea in this problem) 
equals 10,000 Ibf/in?; N equals approximately 0.480; and (t
c)/R equals 0.0067. The efficiency, E, for the type of joints 
involved is 85%. Since this is greater than N, the value of Sf (or 
Sta) for the conditions lmder consideration is equal to the value 
of NSts, or 0.480 x 16,500 = 7920 lbf/in.2. 

or 

or 

Therefore, 

T j 4000 
t = Stn + C = 7920 + 0.063 = 0.505 + 0.063 

= 0.568 in. 

= 1'2 + . = 5060 + 0 063 = 0 506 + 0 063 
t S (. 10 000' . . 

en , 

= 0.569 in. 

t = (t~C)Rl +c = (0.0067)(75)+0.063 

= 0.503 + 0.063 + 0.566 in. 

39Figure F-3 is a copy of this chart without the illustrative example 
lines. It may be reproduced by the designer for use in graphical 
solutions. 

5.400 4270 0.258 

7.360 5820 0.353 

9.000 71 \0 0.431 

10.120 8000 0.485 

11.570 9140 0.554 

F.2.2 EXAMPLE 2 

F.2.2.1 Given Conditions 

In this example, an elemental area of tank wall is con
structed of ASTM A 516, Grade 55, steel plate subjected to 
a meridionallmit force, TI, of 2620 lbflin. tension and a lat
itudinal unit force, Tz, of 2880 lbflin. compression. The 
meridional radius of curvature, R I , is 132 in., and the length 
of the normal from the surface to the axis ofrevolution, R z, 
is 409 in. The joints in the wall are spot-radiographed, dou
ble-welded butt joints, and no corrosion allowance is 
required. 

F.2.2.2 Problem 

The problem in this example is to graphically find the min
imum tllickness of tank wall required for the given conditions 
(see 5.10.3.3). 

F.2.2.3 Solution 

As determined from Table 5-1, the maximum, allowable 
tensile stress value, SIS, for ASTM A 516, Grade 55, steel 
plate in simple tension is 16,500 Ibf/in.2. Since the compres
sive stress is latitudinal, the governing value of R for this situ
ation is R I , or 132 in. 

A series of four or five different plate thicknesses shall be 
assumed, covering the range in which the required thickness 
will probably be fOlmd. The values of (t - c)/R, Se, St, and N 
shall be computed and tabulated for each assumed thickness, 
as shown in Table F-2. 

The value of Se shall be plotted on Figure F-2 at the respec
tive values of (t - c)/R associated with them, and a smooth 
curve W-W shall be drawn between the points located in this 
maimer. The N and (t - c)/R points shall also be plotted, and a 
smooth ClLrve X-X shall be drawn to connect them. 

These two curves intersect each other on the left-hand side 
of line A-A. The use of values represented by points in this 
area is prohibited. All values of N in the vicinity of these two 
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Table F-2-Computed Values of (t - c)R, sc, St, and N for the Assumed Thicknesses: 
Example 2 (see F2.2.3) 

Assumed T2 7\ s, 
Thickness, ,- c s, = t- c s =- N=-

, (in.) R j 
, t- C !...\'i,s 

3/4 0.05680 

1/2 0.00378 

3/R 0.00284 

5116 O'()O237 

1/4 0.00189 

curves are well below the efficiency, E, of the type of joints 
involved; thus, the allowable compressive stress is obviously 
the critical factor in this problem. A point must be fOlmd 
where the computed compressive stress, represented by 
points on the curve W-W, does not exceed the allowable com
pressive stress. This will be at the intersection of curve W-W 
and line A-A, where Sc = 6300. This value is the allowable 
compressive stress, Sea, for the conditions given in this exam
ple. Therefore, 

t = T2 + C = 2880 + 0 = 0.457 in. 
Sea 6300 

This value is the minimum required thickness. The com
puted tensile stress for this thickness is only 2620 -7- 0.457 = 

5730 Ibf/in.2, whereas the values of N at the intersection of 
curve W-W and line A-A indicates that a tensile stress of 
16,500 x 0.72 = 11,880 Ibf/in.2 would have been pennissible. 
Thus, the plate at this level will not be stressed to its flIllest 
potential for tensile loading. 

F.3 Determination of Minimum Required 
Thicknesses for Walls Subject to 
Biaxial Compression From Meridional 
and Latitudinal Unit Forces 

F.3.1 GIVEN CONDITIONS 

In this example, the tank used to store liquid has a dome
shaped, self-supporting roof with varying values for R I and 
R2. The size and vacuum settings of the vacuum-relieving 
devices are such that the partial vacuum developed in the tank 
at the maximum air inflow is 0.40 Ibf/in.2 gauge (see 5.3.1). 
The roof is covered with insulation weighing 2 Ib/ft2. The 
design requirements include a live snow load of 25 Ib/ft2 on 
the horizontal projection of the surface of the roof, which has 
a slope of 3 0° or less with the horizontal and a ] il6 ill. corro
sion allowance. 

3.840 3.490 0.212 

5.760 5.240 0.318 

7.680 6.990 0.424 

9.200 8.380 0.507 

11.520 10.480 0.635 

F.3.2 PROBLEM 

The problem in this example is to find the required plate 
thicknesses for the vaCUlun and external loading (a) at the 
center of the roof, where R] = R2 = 1200 in. and (b) at a radial 
distance of 12.5 ft from the center of the roof, where R I = 

III 7 in. and R 2 = 11 72 in. 

F.3.3 SOLUTION 

F.3.3.1 General 

Figure F-4 is a free-body sketch of the roof above the 
plane of the level under consideration. Specific values for the 
variables used in this figure are as follows (see Figure 5-4 for 
typical free-body diagrams and 5.10.1 for definitions of the 
other variables): 

p = - 0.40 Ibflin.2 gauge, a negative value because 
of the internal vacmUll, 

W = sum of the weights of the steel plate, insulation 
load, and snow load. W must be given the same 
sign as P in this case because it acts in the same 
direction as the pressure on the plane of the 
level under consideration; therefore, W is nega
tive (see 5.10.1 of the definition of W), 

F = zero because no ties, braces, supports, or other 
similar members are cut by the plane of the 
level under consideration. 

F.3.3.2 Finding the Thickness at the Center of the 
Roof 

As a trial, a plate thickness of 27/32 in. (0.844 in.) at the 
center of the roof is asslUned, including a 1/16 in. corrosion 
allowance, which is equivalent to a unit weight of34.4lb/ft2. 

On a 1 in.2 area at the corner of the roof, 

W = 2 + 25 + 34.4 = 0 426 lb/· 2 
A 144 . 1J1. 
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Insulation load 

revolution 

Figure F-4-Free-Body Sketch (See F.3) 

From 5.10.2.5, using Equations 4 and 5, 

1'[ = 12~0[(-0.40-0.426)J 

= - 495.6 lbf/in. 

1'2 = 1200 (- 0.40 - 0.426) - (- 495.6) 

= - 495.6 lbf/in. 

From 5.10.3.4, using Equation 17, 

495.6 
t=--

Sea 

where 

Sea = 1,000,000[(t-c)/R]. 

Substituting Sea = 1,000,000 [(t - c)/R] for Sea in Equation 
17 yields the following: 

2 495.6R 
(t - c) = 1, 000, 000 

t = ,J( 495.6)( 1200) + 0063 = 0834 in. 
1000 . . 

This value is slightly less than the assumed thickness. 

A more exact solution could be worked out using a second 
thickness whose value is between the first assumption and the 
calculated value. 

F.3.3.3 Finding the Thickness at a Radial Distance 
of 12.5 ft 

As a trial, a plate thickness of [3/16 in. (0.813 in.) at a radial 
distance of 12.5 ft is assumed, including a 1/[6 in. corrosion 
allowance, which is equivalent to a unit weight of33.2Ibs/ft2. 

w 

sin e 

cos e 

(n)(12.5)2(2 + 25 + 33.2) = 29,550 lbs 

(12.5)(12) = 0.1280 
1172 

0.9918 

e = 7.35° 

Note: Technically, the surface area of the roof above the level under 
consideration shall be used in the preceding calculation of W; how
ever, from a practical standpoint, in this example the difterence 
between the actual surface area and the area of the horizontal plane 
bounded by the 1i·ee-body is relatively small and can be ignored in 
the calculation of W The designer is cautioned that in many cases a 
more exact calculation of the roof area and weight will be necessary. 
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Nonnal-to-the-surface components of the metal, insula
tion, and snow loads are given per unit area of plate surface as 
follows: 

a. For metal, 33.2 Ib/ft2 -7- 144; 

cos 8 = 0.229 Ib/in. 

b. For insulation, 2.0 Ib/ft2 -7- 144; 

cos 8 = 0.0141blin.2 

c. For snow, 25.0 Ib/ft2 -7- 144; 

cos2 8 = 0.171 Iblin.2. 

The total of the nonnal components of load is 0.414 Ibf/ 
. 2 ill .. 

From 5.10.2.1, using Equations 1 and 2 with the foregoing 
nonnal components of load, 

T1 = 1172[_ 0.40 + -29,550 ] 
2 (Jt)( 12.5)\ 144) 

= - 479 Ibflin. 

T2 = 1172[(-0.40-0.414)-(~~~~)J 

= - 451 Ibf/in. 

From 5.10.3.5, using Equation 18 and 19 where 1" = 1'1, 
1'" = 1'2, R' = R2, and R" = RI : 

In this first step, according to Equation 18, 

( = 479 + (0.8)(451)( 1172) + 0 063in 
1342 .. 

= 0.802 in. 

According to Equation 19, 

= J(451)(l117)+0063' =0773' { 1000 . lll. • 111. 

In the second step, for the thickness detennined by Equa
tion 18, 

{- c = 0.802 - 0.063 = 0 000631 
R' 1172 . 

For the thickness detennined by Equation 19, 

{-c = 0.773-0.063 = 0000636 
ROO 1117 . 

Since both (t - c)/R ratios are less than 0.0067, the larger of 
the thicknesses calculated in the first step is the required 
thickness if it is consistent with the assLUned thickness. FlIT
ther calculations using Steps 3-6 are unnecessary. 

The calculated thickness of 0.802 in. is slightly smaller 
than the assumed thickness of 13/ 16 in. (0.813 in.) and is thus 
consistent from a practical standpoint with the assumed roof 
loading. A recalculation using a new assumed thickness shall 
be made whenever the calculated thickness is appreciably 
greater than the thickness assumed for the detennination of 
the total roof load. 

F.4 Design of Compression-Ring Regions 

F.4.1 EXAMPLE 1 

F.4.1.1 Given Conditions 

In this example, a cylindrical tank 30 ft in diameter is 
designed for an internal pressure of 5 Ibflin.2 gauge in the 
vapor space. The plate material is ASTM A 131, Grade A, 
for thicknesses of 1/2 in. and less. The top course of the butt
welded cylindrical sidewall is 1/4 in. thick, including a 
1/16 in. corrosion allowance. The roof is a butt-welded 
spherical dome with an internal radius of 30 ft and a thick
ness of 1/4 in., including a 1!l6 in. corrosion allowance. The 
maximum design liquid level is 6 in. below the plane of the 
j lillcture of the roof and sidewall. 

F.4.1.2 Problem 

The problem in this example is to design the compression
ring region at the jlillcture of the roof and cylindrical sidewall. 

F.4.1.3 Solution 

From Figure 5-5, cos = 15/30 = 0.5. Hence, 8 = 60 degrees 
and sin 8 = 0.866. 

Equations 7 and 13 in 5.10.2.5 govern the design of the 
roof and sidewall because the tenn (W + r) -7- At is negligible 
compared with Pg . 

(0.5) (5) (360) = 900 Ibflin. 

(5) (180) = 900 Ibf/in. 

From 5.12.4.2 and 5.12.4.3, using Equations 24-27, 

Wh= 0.6J360(0.25-0.0625) = 4.9 in. 
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We = 0.6J180(0.25 - 0.0625) = 3.5 in. 

Q = (900) (4.9) + (900) (3.5) - (900) (180) (0.866) 

= - 133,000 Ibs 

Ac = 133,000115,000 = 8.86 in.2 

The area of participating width of the roof plate is deter
mined as follows: 

4.9 (0.25 - 0.0625) = 0.92 in.2 

The area of participating width of the sidewall plate is 
detennined as follows: 

3.5 (0.25 - 0.0625) = 0.66 in.2 

The total area provided is 1.58 in.2. 

From 5.12.5.3, the required additional area is 8.86 - 1.58 = 

7.28 in.2. 

From 5.12.5.1, the required horizontal projection of the 
effective compression-ring region is 0.0 15Re = 0.015 x 180 = 
2.7 in. 

The horizontal projection of the roof plate within the com
pression-ring region is 4.9 x 0.866 = 4.25 in., which fulfills 
the requirement of 5.12.5.!. 

The required area and horizontal projection can be pro
vided by any of the standard angles listed in Table F-3. 

Any of these angles may be used in accordance with the 
details of Figure 5-6, detail a or b, but if details c, h, or i in 
Figure 5-6 were intended, the net area of the angle must be 
calculated by deducting the area expected to be lost by corro
sion from that part of the angle surface that is exposed to the 
interior of the tank. The net area of the angle must equal or 
exceed the calculated required additional area. The area can 
also be provided with a bar or channel section as illustrated in 
Figure 5-6, details d-g, with proper consideration given to the 
0.015Rc minimum width, the 16t maximum width, and the 
net area after deduction ofthe corroded thickness. 

No bradng is required for any of the previously listed 
angles because in no case does the width of any leg exceed 16 
times its thickness (see 5.12.5.8). 

The centroid of the compression region shall be checked 
to meet the conditions of 5.12.5.2. 

F.4.2 EXAMPLE 2 

F.4.2.1 Given Conditions 

In this example, a cylindrical tank 75 ft in diameter is 
designed for an internal pressure of 0.5 Ibflin.2 gauge in the 
vapor space. The plate material is ASTM A 131, Grade B, 
steel for thicknesses of 1/2 in. and less. 

Table F-3-Cross-Sectional Area of Standard Angles: 
Example 1 (See F.4.1.3) 

Angle Cross-Sectional 
Dimensions Area 

(in.) (in.2) 

6 X 6 X 3/4 8.44 

5 X 5 X 7/8 7.98 

9 x4 X 5/8 7.73 

8 X 6 X 9/ 16 7.56 

8x4x 3/4 8.44 

7 x4 X 3/4 7.69 

6x4x 7/8 7.98 

The top course of the butt-welded cylindrical sidewall 
is 1/4 in. thick. The roof is a conical shape with a 2:12 
slope and a 1/4 in. thickness with single full-fillet welded 
lap joints. The maximllm design liquid level is 6 in. below 
the plane of juncture of the roof and sidewall. 

F.4.2.2 Problem 

The problem in this example is to design the compression
ring region at the jlmctme of the roof and cylindrical sidewall. 

F.4.2.3 Solution 

From Figme 5-5, tan a = 12/2 = 6.0. Hence, a = 80.54°, sin 
a = 0.9864, and cos a = 0.1643. Rc = R3 = 37.5 ft = 450 in. 

At the edge of the roof, R2 = 450/0.1643 = 2740 in. 

Because of the relatively low pressme, the weight of the 
roof plate is a practical factor. In view of the small difference 
between the conical area of the roof and the projected area on 
a horizontal plane, TV, can be calculated with sufficient aCCll
racy by using the unit weight of 1 0.2lbslft2 for the 1/4-in. roof 
plate and the cross-sectional area of the tank at the roof-side
wall juncture. F is zero because no internal or external ties, 
braces, diaphragms, trusses, columns, skirts, or other struc
tural supports are attached to the roof. 

For practical purposes, in this example (W + F)IA/ = 

10.21144. W must be given a negative sign in this case 
because it acts in the direction opposite from P, and P is 
positive (see the definition of W in 5.1 0.1). 

From 5.10.2.5, using Equations 8 and 9, 

= 588 Ibf/in. 
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T = (0.5)(450) 
2 0.1643 

1370 lbflin. 

l'zs = (0.5) (450) = 225 lbflin. 

From 5.12.4.2 an 5.12.4.3, using Equations 24-27, 

Q 

0.6')(2740)(0.25) = 15.7 in. 

0.6')(450)(0.25) = 6.4 in. 

(1370) (15.7) + (225) (6.4) 

- (588) (450) (0.9864) 

240,0001b 

240,000/15,000 = 16.0 in.l 

Note: The width oflap-welded roofplate, WI" must be used in calcu
lating the force Q, but the lap-welded roof plates cannot be given 
credit for contributing to the area required /()f resisting the compres
sive force or providing a width of hOlizontal projection of the com
pressive-ling region (see 5.12.2). 

The area of the participating width of the roof plate (lap
welded) is 0.00 in.2. 

The area of the participating width of the shell plate is 
6.4 x 0.25 = 1.6 in.2. 

The required additional area (see 5.12.5.3, Item a) is 
16.0 - 1.6 = 14.4 in.2• 

The required horizontal projection of the effective com
pression-ring region (see 5.12.5.1) is 0.015Rc = 0.015 x 450 = 

6.75 in. 

Because the lap-welded construction of the roof may not 
be used to satisfy the horizontal width requirement, the hori
zontal projection of the roof plate with the compression-ring 
region must be provided by the added member. 

Angles may not be a practical method of providing the 
required additional area and horizontal projection. Bars or 
chalmels may be fi.mlished as illustrated in Figure 5-6, details 
d-g, with proper consideration given to the 0.015Rc mini
mum width requirement and the requirements concerning the 
bracing of the compression ring, where applicable. 

F.4.3 EXAMPLE 3 

F.4.3.1 Given Conditions 

In this example, a cylindrical tank 62 ft 6 in. in diameter is 
designed for all internal pressure of 4 Ibf/in.2 gauge in the 
vapor space. The plate material is ASTM A 131 steel with 
appropriate grades for different plate thicknesses in accor
dance with Table 4-1 for a design metal temperature less than 
65°F but not less than 25°F. No corrosion allOWallCe is 

required for any portion of the tank. The top course of the 
butt-welded cylindrical sidewall is 1/4 in. thick. The roof is a 
single lap-welded spherical dome with an internal radius of 
50 ft alld a thickness of 1/4 in. The maximmll design liquid 
level is 6 in. below the plane of the j lllcture of the roof and 
sidewall. 

F.4.3.2 Problem 

The problem in this example is to design the compression
ring region atthe jmlcture of the roof and cylindrical sidewall. 

F.4.3.3 Solution 

From Figure 5-5, cos ex = 31.25/50 = 0.625. Hence, ex = 
51.4 degrees and sin ex = 0.78l. 

Equations 7 and 13 in 5.10.2.5 govern the design of the 
roof and sidewall, since the term (W + F)/At is negligible 
compared withPg . 

(1/2) (4) (600) = 1200 lbf/in. 

T 2s = (4) (375) = 1500 lbf/in. 

From 5.12.4.2 and 5.12.4.3, using Equations 24-27, 

0.6')(600)(0.25) = 7.34 in. 

0.6')(375)(0.25) = 5.80 in. 

Q = (1200) (7.34) + (1500) (5.80) 

- (1200) (375) (0.781) 

= - 334,000 lb 

Ac = 334,000115,000 = 22.3 in.2 

Note: The width of the lap-welded roof plate, wh, must be used in 
calculating the force Q, but the lap-welded roof plates cannot be 
given credit lor contributing to the area required for resisting the 
compressive force or providing a width of horizontal projection of 
the compression-ring region (see 5.12.2). 

The area of the participating width of the roof plate (lap
welded) is 0.00 in.2 The area of the participating width of the 
sidewall plate is 5.80 x 0.25 = 1.45 in.2 The total area pro
vided is 1.45 in.2. 

From 5.12.5.3, the required additional area is 22.3 - 1.45 = 

20.85 in.l. Since this area camlot be provided by stalldard 
angles, a detail employing a bar, ring girder, or channel must 
be used. 

A bar I-in. thick should be assumed, as illustrated in Fig
ure 5-6, detail e. 
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From 5.12.4.2 and 5.12.4.3, using Equations 24-27, 

WIz 0.6./(600)(1) = 14.7 in. 

We 0.6./(375)(0.25) = 5.80 in. 

Q = (1200)(14.7) + (1500) (5.8) 

- (1200) (375) (0.781) 

- 325,160 Ib 

Ac = 325,160115,000 = 21.68 in.2 

The area of the participating width of the compression ring 
is 14.7 x 1 = 14.70 in.2 The area of the participating width of 
the sidewall plate is 5.8 x 0.25 = 1.45 in.2. The total area pro
vided is 16.15 in.2. 

Since the required area, Ac, is larger than the total area pro
vided, the area of the compression ring must be increased. 
This can be accomplished by extending the bar outside the 
sidewall. 

The additional width required is computed as follows: 

(21.68-15.15) - 553 . 
1.00 -. 111. 

The bar extension is less than 16t maximum for projecting 
parts of a compression ring that is not braced (see 5.12.5.8). 

The total width of the compression bar is 14.7 + 5.53 = 

20.23 in. 
From 5.12.5.1, the required horizontal projection of the 

effective compression-ring region is 0.015Re = 0.015 x 375 = 

5.62 in. 
The horizontal projection of the compression ring is 14.7 x 

0.781 = 11.5 in., which fulfills the requirement of 5.12.5.1. 
The centroid of the compression region shall be checked 

to meet the conditions of 5.l2.5.2. 

F.5 Design of Reinforcement for Single 
Openings in Tank Walls 

F.S.1 EXAMPLE 1 

The 20 in. x 29 in. obround manhole shown in Figure F-5 
is located in solid plate in the sidewall of a cylindrical storage 
tank 45 ft in diameter in an area where the thickness of the 
wall plate, t~" is '/2 in. No corrosion allowance is required. 
The total internal pressure, PI + Pg, at the horizontal center
line of the opening is 27.5 Ibflin.2 gauge. The thickness of the 
wall plate, t, required by 5.10.3 for the latitudinal unit forces, 
12, acting at this level is 0.485 in. The manhole neck is fabri
cated by welding from 3/8 in. plate. The materials in the tank 
wall, the manhole neck, and the reinforcing pad conform to 

ASTM A 516, Grade 60. The joints in the tank wall and the 
longitudinal joint or joints in the manhole neck are double
welded butt joints, spot radiographed in accordance with 7.16 
and 7. 17. The adequacy of the reinforcement and attachment 
welds shown in Figure F-5 shall be detennined. 

The net thickness required for a seamless tank wall at the 
horizontal centerline of the opening is calculated as follows: 

t, = (0.485)(0.85) = 0.412 in. 

The thickness required for the semicircular ends of the 
manhole neck and for the roundabout stresses in the flat por
tions of the neck for the pressure at the horizontal centerline 
of the opening is calculated as follows: 

(27.5)00) . 
tm = (18.000)(0.85) = 0.018 m. 

Note: A thickness of 0.17 in. is required in the flat portions of the 
neck for the stresses that are parallel to the axis of the manhole; 
these stresses result from the beam action of the elements calculated 
as simple beams supported by the tank wall and the manhole flange. 
A thickness of not less than 3/8 in. must be provided in the entire 
neck to satisfy the provisions of 5.19.2, item b. Neither of these 
requirements affects the value of trn used [or reinforcement. 

To determine the length of the manhole neck within the 
limits of reinforcement, the smaller of the following calcu
lated values shall be used: 

(2.5)(0.5) = 1.25 in. 

(2.5)(0.375) + 0.5 = 1.438 in. 

The minimmn size of the outer fillet weld permitted by 
Figure 5-8, panel k, is calculated as follows: 

(0.5)(0.5) = 035 . 
0.707 . 111. 

The minirnmn size of the inner fillet weld permitted by 
Figure 5-8, panel k, is calculated as follows: 

(0.7)(0.375) = 037 . 
0.707 . 111. 

Therefore, the weld sizes used meet the minimmn require
ments of Figure 5-8, panel k. 

The area of reinforcement requirement at and between the 
vertical centerlines of the semicircular ends is calculated as 
follows: 

A,. = (20)(0.485)(0.85) = 8.25 in.2 
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Figure F-5-Example of a Reinforced Opening (See F.5.1) 

The areas of reinforcement provided are as follows: c. For tension across the brroove weld, 

a. From excess thickness in the tank wall, 18,000 x 0.875 x 0.75 = 11,810 lbf/in.2 

Al = 20 x (0.5 - 0,412) = 1.76 in.2 
d. For shear in the manhole neck, 

b. From excess thickness in the manhole neck, 18,000 x 0.8 x 0.875 = 12,600 Ibf/in.2 

F-13 

A2 = 2 x 1.25 x (0.375 - 0.018) = 0.89 in.2 The strengths of the attachment elements beyond the criti
cal section shown in Figure F-5 are as follows: 

c. In fillet welds, 

A3 = 4 x 0.5 x (0.375)2 = 0.28 in.2 

d. In the reinforcing pad, 

A4 = (32 - 20.75) x 0.5 = 5.62 in.2 

The total area of reinforcement provided is 8.55 in.2, 
which is adequate. 

The allowable lU1it stress values for the attachment ele
ments are as follows: 

a. For the outer and inner fillet welds, 

18,000 x 0.60 = 10,800 lbf/in.2 

b. For shear across the groove weld, 

18,000 x 0.8 x 0.875 x 0.75 = 9450 Ibflin.2 

a. Element 1. For the outer fillet weld, 

[G)c32) - (2 )(5) ]c0.375)(0.707)( 1 0.800) 

= 115,300 lb 

b. Element 2. For the inner fillet weld, 

G)(20.75 )(0.375 )(0.707)( 10.800) 

= 62,200 lb 

c. Element 3. For the brroove weld in shear, 

G)(20.75)(0.1875)(9,450) = 38.600 lb 
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d. Element 4. For the groove weld in tension, 

G)(20.75 + 0.375)(0.5)(11.810) = 131.000 Ib 

e. Element 5. For the manhole neck in shear, 

G)c20.375)(0.375)(12.600) = 101.100 lb 

For the investigation of possible paths of failure through 
the attachment elements, the following loads and strengths 
shall be compared. 

The combined load on Elements 1,3, and 5, which attach 
the added reinforcement to the tank wall, is calculated as fol
lows: 

(8.25 - 1.76)(18,000) = 116,900 lb 

The combined strength of Elements 1, 3, and 5 is as fol
lows: 

115,300 + 38,600 + 101,100 = 255,000 Ib 

This value is more than adequate. 
The combined load on Elements 1 and 4, which attach to 

the tank wall the added reinforcement plus that section of the 
manhole neck which coincides with the thickness of the tank 
wall, is calculated as follows: 

[8.25 - 1.76 + (2)(0.5)(0.375)](18,000) = 123,600 lb 

The combined strength of Elements 1 and 4 is a follows: 

115,300 + 131,000 = 246,300 lb 

This value is more than adequate. 
The combined load on Elements 2 and 5, from the stand

point of developing the strength of the reinforcement in the 
manhole neck, is as follows: 

(0.89)(18,000) = 16,000 Ib 

The strength of either of these elements alone exceeds tIlls 
requirement. 

F.S.2 EXAMPLE 2 

The 20-in. inside-diameter nozzle shown in Figure F-6 is 
located in solid plate in the sidewall of a cylindrical storage 
tank 148 ft in diameter in an area where the thickness of the 
wall plate, 111 , is ]1/2 in. A corrosion allowance of 0.10 in. is 
required on all surfaces of the tank exposed to the stored liq
uid. The total internal pressure, PI + P g, at the center of the 

opening is 24.9Ibf/in.2 gauge. The thickness of the wall plate, 
t, required by 5.10.3 for the latitudinal unit forces, T2, acting 
at this level is 1.44 in. The nozzle neck is fabricated by weld
ing from 1/2-in. plate. The materials in the tank wall, the noz
zle neck, and the reinforcing pad conform to ASTM A 442, 
Grade 55. The main joints in the tank wall are fully radio
graphed, double-welded butt joints. The longitudinal joint in 
the nozzle neck is of the same type but is not radiographed; 
however, the longitudinal joint and all other parts of the noz
zle-and-wall-plate assembly have been shop stress relieved 
after fabrication, as required by 5.25. The adequacy of the 
reinforcement and attachment welds shown in Figure F-6 
shall be determined. 

The net thickness required for a seamless tank wall at the 
horizontal centerline of the opening, excl usive of the corro
sion allowance, is calculated as follows: 

lr= (1.44- 0.1)(1.00) = 1.34 in. 

The net thickness required for the nozzle neck, exclusive of 
the corrosion allowance, is calculated as follows: 

t =(29.9)(10+0.1)= . 
rn (16.500)(0.85) 0.018 111. 

Note: A net thickness of not less than 3/8 in., exclusive of the corro
sion allowance, must be provided in the nozzle neck to satisfY the 
provisions of 5.19.2, Item b, but this requirement does not affect the 
value of trn used for reinforcement computations. 

To determine the length of the nozzle neck within the lim
its of reinforcement, the smaller of the following calculated 
values shall be used: 

(2.5)(1.5 - 0.1) = 3.5 in. 

(2.5)(0.5 - 0.1) + 1.5 = 2.5 in. 

The minimum sizes of the attachment welds permitted by 
Figure 5-8, panelt, are calculated as follows: 

a. For the outer fillet weld, 

(0.5)(0.75) = 053 . 
0.707 . 111. 

b. For the inner fillet weld, 

(0.25) = 0 35 . 
0.707 . ill. 

c. For the groove weld between the tank wall and the nozzle 
neck, 

(0.7)(0.5 - 0.1) + 0.1 = 0.38 in. 
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Note: Upon computation, a 'l8-inch outer fillet weld was found to be inadequate for strength requirements. The 
outer weld should be a I-inch fillet weld. 

Figure F-6-Example of a Reinforced Opening (See F,5.2) 

d. For the groove weld between the pad and the nozzle 
neck, 

(0.7)(0.5 - 0.1) = 0.28 in. 

Therefore, the weld sizes used meet the minimum require
ments of FiglLfe 5-8, panell. 

c. In fillet welds, 

A3 = 2 x 0.5 x [(0.625)2 + (0.375)2] = 0.53 in.2 

d. In the reinforcing pad, 

.114 = 1.5 x (36.625 - 21) = 23.44 in.2 

F-15 

The area of reinforcement required at the vertical center
line of the opening is calculated as follows: 

The total area of reinforcement provided is 27.09 in.2 

which is adequate. 

A,. [20 + (2) (0.1)] (1.44 - 0.1) (1.00) 

27.07 in.2 

The areas ofreinforcement provided are as follows: 

a. From excess thickness in the tank wall, 

AI = (20 + 0.2) x (1.5 - 0.1-1.34) = 1.21 in.2 

b. From excess thickness in the nozzle neck, 

Ac = 2 x 2.5 x (0.5 - 0.1- 0.018) = 1.91 in.2 

The allowable lmit stress values for the attachment ele
ments are as follows: 

a. For the outer and inner fillet welds, 

16,500 X 0.60 = 9900 Ibflin.2 

b. For tension across the groove welds, 

16,500 x 0.875 x 0.70 = 10,100 Ibf/in.2 

c. For shear in the nozzle neck, 

16,500 x 0.8 x 0.875 = 11,500 Ibf/in.2 
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The strengths of the attachment elements beyond the criti
cal section shown in Figure F-6 are as follows: 

a. Element 1. For the outer IDlet weld, 

[G)c36.625) - (2)(5.05) JO.625)(0.707)(9900) 

= 207,400 Ib 

b. Element 2. For the umer fillet weld, 

G)c21 )(0.375)(0.707)(9900) = 57, 9000 Ib 

c. Element 3. For the groove weld between the tank wall and 
the nozzle neck, in tension, 

G)c21)(0.625-0.1)(10.100) = 116.900 Ib 

d. Element 4. For the groove weld between the pad and the 
nozzle neck, in tension, 

G)(21 )(0.3125)( 1 0.1 00) = 69,400 Ib 

e. Element 5. For the nozzle neck in shear, 

G)(20.6)(0.4 )(11.500) = 99.500 Ib 

For the investigation of possible paths of failure through 
the attachment elements, the following loads and strengths 
shall be compared. 

The combined load on Elements I and 5, which attach the 
added reinforcement to the tank wall, is calculated as follows: 

(27.07 - 1.21 )(16,500) = 426,700 Ib 

The combined strength of Elements 1 and 5 is as follows: 

207,400 + 99,500 = 306,900 Ib 

This value is inadequate. 
[f the size of the outer fillet weld were increased to 1 in. 

instead of 518 in., the strength of Element 1 would become the 
following: 

[G)c36.625) - (2)(5.05) J 1.0)(0.707)(9900) 

= 331,800 Ib 

The combined strength of Elements 1 and 5 would now 
become the following: 

331,800 + 99,500 = 431,300 Ib 

This value would be adequate. Hence, the size of the outer 
fillet weld shall be increased to 1 in. 

The combined load on Elements 1 and 3, which attach to 
the tank wall the added reinforcement plus that section of the 
nozzle neck which coincides with the thickness of the tank 
wall, is calculated as follows: 

[(27.07 -1.21) + (2) (1.4) (0.4)](16,500) =445,670 lb 

The combuled strength of Elements 1 and 3, based on the 
size of the outer fillet weld being increased to 1 in., is as fol
lows: 

331,800 + 116,900 = 448,700 Ib 

This value is adequate. 

The combined load on Elements 2, 4, and 5, from the 
stand POUlt of developulg the strength of the reinforcement in 
the nozzle neck, is calculated as follows: 

(1.91) (16,500) = 31,500 Ib 

The strength of anyone of these three elements alone 
exceeds this requirement. 

F.5.3 EXAMPLE 3 

A cylindrical nozzle with a 12-in. inside diameter is 
located Ul solid plate in the sidewall of a cylindrical storage 
tank 60 ft in diameter so that its axis lies in a horizontal plane 
and forms an angle of 55° with a perpendicular to the sidewall 
at the point of intersection, as shown in Figure F-7. The thick
ness of the sidewall plate, t~" in this area is 5/8 in., and no cor
rosion allowance is required. The total ultemal pressure, PI + 
Pg, at the center of the opening is 26.1 Ibf/in.2 gauge. The 
thickness of the wall plate, I, required by 5.1 OJ for the latitu
dinaltmit forces, Tz, acting at this level is 0.57 in. The nozzle 
neck is seamless steel pipe and conforms to ASTM A 53, 
Grade A; the materials in the tank wall and reinforcing pad 
conform to ASTM A 442, Grade 55. The main joints in the 
tank walls are fully radiographed, double-welded butt joints. 
The adequacy of the reinforcement and attachment welds 
shown in Figure F-7 shall be determined. 

The net thickness required for a seamless tank wall at the 
horizontal centerline of the opening is calculated as follows: 

I,. = (0.57)(1.00) = 0.57 in. 
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The thickness required for the nozzle neck is calculated as 
follows: 

= (26.1)(6)(1.00) = 0011 in. 
t,.n (14.400)( 1.00) . 

Note: A thickness of 3/8 in. must be provided in the nozzle neck to 
satisfY the provisions of 5.19.2, item b, but this requirement does not 
alTect the value oftm used for reinforcement computations. 

To determine the length of the nozzle neck within the lim
its of rei.nforcement, the smaller of the following calculated 
values shall be used: 

(2.5)(0.625) = 1.56 in. 

(2.5)(0.375) + 0.75 = 1.69 in. 

The minimum size of the outer fillet weld permitted by 
Figure 5-8, panel m, is calculated as follows: 

(0.5)(0.625) = 044 . 
0.707 . Ill. 

The minimum size of the inner fillet weld permitted by 
Figure 5-8, panel m, is calculated as follows: 

0.25 035 . 
0.707 = . Ill. 

Therefore, the weld sizes used meet the minimum require
ments of Figure 5-8, panel m. 

The area of reinforcement required at the vertical center
line of the opening is calculated as follows: 

Ar = (12)(0.57)(1.00) = 6.84 in.2 

The areas of reinforcement provided are as follows: 

a. From excess thickness in the tank wall, 

A I = (12) (0.625 - 0.57) = 0.66 in.2 

b. From excess thickness in the nozzle neck, 

A = (2)(1.56)(0.375 - 0.011)(14.400) 
2 16.500 

= 0.99 in.2 

c. In fillet welds, 

A3 = (2)(0.5)[(0.5)2 + (0.375)2] 0.39 in.2 

d. In the reinforcing pad, 

A3 = (19.5 - 12.75)(0.75) = 5.06 in.2 

The total area of reinforcement provided is 7.10 in.2, which 
is adequate. 

The allowable unit stress values for the attachment ele
ments are as follows: 

a. For the outer fillet weld, 

16,500 x 0.60 = 9900 Ibflin.2 

b. For the inner fillet weld, 

14,400 x 0.60 = 8640 Ibf/i.n.2 

c. For groove welds in tension against the nozzle neck, 

14,400 x 0.75 x 0.875 = 9320 Ibflin.2 

d. For groove welds in tension against the tank wall, 

16,500 x 0.75 x 0.875 = 10,660 Ibf/in.2 

e. For the groove weld in shear, 

16,500 x 0.8 x 0.75 x 0.875 = 8530 Ibf/in.2 

f. For the nozzle neck in shear, 

14,400 x 0.8 x 0.875 = 10,080 Ibflin.2 

The strengths of the attachment elements beyond the criti
cal section shown in Figure F -7 are as follows: 

a. Element 1. For the outer fillet weld, 

[2.22J(14.25)2 + (9.75)2-(2)(5.1)] x (0.500)(0.707)(9900) 

= 98,500 lb 

b. Element 2. For the inner fillet weld, 

2.22J(l0.77)2 + (6.56)2 - (2)(5.1) x (0.375)(0.707)(8640) 

= 39,400 lb 

c. Element 3. For the groove weld between the tank wall and 
the nozzle neck, in tension, 

(17.2)(0.625)(10,660) = 114,500 Ib 

d. Element 4. For the groove weld between the pad and the 
nozzle neck, in tension, 

[2.22J(l0.58/ + (6.375)2 - (2)(5.1)] x (0.75) (9320) 

= 120,000 Ib 
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Figure F-7-Example of a Reinforced Opening (See F.5.3) 

e. Element 5. For the nozzle neck in shear, 

[2.22J(l0.39)2 - (6.19)2 - (2)(5.1)] x (0.375)(10,080) 

= 62,900 Ib 

f. Element 6. For groove welds in shear, 

(17.2)(0.1875)(8530) = 27,500 Ib 

For the investigation of possible paths of failure through 
the attachment elements, the following loads and strengths 
shall be compared. 

The combined load on Elements 1, 5, and 6, which attach 
the added reinforcement to the tank wall, is calculated as fol
lows: 

(6.84 - 0.66)(16,500) = 102,000 Ib 

The combined strength of Elements 1,5, and 6 is as follows: 

98,500 + 62,900 + 27,500 = 188,900 lb 

This value is adequate. 
The combined load on Elements I and 3, which attach to 

the tank wall the added reinforcement plus that section of the 
nozzle neck which coincides with the thickness of the tank 
wall, is calculated as follows: 

[(6.84 - 0.66) + (2 )(0.625 )(0.375 )C :::~~)J 
x (0.500) (0.707) (9900) = 98,500 lb 

The combined strength of Elements 1 and 3 is as follows: 

98,500 + 114,500 = 213,000 Ib 

This value is adequate. 
The combined load on Elements 2, 4, and 5, from the 

standpoint of developing the strength of the reinforcement in 
the nozzle wall, is calculated as follows: 

(0.99)(16,500) = 16,400 Ib 

The strength of anyone of these three elements alone 
exceeds this requirement. 

The combined load on Elements 1 and 6, from the stand
point of developing the strength of the reinforcing pad, is cal
culated as follows: 

(5.06)(16,500) = 83,490 Ib 

The combined strength of Elements 1 and 6 is as follows: 

98,500 + 27,500 = 126,000 Ib 

This value is adequate. 

F.S.4 EXAMPLE 4 

The pressed-steel, round manhole with a 20-in. inside 
diameter shown in Figure F-8 is located in solid plate in 
spherical portion of a torispherical roof on a cylindrical stor
age tank 72 ft in diameter. The internal pressure, Pg, on the 
Lmderside of the roof is 15 Ibf/in.2 gauge. The thickness, t, of 
the roof plate required by 5.10.3 for the spherical portion of 
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20" inside diameter 

About 0.4" 

3/8" 

'//'V 

.1 22'/4' 

35" 

44'12" limits of reinforcement 

72' spherical 
radius 

Figure F-8-Example of a Reinforced Opening (See F5.4) 

the roof is 1/2 in., which is exactly the thickness provided, No 
corrosion allowance is required. The materials in the roof 
plates and manhole frame confonn to ASTM A 283, Grade C; 
the main joints in the roof are double-welded butt joints, spot 
radiographed in accordance with 7.16 and 7.l7. The ade
quacy of the reinforcement and attachment welds shown in 
Figure F-8 shall be determined. 

The net thickness required for a seamless tank wall at the 
location of the manhole is calculated as follows: 

tr = (0.5)(0.85) = 0.425 in. 

The thickness required for the manhole neck is calculated 
as follows: 

trn = (15)(10)( 1.00) = 0.010 in. 
15.200 

Note: A thickness of not less than 3/8 in. mllst be provided in the 
manhole neck to satisty the provisions of 5.19.2, item b, but this 
requirement does not atlect the value of 11'11 used for reinforcement 
computations. 

To determine the length of the manhole neck within the 
limits of reinforcement, the smaller of the following calcu
lated values shall be used: 

(2.5)(0.5) = 1.25 in. 

(2.5)(0.4) + 0.5 = 1.5 in. 

The minimum size of the outer fillet weld permitted by 
Figure 5-8, panel i, is calculated as follows: 

(0.5)(0.5) - 035 . 
0.707 - . 111. 

The minimum size of the inner fillet weld permitted by 
Figure 5-8, panel i, is calculated as follows: 

(0.5)(0.7) - 050 . 
0.707 - . 111. 

Therefore, the weld sizes used meet the minimum reqlLire
ments of Figure 5-8, panel i. 

The area required at the centerline of the opening is calcu
lated as follows: 

Ar = (22.25)(0.5)(0.85) = 9.46 in.2 

The areas of reinforcement provided are as follows: 

a. From excess thickness in the spherical head, 

A I = (22.25)(0.500 - 0.425) = 1.67 in.2 

b. From excess thickness in the formed manhole neck, 

= 1.36 in.2 

c. In fillet welds, 

A3 = 2(0.5)[(0.375)2 + (0.5)2] = 0.39 in.2 

d. In the dished reinforcing collar, 

A4 = (0.5)(35 - 21.8) = 6.60 in.2 

The total area of reinforcement provided is 10.02 in. 2, 

which is adequate. 
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The allowable unit stress value for the outer and inner fillet 
welds is calculated as follows: 

(15,200)(0.6) = 9120 Ibf/in.2 

The strength of the attachment elements beyond the critical 
section is as follows: 

a. Element 1. For the outer fillet weld, 

~(35)(9120)(0.707)(0.375) = 132.000 lb 

Note: It should be assumed that the critical section for computing the 
strength of the attachment is at the centerline of the opening as indi
cated in 5.16.8.1. 

b. Element 2. For the inner fillet weld, 

~(22.25)(9120)(0.707)(0.50) = 112.600 lb 

For the investigation of possible paths of failure through 
the attachment elements, the following loads and strengths 
shall be compared. 

The combined load on Elements 1 and 2, which attach the 
added reinforcement to the roof, is calculated as follows: 

(9.46 - 1.67)(15,200) = 118,400 lb 

The combined strength of Elements 1 and 2 is as follows: 

132,900 + 112,600 = 245,500 lb 

This value is more than adequate. 



APPENDIX G-CONSIDERATIONS REGARDING CORROSION ALLOWANCE AND 
HYDROGEN-INDUCED CRACKING 

G.1 Tank Groups Based on Corrosion 
Rate 

All large low-pressure tanks of the type covered by this 
standard may be classified lmder one of the following general 
groups based on corrosion: 

a. Tanks in which corrosion rates may be definitely estab
lished by reason of accurate knowledge, available to the 
designer, covering the chemical characteristics of whatever 
substances the tanks are to contain. Such knowledge may, in 
the case of standard commercial products, be obtained from 
published sources or, whenever special processes are 
involved, from reliable records compiled from results of pre
vious observations by the user or others lmder similar 
conditions of operation. 
b. Tanks in which corrosion rates, although known to be rela
tively high, are either variable or indetenninate in magnitude. 
c. Tanks in which corrosion rates, although indeterminate, 
are known to be relatively low. 
d. Tanks in which corrosion effects are known to be negligi
ble or entirely absent. 

G.2 Corrosion Allowance 

G.2.1 In cases in which the rate of corrosion is closely pre
dictable, additional metal thickness over and above that 
required for the initial operating conditions shall be provided 
and shall be at least equal to the expected corrosion loss dur
ing the desired life of the tank. 

G.2.2 When corrosion effects are indeterminate before the 
tank is designed (although they are known to be inherent to 
some degree in the service for which the tank is to be used), 
and when corrosion is incidental, localized, or variable in rate 
and extent, the best judgement of the designer must be exer-
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cised in establishing reasonable maximum excess tank wall 
thicknesses. For all tanks that come lUlder this classification, a 
minimmn corrosion allowance of l/l6 in. shall be provided. 
This minimum allowance may, of course, be increased 
according to the judgement of the designer. 

G.2.3 In all cases in which corrosion effects can be shown 
to be negligible or entirely absent, no excess thickness need 
be provided. 

G.3 Service Conditions and Hydrogen
Induced Cracking 

When the service conditions might include the presence of 
hydrogen sulfide or other conditions that may promote hydro
gen-induced cracking effects, particularly near the bottom of 
the shell at the shell-to-bottom connections, care shall be 
taken to ensure that the materials and details of construction 
of the tank are adequate to resist hydrogen-induced cracking. 
The purchaser shall consider restricting the sulphur content of 
the material to be stored through thickness testing of the steel, 
laboratory surveillance tests, and the use of internal tank coat
ings to reduce the possibility of hydrogen-induced cracking. 
The hardness of the welds contacting these environments, 
including the heat-affected zones, shall be considered. The 
weld metal and adjacent heat-affected zone often contain a 
zone of hardness that is well in excess ofa value of22 on the 
Rockwell C scale and could be expected to be more suscepti
ble to cracking than would unwelded metal. Any hardness cri
teria shall be a matter of agreement between the pmchaser 
and the mamtfacturer and shall be based on an evaluation of 
the expected hydrogen sulfide concentration in the product, 
the possibility of moisture being present on the inside metal 
surface, and the strength and hardness characteristics of base 
metal and weld metal. 





APPENDIX H-RECOMMENDED PRACTICE FOR USE OF PREHEAT, POST-HEAT, 
AN D STRESS RELI EF 

H.1 Introduction 

The majority of tanks covered by this standard are usu
ally not subjected to a conventional stress-relief post-heat 
treatment after erection is completed. However, the very 
nature of these tanks and their expected service requires 
that the utmost care be taken to obtain completed tanks that 
have the highest safety factor possible with regard to notch 
toughness. 

The thermal stress-relief treatment performed on pressure 
vessels is recognized as a means for reducing the probability 
of brittle failures. Evidence is accumulating that shows the 
benefit of improving notch toughness by metallurgical 
changes rather than by relief of residual stresses. 

H.2 Thickness as It Affects Preheat and 
Post-Heat Requirements 

Plate with thicknesses below 1/2 in. is reasonably notch 
tough. In most steels, when the plate thickness exceeds 3/4-1 
in., notch toughness, particularly as welded, decreases 
sharply. The decrease in notch toughness can be minimized 
by the conventional post-heat treatment and, in many steels, 
by preheat treatment. The benefits of preheat treatment in 
steels 3/4 - 1 in. thick have been demonstrated; similar bene
fits could be expected in thicker steels, but sufficient experi
mental data are currently lacking. 

H.3 Post-Heat Treatment (Stress Relief) 

The post-heat treatment now performed on pressure ves
sels is of established value, although the mechanism by which 
the improvement is realized may be open to debate. Post-heat 
treatment of tank sections when the plate thickness exceeds 
11/4 in. is required as stated in 5.25. In special cases, the pos
sibilities of post-heat treatment after erection should be 
explored. Post-heating an insulated tank may be possible if an 
ample source of heat is readily available and if the rigidity of 
the tank is adequate. 
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When the service conditions are expected to produce stress 
corrosion cracking, relief of stresses is necessary. Preheat 
treatment has not been shown to be an adequate substitute for 
post-heat treatment when it is applied to avoid stress corro
sion cracking. 

H.4 Preheat Treatment 

Many laboratory tests have shown preheat treatment of 
carbon steel to 300°F - 400°F to be the equivalent of the post
heat treatment at no less than 11 OO°F insofar as the physical 
properties of the weldment are concerned.40,41 Some tests 
have indicated a slight advantage of the post-heat treatment. 
Most of the tests have been made on plates 314 - 1 in. thick; 
results must be viewed with caution if preheating is applied 
appreciably beyond this thickness range. However, for all 
practical purposes, improvement resulting from preheating is 
sufficiently well established so that preheat should be consid
ered for field fabrication of plates over 3/4-in. thick whenever 
toughness of the tank is highly desired and the thermal post
heat treatment is impractical. 

Preheating should be perfonned by heating and maintain
ing this heat in appreciable lengths of the joint to be welded, 
preferably using a strip burner with a mild flame rather than a 
harsh flame such as that from a cutting torch. Electrical strip 
heaters are available and have been found to be satisfactory. 
The preheat of 300°F should be checked with a temperature
sensitive crayon, or similarly accurate means, so that the steel 
4 in. (or four times the plate thickness, whichever is greater) 
on each side of the joint will be maintained at the minimum 
preheat temperature. Ring burners or heaters are recom
mended for nozzle and manway welds. At no time during the 
welding should the base metal fall below a temperature of 
300°F. 

40Robert D. Stout, 'The Preheating and Postheating of Pressure 
Vessel Steds," Welding Journal New York, Research Supplement 32 
[1], 14s - 22s, 1953 (including bibliography). 
4 II-larry Uldine, "Preheat Versus Postheat", a paper prepared in con
nection with the work of Subcommittee 8 of ASME 831.1. 





APPENDIX I-SUGGESTED PRACTICE FOR PEENING 

1.1 General 

Peening is used to eliminate distortion in thin plates and to 
prevent cracking in thick plates when the weld is built up of 
several layers of weld metal. Peening is intended to reduce 
the internal stresses introduced in welded structures because 
the weld shrinks more than the relatively cold adjacent base 
metal. Proper peening strains the stressed weld metal above 
its yield point and, in this manner, adjusts the stresses in pro
portion to the amount offlow caused by peening. 

1.2 Effective Peening 

Effective peening occurs below the red-hot temperature. 
Peening is wasted when it occurs above a temperature at 
which the weld metal begins to take on strength. The first two 
layers and the last layer of weld metal must not be peened. 

To be effective, peening must move the weld metal. The 
shape, size, and hardness of peening tools are important. 
BnIises and surface roughness of the weld metal caused by 
peening are not objectionable, since these are melted by the 
deposition of subsequent layers of weld metal. 

1.3 Peening as an Alternative to Thermal 
Stress Relief 

When peening occurs as an alternative to thermal stress 
relief under pennissible procedures, it shall be done carefully 
to minimize distortion of the weldment. Some steels that are 
weldable have to be peened sufficiently to temporarily create 
stresses in the reverse direction, which will disappear on cool
ing. These are the steels which get so hard when they are cold 
that the metal is only burnished by the peening tool instead of 
being cold-worked. When peening is done to avoid the forma
tion of cracks on welds that are subsequently to be stress 
relieved, underpeening may be satisfactory. 
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1.4 Factors Involved in Peening 

1.4.1 GENERAL 

For peening to be acceptable or dependable as a means of 
stress relief, a thorough study must be made of all the factors 
involved, including the type of steel, the thickness of the 
weld, and the thicknesses of successive layers of welding (see 
6.19.2). Two guides to satisfactory results are outlined in 1.4.2 
and f.4.3. 

1.4.2 AMOUNT OF PEENING NECESSARY 

An approximation of the amount of peening that is neces
sary may be obtained by welding two small plates of a given 
material and thickness, with one plate held rigidly and the 
other free to move as the weld shrinks. The peening required 
to overcome the shrinkage gives a fair idea of the degree of 
peening that will be required in the actual operation. 

1.4.3 MEASUREMENTS DURING WELDING AND 
PEENING 

Punch marks shall be made on opposite sides of the 
weld, and the distance between these marks shall be kept 
within 1/32 in. by peening during the welding of the seam. 
The initial measurement shall be made after two layers of 
weld metal have been deposited. After the weld has been 
built up to a depth of 11/4 - 11/2 in., the likelihood of devia
tion in the distance between punch marks is greatly 
reduced, since the stresses caused by shrinkage of the 
recently deposited weld metal are more fully resisted by the 
cooler prior layers. Cracking ofunpeened welds in ordinary 
steel is most likely to occur at this point. r f the peeni ng has 
been done so that the deviation in distance between punch 
marks is kept to a minimum up to this point, the same 
degree of peening for the remainder of the weld will protect 
the weld from cracking. 
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APPENDIX K-SUGGESTED PRACTICE FOR DETERMINING THE 
RELIEVING CAPACITY REQUIRED 

K.1 General 

This appendix attempts to outline a safe and reasonable 
practice to be Llsed for the usual environment and operating 
conditions. The many variables that must be considered in 
connection with tank venting problems make it impracticable 
to set forth definite, simple mles. Engineering studies for any 
particular tank may show that it is desirable to Llse either a 
larger or smaller venting capacity than that estimated in 
accordance with these mles. 
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K.2 Determination of Required Capacity 

The aggregate capacities required for any vent valves, pres
sure-relieving valves, and/or vacuum-relieving valves to be 
provided should be determined as follows: 

a. For thermal breathing and product movement, the mles 
given in APT Std 2000 shall be followed. The required capac
ity as the result of the product movement into the tank, given 
in Std 2000, shall be multiplied by the ratio of the absolute 
tank pressure to atmospheric pressure (14.7 Ibf/in.2 absolute). 

b. For supplemental safety pressure-relieving devices to 
take care of extra venting capacity required in case of exter
nal fire exposure, the mles in API Standard 2000 shall be 
followed. 





APPENDIX L-SEISMIC DESIGN OF STORAGE TANKS 

L.1 Scope 

This appendix establishes recommended minimwl1 basic 
requirements that the purchaser may specify for the design of 
storage tanks subject to seismic load.42 These requirements 
represent accepted practices used for application to fiat-bot
tom tanks; however, other procedures and applicable factors 
or additional requirements may be specified by the pmchaser 
or jurisdictional authorities. Any deviation from the require
ments of this appendix must be agreed to by the pmchaser 
and the manufacturer. 

Although the factors Z, J, and S may apply to any stmc
ture, the seismic design requirements of Appendix L are 
intended for fiat-bottom tanks, not for skirt or column sup
ported tanks. 

L.2 General 

L.2.1 The design procedure considers the following two 
response modes of the tank and its contents: 

a. The relatively high-frequency amplified response to lateral 
grOlmd motion of the tank shell and roof, together with the 
portion of the liquid contents that moves in unison with the 
shell. 

b. The relatively low-frequency amplified response of the 
portion of the liquid contents in the fundamental sloshing 
mode. 

L.2.2 The design requires the determination of the hydro
dynamic mass associated with each mode and the lateral 
force and overturning moment applied to the shell, which 
result from the response of the masses to lateral grOlmd 
motion. Provisions are included to ensure the stability of the 
tank shell against overtuming and to preclude buckling of the 
tank shell due to longitudinal compression. 

L.2.3 No provisions are included regarding the increase in 
hoop tension due to horizontal and vertical seismic forces. 
Shell thicknesses are not affected by the lateral-force coeffi
cients specified in LJ.3, taking into account generally 
accepted allowable stress increase and ductility ratios. Coeffi
cients determined by the alternative method in L.3.3J may 
produce significant dynamic hoop tension that should then be 
considered. 

42The basis for these provisions, together with the fOl1l1ulas for the 
design curves in Figures L-2 through L-5, and infonnation for calcu
lating other seismic cltects, is covered in a paper by R.S. Wozniak 
and W.W. Mitchell, "Basis of Seismic Design Provisions [or Welded 
Steel Oil Storage Tanks," 1978 Proceedings-Refining Depaltment, 
API, Washington DC, [978, Volume 57, pp.485 - 501. 
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Table L-1-Seismic Zone Tabulation for Some Areas 
OutSide the United States 

Location 

ASIA 
Turkey 
Ankara 
Karamursel 

ATLANTIC OCEAN AREA 
Azores 
Bel1l1uda 

CARIDBEAN SEA 
Bahama Islands 
Canal Zone 
Leeward Islands 

Puerto Rico 
Trinidad Island 

NORTH AMERICA 
Greenland 
Iceland 
Keflavik 

PACIFIC OCEAN AREA 
Caroline Island 
Korol', Paulau 

Ponape 
Johnston Island 
Kwajalein 
Mariana Islands 
Guam 
Saipan 
Tinian 
Marcus Island 
Okinawa 
Philippine Islands 
Samoa Islands 
Wake Island 

Seismic Zone 

2B 
3 

2B 

1 

2B 
3 

3 
28 

3 

213 
o 

3 

3 

3 

I 

3 

3 

3 

o 

Note: No earthquake design is required lor Zone O. 

L.3 Design Loading 

L.3.1 OVERTURNING MOMENT 

Note: The overturning moment detemlined in this section is the 
moment applied to the bottom of the shell only. The tank foundation 
is subjected to an additional oveltuming moment due to the lateral 
displacement of the tank contents; this additional moment may need 
to be considered in the design of some foundations, such as pile-sup
p0l1ed concrete mats. 

The overturning moment due to seismic forces applied to 
the bottom of the shell shall be determined using the follow
ing equation: 
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where 

API STANDARD 620 

M = overturning moment applied to the bottom of 
the tank shell, in ft-Ibs, 

Z = seismic zone factor (horizontal seismic acceler
ation) as determined by the purchaser or the 
appropriate governmental authority having 
jurisdiction. The seismic zone maps of Figure 
L-l or the seismic zone tabulation, Table L-I 
for areas outside the United States or the 
National Building Code of Canada may be used 
as an aid to determine the seismic zone. Table 
L-2 can be used to determine the seismic zone 
factor, 

I = importance factor 

W2 

1.0 for all tanks, except when a larger impor
tance factor is specified by the purchaser. It is 
recommended that the I factor not exceed 1 .25 
and that this maximwn value be applied only to 
tanks used for storage oftoxic or explosive sub
stances in areas where an accidental release of 
product would be considered to be dangerous to 
the safety of the general public, 

lateral earthquake force coefficients detennined 
in accordance with LJ.3, 

total weight of the tank shell and any insulation, 
in Ibs, 

height from the bottom of the tank shell to the 
center of gravity of the shell, in ft, 

total weight of the tank roof, including any 
insulation, suspended deck, or snow load (fur
nished or as specified by the purchaser), in lbs, 

total height of the tank shell, in ft, 

weight of the effective mass of the tank con
tents that moves in wlison with the tank shell, 
as determined in accordance with L.3 .2.1, in 
Ibs, 

height from the bottom of the tank shell to the 
centroid of lateral seismic force applied to WI> 
as determined in accordance with L.3.2.2, in ft, 

weight ofthe effective mass of the first mode 
sloshing contents of the tank, as determined in 
accordance with L.3.2.1, in Ibs, 

height from the bottom of the tank shell to the 
centroid of lateral seismic force applied to W2, 

as detennined in accordance with L.3 .2.2, in ft, 

Table L-2-Seismic Zone Factor 
(Horizontal Acceleration) 

Seismic Zone 
(from Fig. L-l or Other Source 

2A 

28 

3 

4 

Seismic Zone Factor 
Horiz. Acceleration 

0.075 

0.15 

0.20 

0.30 

0.40 

Note: No earthquake design is required lor Zone O. 

L.3.2 EFFECTIVE MASS OF TANK CONTENTS 

L.3.2.1 The effective masses WI and W2 may be deter
mined by multiplying WT by the ratios W1/WT and W2/W1; 

respectively, obtained from Figure L-2 for the ratio D/H. The 
variables are defined as follows: 

W T = total weight of the tank contents, in lbs. (The 
product's specific gravity shall be specified by 
the purchaser.) 

D 2Rc = diameter of the tank, in ft. (See 5.l2.4.l 
for a definition of Re.) 

H = maximum design product height, in ft. 

L.3.2.2 The heights from the bottom of the tank shell to the 
centroids of the lateral seismic forces applied to WI and W2 
and XI and X2 may be determined by multiplying H by the 
ratios XI/H and X2/H, respectively, obtained from Figure L-3 
for the ratio of D/ H. 

L.3.2.3 The curves in Figures L-2 and L-3 are based on a 
modification of the equations presented in ERDA Technical 
Information Document 7024. Alternative, WI, W2, XI, andX2 
may be detennined by other analytical procedures based on 
the dynamic characteristics ofthe tank. 

L.3.3 LATERAL-FORCE COEFFICIENTS 

L.3.3.1 The lateral force coefficient CI shall be 0.60, 
lmless the total product of ZIC I and ZIC2 are determined by 
the method in L.3.3.3. 

L.3.3.2 The lateral-force coefficient C2 shall be determined 
as a fimction of the natural period of the first mode sloshing, 
T, and the soil conditions at the tank site unless otherwise 
determined by the method in L.3.3.3. 

When Tis less than or equal to 4.5, 



Used by permission of International 
Conference of Building Officials 
(map courtesy of Structural Engineers 
Society of California) 

o 

Note: For Canadian seismic zones, refer to the National Building Code of Canada, Supp. No.1. 

Figure L-1-Seismic Zone Map 
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Figure L-1-Part 2-Seismic Zone Map 
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Figure L-2-Curves for Obtaining Factors W1/Wr and 
W21Wr for the Ratio OIH 

When T is greater than 4.5, 

where 

S = site coefficient from Table L-3, 

T = natural period of first mode sloshing, in sec
onds. T may be determined using the following 
equation: T = kDO.5, 

k = factor obtained from Figure L-4 for the ratio 
DIll. 

L.3.3.3 Alternatively, by agreement between the purchaser 
and the manufacturer, the lateral force factors detennined by 
the products Z[C l and ZlC2 may be detennined from 
response spectra established for the specific site of the tank 
and furnished by the purchaser. In no case shall the lateral 
force factor ZIC l be less than that detennined in accordance 
with L.3.1 and L.3.3.1. 

L.3.3.4 The response spectra for a specific site shall be 
established by considering the active faults within the region, 
the types offaults, the magnitude of the earthquake that could 
be generated by each fault, the regional seismic activity rate, 
the proximity of the site to the potential source faults, the 
attenuation of the grOLUld motion between the faults and the 
site, and the soil conditions at the site. The spectrum for the 
factor ZIC l shall be established for a damping coefficient of 
2% of critical. Scaling the response spectrum to account for 
the reserve capacity of the tank is pennissible. The acceptable 
reserve capacity shall be specified by the purchaser. The 
reserve capacity may be determined by considering shaking 
table tests, field observations that demonstrate tank response 
to actual earthquakes, and the ductility of the structure. 

L.3.3.5 The spectrum for the factor Z[C2 shall correspond 
to the spectnun for ZIC l except that it should be modified for 
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Figure L-3-Curves for Obtaining Factors X1IH 
and X21H for the Ratio OIH 

a damping coefficient of 0.5%% of critical. Unless the maxi
mtun spectral acceleration is used, the flmdamental period of 
the tank with its contents shall be taken into accOLUlt in deter
mining the factor ZIC l from the spectnlm. 

L.4 Resistance to Overturning 

L.4.1 Resistance to the overturning moment at the bottom 
of the shell may be provided by the weight of the tank shell 
and the weight of a portion of the tank contents adj acent to 
the shell for unanchored tanks or by anchorage of the tank 
shell. For unanchored tanks, the portion of the contents that 
may be utilized to resist overturning depends on the width of 
the bottom plate lUlder the shell that lifts off the fOLUldation. 
The portion may be detennined using the following equation: 

where 

k 

WL maximwn weight of the tank contents that may 
be utilized to resist the shell overturning 
moment, in Ibs/ft of shell circumference; WL 
shall not exceed'1.25GHD, 

1.0 

0.8 

0.6 

0.5 

tb thickness of bottom plate tmder the shell, in in., 

--~ -----~ 
o 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

DIH 

Figure L-4-Curve for Obtaining Factor k 
for the Ratio OIH 
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Type 

Table L-3-Site Coefficients 

Description 3 Factor 

A soil profile with either: 1 .0 

(a) A rock-likc material character
ized by a shear-wave velocity 
greater than 2,500 n per second or 
by other suitable means of classi
fication, or 

(b) Stilf or dense soil condition 
where the soil depth is less than 
200ft 

A soil profile with dense or stilT 
soil conditions, where the soil 
depth exceeds 200 It 

1\ soil profile 70 n or more in 
depth and containing more than 
20 fl: of son to medium stilT clay 
but not more than 40 n of soft 
clay. 

A soil profile containing more 
than 40 1l of soft clay character
ized by a shear wave velocity less 
than 500 n per second. 

1.2 

1.5 

2.0 

Note: IThe site lactor shall be established trom properly substanti
ated geotechnical data. In locations where the soil properties are not 
known in sutficient detail to detemline the soil profile type, soil pro
file 33 shall be used. Soil profile 34 need not be assumed unless the 
building olIlcial detenl1ines that soil profile 34 may be present at the 
site, or in the event that soil profile 34 is established by geoteclmical 
data. 

G 

minimLUn specified yield strength of the bottom 
plate under the shell, in Ibflin.2 gauge, 

design specific gravity of the product to be 
stored, as specified by the purchaser. 

L.4.2 The thickness of the bottom plate under the shell, 
tb, shall not exceed the thickness of the bottom shell course 
or 1/4 in., whichever is greater. Where the bottom plate 
under the shell is thicker than the remainder of the bottom, 
the width of the thicker plate under the shell, in ft, meastrred 
radially inward from the shell, shall be greater than or equal 
to the value obtained from the following equation: 

0.0274 W L 

GlI 

L.5 Shell Compression 

L.5.1 UNANCHORED TANKS 

The maximum longitudinal compressive force at the bot
tom of the shell may be detennined as follows: 

When MI[D2(wt + wd] is equal to or less than 0.785, 

b = W + 1.273M 
t D2 

When MI[D2(W[ + WL)] is greater than 0.785 but less than 
or equal to 1.5, b may be computed from the value of the fol
lowing parameter obtained from Figure L-5: 

lA90 

[1- 20.637M T 
D (W,+ WL ) 

When MI[D2(Wt + W1J] is greater than 1.57 or when bll2t 
exceeds Fa (see L.5.3), the tank is structurally unstable. One 
of the following measures must then be taken: 

a. Increase the thickness of the bottom plate LU1der the shell, 
tb, to increase WL if the limitations of LA.l and LA.2 are not 
exceeded. 
b. Increase the shell thickness, t. 
c. Change the proportions of the tank to increase the diame
ter and reduce the height. 
d. Anchor the tank according to the provisions of L.6. 

The variables used in the previous equations are defined as 
follows: 

b = maximLUn longitudinal shell compressive force, 
in lbs/ft of shell circumference, 

Wt weight of the tank shell and the portion of the 
fixed roof and insulation, if any, supported by 
the shell, in lbs/ft of shell circumference. 

L.5.2 ANCHORED TANKS 

The maximmn longitudinal compressive force at the bottom 
of the shell may be detennined using the following equation: 

b = W + 1.273M 
, D2 

L.5.3 MAXIMUM ALLOWABLE SHELL 
COMPRESSION 

The maximmn longitudinal compressive stress in the shell, 
bll2t, shall not exceed the maximum allowable stress, Fa, 
detennined by the following fonnulas for f~ that take into 
account the effect of internal presstrre due to the liquid con
tents and need not be further reduced to satisfy 5.5A.5, 
5.5.4.6 and Figure 5-1: 
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Figure L-5-Curve for Obtaining the Value of b when 
M/[LJ2(wt+wd] Exceeds 0.785 

When GHD21t2 is greater than or equal to 106, 

F = 106 t 
n D 

When GHD21t2 is less than 106, 

where 

F = 10
6 

t + 600 'GH 
a 2.SD ",un 

thickness of the bottom shell course, excluding 
corrosion allowance, in., 

,;~ maximum allowable longitudinal compressive 
stress in the shell, in Ibf/in.2. In no case shall the 
value of Fa exceed O.SFty, 

Fty minimum specified yield strength ofthe bottom 
shell course, in Ibf/in.2. 

L.S.4 UPPER SHELL COURSES 

If the thickness of the lower shell course calculated to resist 
the seismic overturning moment is great than the thickness 
required for hydrostatic pressure, both excluding any corro
sion allowance, then the calculated thickness of each upper 
shell course for hydrostatic pressure shall be increased in the 
same proportion lU1less a special analysis is made to deter-

mine the seismic overturning moment and corresponding 
stresses at the bottom of each upper shell course. 

L.6 Anchorage of Tanks 

When anchorage is considered necessary (usually by com
bined intemal pressure and wind), it shall be designed to pro
vide a minimlUn seismic anchorage resistance in Ibs/ft of 
shell circumference detennined using the following equation: 

1.273M 
= WI 

The stresses due to anchor forces in the tank shell at the 
points where the anchors are attached shall be investigated. 

L.7 Piping 

Suitable flexibility shall be provided in the vertical direc
tion for all piping attached to the shell or bottom of the tank. 
On unanchored tanks that are subject to bottom uplift, piping 
connected to the bottom shall be free to lift with the bottom or 
shall be located so that the horizontal distance measured from 
the shell to the edge of the connecting reinforcement is equal 
to the width of the bottom hold-down as calculated in LA.2, 
plus 12 in. 

L.B Additional Consideration 

L.8.1 The purchaser shall specify if freeboard is desired to 
minimize or prevent overflow and damage to the roof and 
upper shell due to sloshing of the liquid contents. The theoret
ical height of the sloshing wave may be determined using the 
following equation: 

where 

d = height of the sloshing wave, in ft. A minimum 
of 1 ft should be added to allow for liquid nU1-
up on the tank shell. 

L.8.2 The base of the collUnns that support the roof shall be 
restrained to prevent lateral movement during earthquakes. 
When specified by the purchase, the columns shall be 
designed to resist the forces caused by the sloshing of the liq
uid contents. 

L.8.3 The additional vertical forces at the shell due to the 
seismic overturning moment shall be considered in the design 
of the tank fOlmdation. 

L.8.4 Unless otherwise required, tanks that may be subject 
to sliding due to earthquake may use a sliding friction of 0040 
times the force against the tank bottom. 





APPENDIX M-RECOMMENDED SCOPE OF THE MANUFACTURER'S REPORT 

M.1 General 

This appendix does not set down rigid rules for the prepa
ration of the manufacturer's report. The extent ofthe informa
tion contained in the report-with the accompanying 
supplementary sketches, graphs of tests, and possibly special 
items required by the purchaser, as shown on purchase 
orders-cannot possibly be listed here (see 7.13). 

M.2 Shop Stress Relief 

When parts of the stmcture are shop assemblies, which are 
stress relieved as called for in 5.25 and 6.18, the plans shall 
indicate this in the customary general notes. 

M.3 Field Repairs or Changes 

When more than minor repairs or changes and/or additions 
are made to the structure in the field for any reason, it is 
assumed that both the manufacturer and the purchaser will 

want to have a record of these repairs or changes attached to 
the manufacturer's report. 

M.4 Tank Certification 

A certificate shall be supplied for each tank. This practice 
is intended to simplify keeping the records of future inspec
tion in separate files for convenience. When a group of tanks 
is being constructed on one order and in one general location 
some specific form of reporting other than a manufacturer's 
report may be preferred by both parties. It would seem desir
able that the details on each contract be settled when the pur
chase order is placed; if they are not covered in the proposal, 
then they shall be given as information in the inquiry. 

M.5 Tank Certificate Wording 

The suggested format and wording for a certificate is as 
follows: 

WE CERTIFY that the design, materials, constmction and workmanship on this low-pressure tank conforms to the 
requirements of API Std 620, Design and Constroction (4Large, Welded, Low-Pressure Storage Tanh. 

Date, _____ 20_ Signed __________________ by ______ _ 

I have inspected the tank described in this manufacturer's report dated , and state that to the best of my 
knowledge, the manufacturer has constructed this tank in accordance with the applicable sections of API Std 620. 
The tank was inspected and subjected to a test of Ibf/in.2 gauge. 

Date, _____ 20_ Signed __________________ by _____ _ 

M-1 





APPENDIX N-INSTALLATION OF PRESSURE-RELIEVING DEVICES 

N.1 General 

Pressure-relieving devices shall be installed so that they are 
readily accessible for inspection and removable for repairs. 
The practices suggested in API RP 520, Part II, for the instal
lation of ASME approved safety relief valves shall generally 
apply, with due consideration given to the difference in pres
sure ranges. 

N.2 Location 

If the relieving devices for gases are not located on the 
roof, they shall be installed on the piping connected to the 
vapor space, if any, as close to the tank as is practicable; if the 
relieving devices are vented to atmosphere, they shall be at a 
sufficient height to prevent chance ignition (see API Std 
2000). 

N.3 Size of Tank Opening 

The opening from the tank leading to the relieving device 
shall have a size at least as large as the inlet nominal pipe size 
of the relieving device. 

N.4 Discharge Pipes 

N.4.1 When a discharge pipe is used on the outlet side of 
such relieving devices, its area shall be not less than the area 
of the valve outlet, or if a single pipe provides for discharge 
from several relief devices, its area shall be not less than the 
aggregate area of the valve outlets. The discharge pipe shall 
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be fitted with an open drain to prevent water or other liquids 
from lodging in the discharge side of the valves. 

N.4.2 Discharge pipes shall be supported so that no undue 
stress is placed on the valve body. Open discharges shall be 
placed and oriented so that the outflow is directed away from 
the tank and will not create a hazard over walkways, stair
ways, or operating platfonns. 

N.5 Security Against Damage 

The assemblies of relieving devices shall be secured 
against damage in service, the effects of stonns, or mishan
dling. Access ladders and platfonns that meet plant safety 
rules are suggested. 

N.6 Vacuum-Relieving Devices 

A vacuum-relieving device, when used, shall be as direct 
in inflow as possible with no pockets where moistllre can 
collect, and it shall have no piping except a weather hood 
ahead of the inlet. An adequate vacmUll-air inlet shall also 
be provided. 

N.7 Stop Valves 

Stop valves, if used between the relieving devices and the 
tank to help service these devices, shall be locked or sealed 
open, and an authorized person shall be present if this condi
tion is changed. If the tank is in use, the authorized person 
shall remain there tmtil the locked or sealed-open position of 
the affected relieving devices is restored. 





APPENDIX O-SUGGESTED PRACTICE REGARDING INSTALLATION OF 
LOW-PRESSURE STORAGE TANKS 

0.1 Introduction 

The practices recommended in this appendix are intended 
for general guidance only. They are not essentially a part of 
the construction mles for low-pressure storage tanks because 
in most instances SOlUld engineering principles for safe and 
efficient operation will dictate the proper procedure for each 
installation. 

0.2 Marking 

When the owner or operator provides an additional plate to 
show the current operating pressure range in a tank, the plate 
shall be securely attached, preferably near the manufacturer's 
nameplate (showing the markings required by these niles). 
Such markings shall not be covered by the additional plate. 

0.3 Access 

All openings and accessories for tanks constnlcted accord
ing to this standard shall be installed so that any periodic 
inspections required can be readily made. 

0.4 Corrosion 

When a tank bottom rests directly on the grOlUld, a survey 
shall be made to establish the need for cathodic protection. 
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0.5 Drainage 

All tanks in which water might accLUnulate lUlder the 
hydrocarbon contents shall be provided with adequate drains 
that are suitably protected from freezing. 

0.6 Fireproofing 

0.6.1 Although general fire prevention and fire protection 
measures are expected to be fully covered by other safety 
codes, tanks constnlcted according to these niles, which may 
be subject to fire exposure resulting from any cause, shall 
have their supports suitably fireproofed. 

0.6.2 Special consideration shall be given to provisions for 
ample drainage facilities for accidental spills or leakage of 
flammable contents from such tanks or adjacent piping and 
other equipment if the contents may become ignited. 

0.6.3 Subject to special considerations in isolated loca
tions, tanks in which flammable liquid products are stored at 
temperatures well above their average boiling point shall be 
suitably fireproofed or otherwise protected. 





APPENDIX P-NDE AND TESTING REQUIREMENTS SUMMARY 

Reference 
Process Welds for which the Inspection and Testing is Required Section 

Air Test Through tell-tale holes, all welds ofnoz.zles with single thickness reinforcing plates, saddle (langes, 5.16.10,7.IS.2.3 
or integral reinlorcing pads. Does not include nozzles on the underside of tank bottoms or reinforce-
ments that are too narrow. 

Air Test Completed tank 7.18.2.6 

Air Test Roofs of tanks not designed lor liquid loading. 7.18.3.1 

Air Test Appendix R tanks: Shell-to-bottom welds which are not complete penetration. RS.2.3 

Air Test Appendix R tanks: Completed tank. R.S.4 

Air Test Appendix R tanks: Outer tank of a double wall refrigerated tank. R.9 

Air Test Appendix Q: The shell-to-bottom welds that are not full penetration. Q.8.2.2 

Air Test Appendix Q: Vapor spaee above hydrostatic test level when the tank is subjected to pneumatic pressure. Q.S.5.1 & Q.8.5.4 

Hydro Shell only if the roof is not designed for liquid loading. 7.18.3.1 

Hydro Complete tank including the roof if so designed. 7.IS.4.1 

Hydro Appendix R tanks. R.8 

Hydro Appendix Q: Q.S.1.1 

MT Flush type shell connections: Nozzle-to-lank shell, Repad welds, shell-to-bottom reinforcing pad 5.27.11 
welds on the root pass, every 1/2 in. of deposited weld, and completed weld. 

MT Welds attaching nozzles, manways, and clean out openings unless given a liquid penetranttesl. 7.18.2.2 

MT Appendix R carbon steel tanks: all butt welds not completely radiographed, cylindrical wall to bot- [U.5 
tom annular plate weld, all welds of openings that are not completely radiographed (includes progres-
sive MT) attachment welds to primary components, and the second layer of weld on joints with 
pennanent backing strips. 

MT Pennanent and temporary attachments ifnot examined by PT. 7.16.3, R.7.S 

PT Appendix R stainless steel tanks: all butt wclds not completely radiographed, cylinder wall to bottom R.7.5 
annular plate weld, all welds of openings that are not completely radiographed (includes progressive 
PT) attachment welds to primary components, and the second layer of weld onjoints with pennanent 
backing strips. 

PT Welds attaching nozzles, manways, and clean out openings instead of MT if approved. Notl,)f 7.16.4 
Appendix Q lanks. 

PT Appendix Q: All longitudinal and circumferential butt-welds not completely radiographed. Q.7.5.a 

PT Appendix Q: Cylindrical wall-to-annular plate welds. Q.7.5.b 

PT Appendix Q: Opening welds that are not radiographed. PT the root pass and every 1/2 in. of deposited Q.7.5.c 
weld metal. 

PT Appendix Q: Attachment welds oCnon-pressure parts to primary components. Q.7.5.d 

PT Appendix Q: The second pass of joints on which backing strips are to remain. Q.7.5.e 

PT Appendix Q: Base metal repairs il)f erection lug removal areas on primary components. Q.7.9 
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P-2 API STANDARD 620 

Reference 
Process Welds l'Jr which the Inspection and Testing is Required Section 

RT I OO'Yo butt welds of joints with plate thicker than 1.25 in. and tension stress greater than 0.1 times the 5.26.2,5.26.3 
specified minimum tensile stress of the material and where required by joint efficiency. 

RT Spot examination for all butt-welded mainjoints that are not 100% radiographed except for roof 7.17.2.1 
joints exempted by Table 5-2, tank bottoms fully supported, and components designed for compres-
sive stress only (5.26.4). 

RT Flush-type shell connections. 5.27.11 

RT Appendix Q: 100% ofbutl-welds with operating stress greater than 0.1 times plate tensile strength. Q.7.6.1 

RT Appendix Q: Spot RT butt-welds with operating stress less than or equal to 0.1 times the plate tensile Q.7.6.2 
strength. 

RT Appendix Q: 100% ofbutl-welds around thickened insert plates. Q.7.6.3 

RT Appendix Q: All three plate butt joints except flat bottoms uniformly supported. Q.7.6.4 

RT Appendix Q: 25% of butt-welded annular plate radial joints shall have 6-in. radiographs taken at the Q.7.6.5 
outside of the selected joints. 

RT Appendix Q: 25% ofbult-welded compression bar radial joints shall have 6-in. radiographs except as Q.7.6.6 
required by 5.26.3.3. 

RT Appendix Q: 100% of longitudinal butt welds in pipes and pipe fittings containing liquids within the Q.7.7.2 
limitations of 1.3.2 except for pipe 12 in. diameter or less that has been welded without filler metal 
and has been hydrotested. 

RT Appendix Q: 100% of longitudinal butt welds in pipes and pipe fittings containing vapor within the Q.7.7.3 
limitations of 1.3.2 except for pipe IS in. diameter or less that has been welded without tiller metal 
and has been hydro tested. 

RT Appendix Q: 30% of all circumferential welded pipe joints. Q.7.7.4 

RT Appendix Q: IOO'Yc) ofbutt-welded joints used to fabricate tank fittings. Q.7.7.5 

RT Appendix R tanks: Primary-component butt welds. R.7.6 

RT Appendix R tanks: Butt welds in piping. R.7.7 

VI3 Bottom Welds unless tested by tracer gas. 7.1S.2.4 

VB Appendix R tanks: all bottom welds, full penetration shell-to-bottom welds, and fillet welds around R.8.2.1, R.8.2.2, 
bouom openings that do not receive rep ad pressure test. R.8.2.5 

VB Appendix Q: All bottom welds and full penetration joints between the shell and bottom. Q.S.2.1 

VB Appendix Q: Welds above hydro test level when the inner tank pneumatic pressure is equalized on Q.8.2.4 
both sides. 

VB Appendix Q: Attachment fillets around bottom openings that calmot be tested by air pressure behind Q.8.2.5 
the repads. 

VB Tack welds left in place. 6.9.1.4 

VE All welds. 7.15.5 

VE Shell-plate bUll welds. 7.16.1 

VE Appendix Q: Base metal repairs for erection lug removal areas on secondary components. 7.16.1 

VE Welds aUaching nozzles, manways, and clean out openings. 7.16.4 



DESIGN AND CONSTRUCTION OF LARGE WELDED, LOW-PRESSURE STORAGE TANKS P-3 

RelCrence 
Process Welds for which the Inspection and Testing is Requircd Section 

Definitions: 

MT= Magnetic Particle Examination 
PT = Liquid Penetrant Examination 
Pcn Oil = Penetrating Oil Test 
RT = Radiographic Testing 
VB = Vacuum Box Testing 
VE = Visual Examination 

Acceptance Standard: 

MT: ASME Section VTIT, Appendix 6, Paragraphs 6-3, 6-4, and 6-5 
PT: ASME Section VITI, Appendix 8, Paragraphs 8-3, 8-4, and 8-5 
VE: API 620, Sections 7.15.5.2 and 7.15.5.3 
RT: ASME Section VllI, Paragraph UW-51 (b) 

Examiner Qualifications: 

MT: API 620, Section 7.15.2.3 
PT: API 620, Section 7.15.4.3 
VE: none 
VB: none 
RT: ASNT Level II or HI 

Procedure Requirements: 

MT: ASME Section V, Article I, T-ISO 
PT: ASME Section V, Article 6 
VE: none 
VB: none 
RT: A procedure is not required. However, the examination method must comply with ASME 

Section V, Article 2. 





APPENDIX Q-LOW-PRESSURE STORAGE TANKS FOR 
LIQUEFIED HYDROCARBON GASES 

Q.1 Scope 

Q.1.1 GENERAL 

The provisions in this appendix form a guide for the mate
rials, design, and fabrication of tanks to be used for the stor
age of liquefied ethane, ethylene, and methane. 

The requirements for a basic API Std 620 tank are super
seded by any requirements ofthis appendix. All other require
ments for an API Std 620 tank shall apply. 

A rdrigerated tank may be a single-wall insulated tank or 
a double-wall tank that consists of an inner tank for storing 
the refrigerated liquid and an outer tank that encloses an insu
lating space around the inner tank. A double-wall tank is a 
composite tank; the outer tank is not required to contain the 
product of the inner tank. Tn a double-wall tank, di llerences in 
materials, desit,rn, and testing exist between the inner and 
outer tanks. 

Q.1.2 PRESSURE RANGE 

The provisions in this appendix apply to all desit,rn pres
sures within the scope of this standard. 

Q.1.3 TEMPERATURE 

The provisions in this appendix apply to design metal 
temperatures encountered in the storage of liquefied hydro
carbon gases, but they do not apply to temperatures lower 
than - 270o P. 

Q.1.4 PRIMARY COMPONENTS 

0.1.4.1 In gcneral, primary components include those 
components that may be stressed to a significant level, those 
whose failure would pemlit leakage of the liquid being 
stored, those exposed to a refrigerated temperature between 
- 600 P and - 270oP, and those that arc subject to thermal 
shock. The primary components shall include, but will not be 
limited to, the following parts of a single-wall tank or of the 
inner tank in a double-wall tank: shcll plates; bottom plates; 
roof plates; knuckle plates; compression rings; shell stiffen
ers; and man ways and nozzles including reinforcement, shell 
anchors, pipe, tubing, forgings, and bolting. 

0.1.4.2 When roof plates, knuckle plates, compression 
rings, and manways and nozzles including reinforcement are 
primarily subjected to atmospheric temperature, the rules in 
Q.2.3 shall govern. 
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Q.1.5 SECONDARY COMPONENTS 

In general, secondary components include those compo
nents that will not be stressed to a significant levcl by the 
refrigerated liquid, those whose failure will not result in 
leakage of the liquid being stored, those exposed to product 
vapors, and those that have a design metal ten1peraturc of 
- 600 P or higher. 

Q.2 Materials 

The materials requirements are based on the storage of 
refrigerated products at the design metal temperature. 

0.2.1 PRIMARY COMPONENTS 

Materials for primary components shall comply with the 
requirements ofQ.2.2 and Table Q-l. 

0.2.2 IMPACT TEST REQUIREMENTS FOR 
PRIMARY COMPONENTS 

0.2.2.1 All primary components of 9% or 5'% nickel steel 
shall be impact tested in accordance with Q.2.2.2 through 
Q.2.2.4. Impact testing is not required for primary compo
nents of austenitic stainless steel, nickel alloy, and alunlinum 
materials. Welds in high-alloy (austenitic) stainless steel shall 
be impact tested ifrequired by Q.6.3. 

Q.2.2.2 fmpact testing of plates, including structural mem
bers made of plate, shall comply with the following: 

a. Impact test specimens shall be taken transverse to the 
direction of final plate rolling. 
b. Charpy V-notch specimens shall be cooled to a tempcra
ture of - 3200 P tor A 353, A 553, and A 645 steels tor impact 
testing. 

Note: This temperature is selected to be consistent with the stan
dard requirements of the ASTM specifications. The temperature of 
-3200P also provides a convenient and safe medium (liquid nitro
gen) Lor cooling; for testing techniques, see ASTM A 370. Por eth
ylene and ethane service, the test temperature of - 220 0 P is also 
acceptable. 

c. The transverse Charpy V-notch impact values shall con
toml to Table Q-2. 
d. Each test shall consist of three specimens, and cach speci
men shall have a lateral expansion opposite the notch of not 
less than 0.0l5 in. (15 mils) as required by ASTM A 353, A 
553, and A 645. 
e. Retests shall be in accordance with ASTM A 353, A 553, 
and A 645. 
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Table Q-1-ASTM Materials for Primary Components 

Plates and Structural 
Members 

A 353 (See note I) 

A 553, Type I (see note I) 

A 645 

A 240, Type 304 
A 240, Type 304L 

8209, Alloy 3003-0 (see note 5 
8209, Alloy 5052-0 (see note 5) 
B 209, Alloy 5083-0 (see note 5) 
8209, Alloy 5086-0 (sec note 5) 
8 209, Alloy 5154-0 (sec note 5) 

8 209, Alloy 5456-0 (sec note 5) 
8221, Alloy 6061-T4 and T6 
13 308, Alloy 6061-T2 and T6 

Notes: 

Piping 
and Tubing 

A 333, Grade 8 (see note 2) 
13 444 (UNS-N06625), Gr. I 

A 334, Grade 8 (see note 2) 
13 444 (UNS-N06625), Gr. 2 

B 619 (UNS-NI0276)(seenote 3) 
B 622 (UNS-N 10276) 

A 213, Grade TP 304 
A 213, Grade TP 304 L 
A 312, Grade TP 304 (see note 3) 
A 313, Grade TP 304L (see note 3) 

A 358. Grade 304, Class I 
(sec note 4) 

13 210, Alloy 3003-0 
B 21O,Alloy 3003-HI12 
13 210,Alloy 5052-0 
13 210, Alloy 5086-0 
8210, Alloy 5154-0 

8 241, Alloy 5052-0 
B 241, Alloy 5083-0 
13 241, Alloy 5086-0 
13 241, Alloy 5454-0 
13 241 , Alloy 5456-0 

Forgings 

A522 

A 182, Grade F 304 
A 182, Grade F 304L 

Bolting 

A 320, Grades 88, B8C, 88M 
and BST 

13 247, Alloy 3003-H1l2 B211, Alloy 6061-T6 
B 247, Alloy 5083-H112Mod 

I. Wllen pressure parts are made ofASTM A 353 or A 553 material or nickel alloy, pipe flanges or pipe may be austenitic stainless steel of 
a type that cannot be hardened by heat treatment. Pipe flanges or pipe may be welded to nozzle necks or the pressure part material if the 
butt weld is located more than a distance equal to the rt measured from the face of the reinforcement where r = inside radius of the nozzle 
neck, in in., and t = thickness of the nozzle neck, in in. The design of the nozzle neck shall be based on the allowable stress value of 
weaker material. 

2. Seamless piping and tubing only. 
3. Welded pipe shall be welded from the outside only by the tungsten-arc insert gas-shielded (TG) process without the addition of filler 
metal and shall be hydrostatically tested. 
4. Impact test of welds shall be made for the welding procedure when required by Q.6.3. 

5. ASTM B 221 structural sections arc also pennitted. 

Q.2.2.3 Impact testing or structural members shall comply 
with the following: 

a. For each difTerent shape in each heat-treatment lot, one set 
of three specimens taken in the longitudinal direction from 
the thickest part of each shape shall be tested. If the heat
treatment lot consists of shapes from several ingots, tests shall 
be conducted on the various shapes of each ingot. 
b. Charpy V-notch specimens shall be cooled to a tempera
ture of 320°F (see Q.2.2.2, item b) for A 353, A 553, and A 
645 steels felr impact testing. 
c. The longitudinal Charpy V-notch impact values shall con
foml to Table Q-2. 
d. Each test shall consist of three specimens, and each speci
men shall have a lateral expansion opposite the notch of not 

less than 0.015 in. (15 ml) as required by ASTM A 353, A 
553, and A 645. 
e. Retests shall be in accordance with ASTM A 353, A 553, 
and A 645. 

Q.2.2.4 Impact testing offorgings, piping, and tubing shall 
comply with the following: 

a. Impact test specimens shall be taken from each heat 
included in any heat-treatment lot. 
b. Charpy V-notch specimens shall be cooled to a tempera
ture of ~ 320°F (see Q.2.2.2, item b) for A 522, A 333 (Grade 
8), andA 334 (Grade 8) steels for impact testing. 
c. The minimum Charpy V-notch impact values shall con
form to the longitudinal values in Table Q-2. 
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Table Q-2-Charpy V-Notch Impact Values 

Transverse Longitudinal 

Size of Specimen 
(mm) 

Value Required for 
Acceptance" 

(fl-Ib) 

Minimum Value Without 
Requiring Retestb 

(fL-lb) 

Value Required for 
Acceptancea 

(fL-lb) 

Minimum Value Without 
Requiring Retestb 

(Il-Ib) 

10 x 10.00 

10 x 7.50 

10 x 6.67 

10 x 5.00 

LO x 3.33 

10 x 2.50 

Notes: 
"Average of three specimens. 
bOnly one specimen of a set. 

20 

15 

13 

10 

7 

5 

d. Each test shall consist of three specimens, and each speci
men shall have a lateral expansion opposite the notch of not 
less than 0.015 in. (15 ml) as required by ASTM A 522, A 
333, (Grade 8), and A 334 (Grade 8). 
e. Retests shall be in accordance with ASTM A 522, A 333 
(Grade 8), and A 334 (Grade 8). 

Q.2.3 SECONDARY COMPONENTS 

Materials for secondary components shall comply with 
Q.2.3.1 and Q.2.3.2. 

Q.2.3.1 Material for the outer tank that contains the vapor
ized liquefied gas but is primarily subjected to atmospheric 
temperatures may conlorm to one of the following: 

a. Table 4-1 for design metal temperatures down to - 35°P 
(lowest one-day mean ambient temperature of - 35°F) with
out impact tests unless they are required by Table 4-1 or by 
the purchaser. 
b. Table R-4 for design metal temperatures down to .. 60°F 
without impact tests unless they are required by Table R-4 or 
by the purchaser. 
c. Paragraph Q.2.1 without impact tests unless they arc spec
ified by the purchaser. 
d. If approved by the purchaser, the material may be selected 
according to the requirements of 4.2.2. 

Q.2.3.2 Material for the outer tank that does not contain 
the vaporized liquefied gas may conform to any of the 
approved materials listed in Table 4-1. Consideration of the 
designllletal temperature is not required if the actual stress in 
the outer tank does not exceed one-half the allowable tensile 
design stress tor the material. 

16 

12 

10 

8 

5 

4 

25 20 

19 16 

17 13 

13 10 

8 7 

6 5 

Q.2.4 STRUCTURAL SHAPES 

Structural shapes of 9% and 5% nickel steel may be fur
nishcd to the chemical and physical requirements ofASTMA 
353, A 553, or A 645. Physical tcsts shall be in accordance 
with the requirements ofASTM A 6. 

Q.2.5 PIPING, TUBING, AND FORGINGS 

Q.2.5.1 Material used tor piping, tubing, and forgings shall 
be compatible in welding and strength with thc tank shell 
material. In addition to the specific requirements of this 
appendix, all piping within the limitations of 1.3.2 shall fulfill 
the minimum requirements of AS ME B31.3. 

Q.2.5.2 Nickel alloy material B 444 (UNS-N06625), 
B 622 and B 619 (UNS-Nl0276) in Table Q-l may be 
used for piping and tubing as a substitute tor A 333, Grade 
8 or A 334, Grade 8 for 9% In (A 353, A 553) and 5% In 
(A 645) storage tanks, providing these materials meet the 
applicable requirements in this appendix and are not used 
for reinforcement. 

Q.3 Design 

Q.3.1 WEIGHT OF LIQUID STORED 

The weight of liquid stored shall be assumed to be the 
maximum weight per ft3 of the specified liquid within 
the range of operating tcmperatures, but in no case shall 
the assumed minimum weight be less than 29.3 [b/n3 for 
methane, 34.21 lb/ft3 for ethane, and 35.5 lb/ft3 for eth
ylene. 



Q-4 API STANDARD 620 

Q.3.2 DESIGN METAL TEMPERATURE 

The design metal temperature of each component exposed 
to the liquid or vapor being stored shall be the lower of the 
temperatures specified as follows: 

a. The design metal temperature of the components of the 
single-wall tank or the inner tank of a double-wall tank shall 
be the minimwn temperature to which the tank contents shall 
be refrigerated, including the etIect of subcolony at reduced 
pressure. 

b. The design metal temperature of the secondary compo
nents shall be the lower of the minimum atmospheric 
temperature conditions (see 4.2.1) and the vaporized liquefied 
gas temperature, if the components are in contact with the 
vapor. The ef-Iectiveness of the insulation in keeping the metal 
temperature above the minimum atmospheric or refrigerated 
temperature shall bc considered. 

Q.3.3 ALLOWABLE DESIGN STRESSES 

Q.3.3.1 The maximum allowable design stresses for the 
materials outlined in Q.2.1 shall be in accordance with Table 
Q-3. 

Q.3.3.2 The values ()r the allowable design tensile stress 
given in Table Q-3 lor materials other than bolting steel are 
the lesser of (a) 331/3% of the specified minimwn ultimate 
tensile strength lor the material or (b) 662/3% of the specified 
minimum yield strength, but they are 75% of the specified 
minimum yield strength for the stainless steel, nickel alloy, 
and aluminum materials. Allowable test stresses are based on 
the limitation of Q.8.1.3. If the weld filler metal has an 
unspecifled yield strength, or specified minimwn yield or ulti
mate tensile strength below the specified minimums lor the 
base metal, the base metal allowable stresses shall be based 
on the weld metal and heat-aHected zone strengths as deter
mined by Q.6.1. Where welding procedure qualification test
ing shows the deposited weld metal and heat afiected zone 
strengths, the base metal strengths shall be used, except for 
Table Q-3, notes (a) and (b). 

Q.3.3.3 Where plates or structural members are used as 
anchor bars [or resisting the shell uplift, the allowable design 
and test stresses for the material shall be used for the design 
and overload test conditions, respectively. 

Q.3.3.4 Allowable compressive stresses shall be in accor
dance with 5.5.4 except that for aluminum alloy plate the 
allowable compressive stresses shall be reduced by the ratio 
of the modulus of compressive elasticity to 29,000 for values 
of (t ~ c)/ R less than 0.0175 and by the ratio of the minimwn 
yield strength tor the aluminum alloy in question to 30,000 
tor values of (t - c)/ R equal to or greater than 0.0175 (see 
5,5,2 lor definitions). rn all other equations in this standard 
where yield strength or modulus of elasticity is used, such as 

Equations 27 and 28, similar corrections shall be made tor 
aluminwn alloys. 

Q.3.3.5 The maximwn allowable tensile stress lor design 
loadings combined with wind or earthquake loadings shall 
not exceed 90% of the minimum specified yield strength for 
stainless steel or aluminum. 

Q.3.3.6 For allowable stresses in aluminum alloy structural 
members and minimum modulus of compressive elasticity, 
see the Aluminwn Association "Specifications for Aluminum 
Structures~Allowable Stress Design and Commentary." 
Materials shall be those pemlitted in Table Q-l. 

Q.3.4 BOTTOM PLATES 

Q.3.4.1 The tank shell that contains the liquid shall have 
butt-welded annular bottom plates with a radial width that 
provides at least 24 in. between the inside of the shell and any 
lap-welded joint in the remainder of the bottom and at least a 
2-in. projection outside the shell. A greater radial width 
(Lmin) of annular plate is required when calculated by the fol
lowing equations: 

For steel, 

390tb 

Llllin = 'J(==H==)=( G:::::) m. 

For aluminum, 

255tb 

L lllin 
= J(H)( G) m. 

where 

tb = nominal thickness of the annular plate, in in., 

Ii = maximum height of the liquid, in fl, 

G design specific gravity ofthe liquid to be stored. 

Q.3.4.2 The thickness of the annular bottom plates shall be 
in accordance with Table Q-4 (tor steel or aluminum, as 
applicable). The thicknesses shown are minimums. 

Q.3.4.3 The ring of annual plates shall have a circular out
side circumference, but it may have a regular polygonal shape 
inside the tank shell with the nwnber of sides equal to the 
nwnber of annular plates. These pieces shall be butt-welded 
in accordance with Q.7.1.1, Item b. 

Q.3.4.4 The plates ofthe frrst shell course shall be attached 
to the annular bottom plates by a weld as required by 5.9.5 
except when a full-penetration weld is used or required (sec 
Q.7.1.1). 
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Table Q-3-Maximum Allowable Stress Values 

Stress Value (lbf/in.2) 

Special Minimum Allowable Stress 

ASTM Specifications Tensile Strength Yield Strength Design Test 

Plate and Structural Members 

A 353 100,000 75,000 

A 553, Type I 100,000 85,000 
A 645 95,000 65,000 31,700b 42,000b 

A 240, Type 304 75,000 30,000 22,500 27,000 
A 240, Type 304L 70,000 25,000 18,750 22,500 

B 209, Alloy 3003-0 14,000 5,000 3,750 4,500 
B 209, Alloy 5052-0 25,000 9,500 7,100 8,550 

8209, Alloy 5083-0 40,000g 18,OOOg 13,300g 16,200g 

B 209, Alloy 5086-0 35,000 14,000 10,500 12,600 

B 209, Alloy 5154-0 30,000 11,000 8,250 9,900 
B 209, Alloy 5456-0 42,OOOg 19,000g 14,OOOg 17,IOOg 

13 221, Alloy 3003-0 14,000 5,000 3,750 4,500 
B 22 I, Alloy 5052-0 25,000 10,000 7,500 9,000 

8221, Alloy 5083-0 39,000 16,000 12,000 14,400 
B 221, Alloy 5086-0 35,000 14,000 10,500 12,600 
B 221, Alloy 5154-0 30,000 11,000 8,250 9,900 

13 221, Alloy 5456-0 41,000 19,000 13,600 17,1 00 
13 221, Alloys 6061-T4 and T6 24,000 8,000 10,000 

13 308, Alloys 6061-T4 and T6 24,000 8,000 10,000 

Piping and Tubing 

A333, Grade 8 100,000 75,000 
A 334, Grade 8 100,000 75,000 

A 213, Grade TP, Type 304 75,000 30,000 22,500 27,000 
A 213, Grade TP, Type 304L 70,000 25,000 18,750 22,500 

A 312, Grade TP, Type 304C 75,000 30,000 22,500 27,000 
A 312, Grade TP, Type 304L" 70,000 25,000 18,750 22,500 

A 358, Grade 304, Class I 75,000 30,000 22,500 27,000 
B 210, Alloy 3303-0 14,000 5,000 3,750 4,500 

13 210, Alloy 3003-H 112 14,000 5,000 3,750 4,500 
B 210, Alloy 5052-0 25,000 10,000 7,500 9,000 

B 210, Alloy 5086-0 35,000 14,0001 0,500 12,600 
B 210, Alloy 5154-0 30,000 11,000 8,250 9,900 

B 241, Alloy 5052-0 25,000 10,000 7,500 9,000 
B 241, Alloy 5083-0 39,000 16,000 12,000 14,400 
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Table Q-3-Maximum Allowable Stress Values (Continued) 

Stress Value (lbtiin2 ) 

Speeial Minimum Allowable Stress 

ASTM Specifications 

B 241, Alloy 5086-0 

B 241, Alloy 5454-0 
13 241, Alloy 5456-0 

B 444 (UNS-N06625), Grade I 

B 444 (UNS-N06625), Grade 2 
B 619 (UNS-N 1(276), Class Ie 
13 622 (UNS-N 1(276) 

A 522 
A 182, Grade F, Type 304 

A IS2, Grade F, Type 304L 

13 247, Alloy 3003-H112 
13 247, Alloy 5083-H112 Modd 

B 211, Alloy 6061-T6 

A 320 (strain-hardened: Grade 13S, 13SC, B8M 
and 13ST) 

:0; 3/4 in. 

> 3/4 - I in. 
> 1- 11/4 in. 
> 11/4 - 11;2 in. 

A 320 (solution-treated and strain-hardened grades 
when welded) 

Grades 138, I3SM, and B8T-all sizes 

Notes: 

Tensile Strength 

35,000 

31,000 
41,000 

120,000 
100,000 
100,000 
100,000 

IOO,O()O 

75,000 
65,000 

14,000 
38,000 

42,000 

125,000 
115,000 
105,000 
100,000 

75,000 

Forgings 

Boltinge 

Yield Strength 

14,000 

12,000 
19,000 

60,000 
40,000 
41,000 
41,000 

75,000 
30,000 
25,000 

5,000 
16,000 

35,000 

100,000 
80,000 
65,000 
50,000 

30,000 

Design 

10,500 

9,000 
13,650 

40,0001' 
30,()00f 

30,7501' 
30,7501' 

22,500 
18,750 

3,750 
12,000 

10,500 

30,000 
26,000 
21,000 
16,000 

15,000 

Test 

12,600 

10,800 
17,100 

54,0001' 
36,OOOf 
36,9001' 
36,9001' 

27,000 
22,500 

4,500 
14,400 

aThe allowable stresses for these materials are based on the lower yield and tensile strength of the weld metal or base metal, as deter
mined by Q.6.1, and the design rules in Q.3.3.2. The minimum measured tensile strength shall be 95,000 lbtiin 2 and minimum mea
sured yield strength shall be 52,500 Ibtiin.2 The maximum permitted values to be used for determining the allowable stress are 
100,000 Ibl/in.2. hx tensile strength and 58,000 lbl/in.2 for yield strength. 

bBased on the yield and tensile strength of the weld metal, as determined by Q.6.1. The minimum measured tensile strength shall be 
95,000 psi and the minimum measured yield strength shall be 52,500 lbtiin.2. 

eFor welding piping or tubing, a joint eJliciency of O.SO shall be applied to the allowable stresses for longitudinal joints in accordance 
with 5.23.3. 

dThe designation Mod requires that the maximum tensile and yield strength and the minimum elongation of the material conform to the 
limits 01'13 209, Alloy 5083-0. 

eSee 5.6.6. 

gThese allowable stress values are for materials thickness up to and including 1.5 in. For thickness over 1.5 in., allowable stress values are 
to be established per Q.3.3.2 using ASTM data of tensile (ultimate) and yield strength for these grades. 

JNot to be used for opening reinforcement when used with A 353, A 553, and A 645. 
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Table Q-4A-Minimum Thickness for the Annular Bottom Plate: Steel Tanks 

Nominal Thickness Design Stressa in First Shell Course (lbtiin2 ) 

of First Shell 
Course (in.) :::; 19,000 22,000 25,000 28,000 31,000 34,000 

:::;0.75 1/4 1/4 1/4 9/32 11/32 13/32 

> 0.75 - 1.00 1/4 1/4 9/32 11/32 7/16 17/32 

> 1.00 - 1.25 1/4 1/4 11/32 7/16 17/32 21/32 

> 1.25 - 1.50 9/32 13/32 17/32 21/32 25/32 

Notes: 

The thicknesses and widths (see Q.3.4.I) in this table are based on the foundation providing a uniform support under the full width of the annu
lar plate. Unless the foundation is properly compacted, particularly at the inside of a concrete ringwall, settlement will produce additional 
stresses in the annular plate. The thickness of the annular bottom plates need not exceed the thickness of the first shell course. The minimum 
thicknesses for annular boltom plates were derived based on a Elligue cycle life of 1000 cycles for aluminum tanks. 

aThe stress shall be calculated using the formula [(2.6D) x (HG)]/I, where D = nominal diameter of the tank, in ft; H = maximum fllling height 
of the tank for design, in ft; G = design specific f,'Tavity; and I = design thickness of the first shell course, excluding corrosion allowance, in in. 

Table Q-4B-Minimum Thickness for the Annular Bottom Plate: Aluminum Tanks 

Nominal Thickness Design Slressa in First Shell Course (lbf/in?) 
of First Shell 
Course (in.) 12,000 13,000 14,000 15,000 16,000 17,000 

::;0.50 1/4 9/32 9/32 5/16 5/16 

> 0.50 - 0.75 11/32 13/32 15/32 1;2 n'32 

> 0.75 - 1.00 15/32 17/32 19/32 Ys 11;16 23/32 

> 1.00 - 1.25 5;8 3/4 13/16 7;8 29/32 

> 1.25 - 1.50 3/4 29/32 31/32 11/32 ]1;8 

> 1.50 - 1.75 7;8 1\;16 15/32 ]1/4 ]5/16 

> 1.75 - 2.00 ]7/32 15/16 113/32 11/2 

Notes: 

The thicknesses and widths (see Q.3.4.1) in this table are based on the foundation providing a uniform support under the full width of the 
annular plate. Unless the foundation is properly compacted, particularly at the inside of a concrete ringwall, settlement will produce addi
tional stresses in the annular plate. The thickness of the annular bottom plates need not exceed the thickness of the first shell course. The 
minimum thicknesses for annular bottom plates were derived based on a fatigue cycle life of 1000 cycles for aluminum tanks. 

'The stress shall be calculated using the formula [(2.6D) x (HG)] t, where D = nominal diameter of the tank, in ft; IT = maximum filling 
height of the tank for design, in ft; G = design specific gravity; and t = design thickness of the first shell course, excluding corrosion allow
ance, in in. 
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Q.3.4.5 Butt-welds in annular plates shall be not closer 
than 12 in. from any vertical weld. 

Q.3.4.6 Three-plate laps or butt-weld junctions in tank bot
toms shall be not closer than 12 in. from each other or from 
the butt-welds of the annular plates. 

Q.3.4.7 Bottom plates, other than annular bottom plates tor 
a 91% or 5% nickel steel or stainless steel tank that contains 
liquid, may have a minimum thickness of 3/16 in. exclusive of 
any specified corrosion allowance. 

Q.3.5 SHELL STIFFENING RINGS FOR TANKS 
THAT CONTAIN LIQUID 

Q.3.5.1 lnternal or external shell stiffening rings may be 
required to maintain roundness when the tank is subjected to 
wind, vacuum, or other specified loads. When stitlening rings 
are required, the stillener-to-shell weld details shall be in 
accordance with Figure Q-I and Q.3.5.2 through Q.3.5.5. 

Q.3.5.2 The 8tiJlener ring and backing strip (if used) are 
primary components, and they shall comply with the require
ments of Q.2.1. The stitlener rings may be fabricated Irom 
plate using an intermittent weld on alternating sides between 
the web and the flange. 

Q.3.5.3 One rat hole with a minimum radius 01'·"\14 in. shall 
be provided at each longitudinal shell joint and ring juncture 
weld (see Figure Q-l ). 

Q.3.5.4 Except for aluminum or stainless steel tanks, all 
fillet welds shall consist of a minimum of two passes. The 
ends of the fillet welds shall be 2 in. from the rat hole (see 
Figure Q-l), and these welds shall be deposited by starting 2 
in. from thc rat hole and welding away Irom the rat hole. An 
acceptable alternative to the detail that includes stopping fillet 
welds 2 in. short of the rat hole would be to weld continu
ously through the rat hole from one side of the stillener to the 
opposite side. All craters in fillet welds shall be repaired by 
back welding. 

Q.3.5.5 Any joints between the acljacent sections of stifT
cni ng rings, as shown in Figure Q-I, shall be made so that 
the required moment of inertia of the combined ring-shell 
section is provided. Weld joints between adjacent sections 
shall be made with lull-thickness and full-penetration butt
welds. Stillening-ring butt-welds may employ metal back
ing strips. Backing strips and the associated welding shall 
be made in a manner that provides a smooth contour in the 
rat hole and all other weld joint ends. All weld passes shall 
be started at the rat hole and other weld joint ends and shall 
be completed by moving away from these ends. Passes shall 
be overlapped away from edges to provide a smooth contin

uous weld. 

Q.3.6 TANK ANCHORAGE 

Q.3.6.1 In addition to the loads in QA, Q.5.1, and Q.5.2, 
the anchorage for the tank that contains liquid, whether it be a 
single-wall tank or the inner tank of a double-wall tank, shall 
be designed to meet the requirements of Q.3.6.2 through 
Q.3.6.5. 

Q.3.6.2 The anchorage shall accommodate movement of 
the tank wall and bottom caused by thermal changes. 

Q.3.6.3 For Appendix Q tanks, 9% or 5% nickel steel, 
stainless steel, or aluminum anchorage may be used; carbon 
steel may be used when a corrosion allowance is provided. 
Aluminum anchorage shall not be imbedded in reinforced 
concrete unless it is suitably protected against corrosion. 

Q.3.6.4 For anchored flat-bottom tanks, the anchorage 
shall be designed as described in Q.3.6A.l through Q.3.6A.3. 

Q.3.6.4.1 When the topshell course is the minimum thick
ness indicated in 5.10.4 and Figure 5-6, details a~e, h, and i, 
the minimum anchorage shall be designed for normal loads as 
specified by the purchaser and by this standard. See 5.11.2.3 
for the allowable stress. 

Q.3.6.4.2 When the topshell course is thickened as in 
Figure 5-6, details f and g, or a knuckle is used, the mini
mum anchorage shall be designed for three times the inter
nal design pressure. The allowable stress for this loading is 
90% of the minimum specified yield strength of anchorage 
material. 

Q.3.6.4.3 As an alternative to Q.3.6.4.2, the purchaser may 
specify a combination of norn1al anchorage design, (see 
Q.3.6.4.1) and emergency venting. 

Q.3.6.5 The foundation design loading for Q.3.6A is 
described in Q.lOAA. 

Q.4 Design of a Single-Wall Tank 

The purchaser shall specifY the design metal temperature 
and pressures (internal and external), specific t,Tfavity of the 
content to be stored, roof live loads, wind load, earthquake 
load where applicable, and corrosion allowance, if any. 

Q.5 Design of a Double-Wall Tank 

Q.5.1 DESIGN SPECIFICATIONS 

The outer bottom, shell, and roof of a double-wall tank 
shall enclose an insulating space around the bottom, shell, 
and roof or insulation deck of the inner tank that contains 
the stored liquid. The annular space shall be maintained at a 
low positive pressure, which necessitates that the enclosure 
be vapor-tight. The purchaser shall specify the design metal 
temperature and pressure of the inner tank and may specify 
the design temperature and pressure of the outer tank. The 
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Continuous fillet weld (see Q.3.5) 

Tank shell ---..... 

Notes: 
I. See Q.3.5.4 for alternative fillet-weld termination details 
2. Backing strips are pcnnitted on stiffening-ring junction welds. 

Figure Q-1-Typical Stiffening-Ring Weld Details 

purchaser shall state the specific gravity of the content to be 
stored, roof live loads, wind load, earthquake load where 
applicable, and corrosion allowance, if any. 

Q.5.2 COMBINATION OF DESIGN LOADS 

Q.5.2.1 Inner Tank 

The inner tank shall be designed tor the most critical com
binations of loading that result from internal pressure and liq
uid head, the static insulation pressure, the insulation pressure 
as the inner tank expands aJl:er an in-service period, and the 
purging or operating pressure of the space between the inner 
and outer tank shells, unless the pressure is equalized on both 
sides of the inner tank. 

Q.5.2.2 Outer Wall 

The outer wall shall be designed lor the purging and oper
ating pressure of the space between the inner and outer tank 
shells and for the loading from the insulation, the pressure of 
wind forces, and the roof loading. 

Q.5.3 MINIMUM WALL REQUIREMENTS 

Q.5.3.1 Outer Tank 

The outer tank bottom, shell, and roof shall have a mini
mum nominal thickness 0(,3/16 in. (7.65 lbfltl2) and shall con
foml to the material requirements ofQ.2.3. 

Q.5.3.2 InnerTank 

In no case shall the nominal thickness of the inner tank 
cylindrical sidewall plates be less than that described in Table 
Q-5; the plates shall confoml to the material requirements of 
Q.2.1. 

Note: The nominal thickness of cylindrical sidewall plates refers to 
the tank shell as constructed. The thicknesses specified are based on 
erection requirements. 

Q.5.3.3 Inner Tank Tolerances 

For inner cylindrical walls, the tolerances shall be in 
accordance with 6.4.2.1, 6.4.2.2.2, 6.4.2.3, and Table Q-6, 
which supersedes Table 6-1. 
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Table Q-5-Nominal Thickness of Inner Tank 
Cylindrical Sidewall Plates 

Nominal Cylinder Diameter (ft) Nominal Plate Thickness (in.) 

Stainless sleel and nickel sleel 

Aluminum 

< 60 

60- 140 

>140-220 

> 220 

< 20 

20 - 120 

> 120- 200 

> 200 

Q.6 Welding Procedures 

The rules in this section shall apply to all primary compo
nents of the tank. Covered electrodes and bare-wire elec
trodes used to weld 9'% and 5'% nickel steel shall be limited to 
those listed inAWS 5.11 andAWS 5.14. The secondary com
ponents shall be welded in accordance with the basic rules of 
this standard unless the requirements of this appendix or 
Appendix R are applicable. 

The outer tank, which is not in contact with the vaporized 
liquefied gas, may be of single-welded lap or single-welded 
butt construction when the thickness does not exceed ~ in.; 
at any thickness, the outer tank may be of double-welded butt 
construction without necessarily having lull fusion and pene
tration. Single-welded joints shall be welded lrom the outside 
to prevent corrosion and the entrance of moisture. 

When the outer tank is in contact with the vaporized lique
fied gas, it shall conform to the lap- or butt-welded construc
tion described in this standard except as required in Q.7.1.2.2. 

Q.6.1 WELDING PROCEDURE QUALIFICATION 

Specifications for the standard welding procedure tests and 
confimlation of the minimum ultimate tensile strength are 
found in 6.7. When the weld filler metal has an unspecified 
yield stren!,rth, a specif:ied minimum yield or ultimate tensile 
strength below the specified minimums for the base metal, or 
the welding procedure qualification test shows the deposited 
weld metal tensile test strength is lower than the specified 
minimum ultimate tensile strength of the base metal; two all
weld-metal specimens that confoml to the dimensional stan
dani of Figure 9 of AWS A5.11 shall be tested to determine 
the minimum yield and ultimate tensile strength required by 
Table Q-3; or for determining allowable stress values in 
Q.3.3.2. The yield strength shall be detemlined by the 0.2% 
OtTset Method. 

Table Q-6-Radius Tolerances for the Inner 
Tank Shell 

Diameter Range (11) 

Stainless steel and nickel steel 

Aluminum 

< 140 

140- 220 

>220 

<20 

20 - 120 

> 120-200 

>200 

Radius Tolerance (in.) 

± I 

± 11/4 

± [1/4 

Q.6.2 IMPACT TESTS FOR 9% AND 5% NICKEL 
STEEL 

Impact tests for primary components of 9'% and 5% nickel 
steel shall be made for each welding procedure as described 
in Q.6.2.l through Q.6.2.5. 

Q.6.2.1 Charpy V-notch specimens shall be taken from the 
weld metal and from the heat-affected zone of the welding 
procedure qualification test plates or from duplicate test plates. 

Q.6.2.2 Weld metal impact specimens shall be taken across 
the weld with the notch in the weld metal. The specimen shall 
be oriented so that the notch is nomlal to the surface of the 
material. One face of the specimen shall be substantially par
allel to and within 1116 in. ofthe surface. 

Q.6.2.3 Heat-affected zone impact specimens shall be 
taken across the weld and as near the surface of the material 
as is practicable. The specimens shall be of su1Jicient length 
to locate the notch in the heat-affected zone aller etching. The 
notch shall be cut approximately normal to the material sur
face to include as much heat-affected zone material as possi
ble in the resulting fracture. 

Q.6.2.4 Impact test specimens shall be cooled to the tem
perature stated in Q.22. 

Q.6.2.5 The required impact values and lateral expansion 
values of the weld metal and the heat-allected zone shall be 
as given in Q.2.2.2, items c and d, respectively. Where erratic 
impact values are obtained, retests will be allowed if agreed 
upon by the purchaser and the manufacturer. 

Q.6.3 IMPACT TESTS FOR HIGH ALLOYS 

Q.6.3.1 Impact tests are not required for the high-alloy 
(austenitic stainless steel) base materials, nickel alloy based 
materials, aluminum base materials, and weld deposited for 
the nonferrous (aluminum) materials. 
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Q.6.3.2 Impact tests are not required for austenitic stain
less steel welds deposited by all the welding processes for 
services of ~ 200°F and above. 

Q.6.3.3 Austenitic stainless steel welds deposited for ser
vice below ~ 200°F by all welding processes shall be impact 
tested in accordance with Q.6.2 except that the required 
impact values shall be 75% of the values as given in Q.2.2.2, 
item c. Electrodes used in the production welding of the tank: 
shall be tested to meet the above requirements. 

Q.6.3.4 Impact tests are not required for nickel alloy welds 
made with electrodes classified as AWS A5.11 (Classes E Ni 
Cr Fe-2, E Ni Cr Fe-3, E Ni Cr Mo-6) or AWS A5.14 (Classes 
E R Ni Cr-3, Er Ni Cr Fe-6), when deposited by the shielded 
metal-arc welding (SMAW) process or the gas metal-arc 
welding (GMAW) process (see 6.6.2). 

Q.6.4 IMPACT TESTS FOR SECONDARY 
COMPONENTS 

When impact tests are required by Q.2.3.1 for secondary 
components, they shall conform to the requirements of 
ASTM A 20, Supplementary Requirement, paragraph S 5, 
this appendix, or Appendix R, whichever is applicable. 

Q.6.5 PRODUCTION WELDING PROCEDURES 

The production welding procedures and the production 
welding shall confom1 to the requirements of the procedure 
qualification tests within the following limitations: 

a. Individual weld layer thickness shall not be substantially 
greater than that used in the procedure qualification test. 
b. Electrodes shall be of the same AWS classiftcation and 
shall be of the same nominal size or smaller. 
c. The nominal preheat and interpass temperatures shall be 
the san1C. 

Q.6.6 PRODUCTION WELD TESTS 

Q.6.6.1 Production weld test plates shall be welded and 
tested for primary-component butt-welded shell plates. The 
number of production weld tests shall be based on the 
requirements ofQ.6.6.2 and Q.6.6.3. Weld testing shall be in 
accordance with Q.6.6.4. Test plates shall be made from 
plates produced only from the heats that are used to produce 
the shell plates tor the tank. 

Q.6.6.2 Test plates shall be welded using the same quali
fied welding procedure and electrodes that are required lor 
the tank shell plate joints. The test plates need not be welded 
as an extension of the tank: shell joint but shall be welded in 
the required qualified positions. 

Q.6.6.3 One test weld shall be made on a set of plates from 
each specification and grade of plate material, using a thick
ness that would qualify tor all thicknesses in the shell. Each 

test welded of thickness t shall quali ly for plate thicknesses 
from 2t down to t/2, but not less than 5/8 in. For plate thick
nesses less than 5/8 in., a test weld shall be made for the thin
nest shell plate to be welded; this test weld will qualify plate 
thicknesses from t up to 2t. 

Q.6.6.4 Test welds shall be made for each position and for 
each process used in welding the tank shell, but a manual ver
tical weld will qualify manual welding of all positions. Test 
welds are not required for automatically welded circumleren
tialjoints in cylindrical shells. 

Q.6.6.5 The impact specimens and testing procedure shall 
conform to Q.6.2.1 through Q.6.2.5. 

Q.6.6.6 By agreement between the purchaser and the man
ufacturer, production test welds lor the first tank shall satisfy 
the requirements of this paragraph for similar tanks at the 
same location if the tanks are fabricated within 6 months of 
the time thc impact tests were made and found satisfactory. A 
change in any essential variable shall require additional pro
duction testing. 

Q.7 Requirements for Fabrication, 
Openings, and Inspection 

Q.7.1 WELDING OF PRIMARY COMPONENTS 

Q. 7 .1.1 The following primary components shall be joined 
with double butt-welds that have complete pcnetration and 
complete fusion except as noted: 

a. Longitudinal and circumferential shell joints. 
b. Joints that connect the annular bottom plates together. 
c. Joints that connect sections of compression rings and sec
tions of shell stiffeners together. Backup bars may be used for 
these joints with complete penetration and complete fusion 
detail. 
d. Joints around the periphery of a shell insert plate. 
e. Joints that connect the shell to the bottom, unless a method 
ofleak checking is used (see Q.S.2.1), in which case double 
fillet welds are acceptable (see Q.S.2.2). 

Q.7.1.2 Fillet welds shall be made in the manner described 
in Q.7.1.2.1 through Q.7.1.2.3. 

Q.7.1.2.1 All primary components joined together by fillet 
welds shall have a minimum of two passes, except aluminum 
material and as pem1itted tor stillening ring attachment to 
shell (see Q.3.5.4). 

Q.7.1.2.2 Outer tank: bottom components exposed to 
vaporized liquefied gas and joined together by fillet welds 
shall have a minimum of two passes. 

Q.7.1.2.3 For 9% nickel material, sandblasting or other 
adequate means must be used to remove mill scale from all 
plate edges and surfaces before flllet welds in contact with thc 
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refrigerated liquid and vaporized liquefied gas are welded. 
Sandblasting, or other adequate means, is required to remove 
slag from the first welding pass if coated electrodes are used. 

0.7.1.2.4 Slip-on flanges may be used where specifically 
approved by the purchaser. 

0.7.1.3 Butt-welds in piping nozzles, manway necks, and 
pipe fittings, including weld neck flanges, shall be made 
using double butt-welded joints. When accessibility does not 
permit the use of double butt-welded joints, single butt
welded joints that ensure full penetration through the root of 
the joint are pemlitted. 

0.7.2 CONNECTIONS IN PRIMARY COMPONENTS 

0.7.2.1 All connections located in primary components 
shall have complete penetTation and complete fusion. 

0.7.2.2 Acceptable types of welded opening connections 
are shown in Figure 5-8, panels a, b, c, g, 11, m, and o. 

0.7.2.3 Flanges for nozzles and manways shall be in 
accordance with this standard; however, the material shall 
comply with the requirements ofQ.2.1 or Q.2.2. 

0.7.3 POSTWELD HEATTREATMENT 

0.7.3.1 Cold-formed 9% and 5% nickel plates shall be 
postweld heat tTeated (or stress relieved) when the extreme 
fiber strain from cold forming exceeds 3% as determined by 
the f()m1Ula: 

where 

s strain, in percent, 

plate thickness, in in., 

RJ = final radius, in in., 

Ro = original radius, in in. (infinity for fiat plate). 

0.7.3.2 If postweld heat treatment (or stress relief) is 
required for 9% and 5%) nickel, the procedure shall be in 
accordance with paragraph UCS-56 in Section VIII of the 
ASME Code (with a holding temperature range from 1025°F 
to 1085°F), but the cooling rate from the postweld heat treat
ment shall be not less than 300°F per hour down to a temper
ature of 600°F. A vessel assembly, or plate that requires 
postweld heat treatment, must be postweld heat treated in its 
entirety at the same time. Methods for local or partial 
postweld heat treatment cannot be used. Pieces individually 
cold formed that require postweld heat tTeatment may be heat 
treated belore being welded into the vessel or assembly. 

0.7.3.3 Postweld heat treatment of nonferrous materials is 
nomlally not necessary or desirable. No postweld heat treat
ment shall be performed except by agreement between the 
purchaser and the manufacturer. 

0.7.3.4 Postweld heat treatment of austenitic stainless 
steel materials is neither required nor prohibited, but para
graphs UHA-lOO through UHA-109 in Section VIII of the 
ASME Code should be carelully reviewed in case postweld 
heat treatment should be considered by the purchaser or the 
manufacturer. 

0.7.4 SPACING OF CONNECTIONS AND WELDS 

0.7.4.1 In primary components, all opening connections 
12 in. or larger in nominal dianleter in a shell plate that 
exceeds 1 in. in thickness shall conform to the spacing 
requirements for butt and fillet welds described in Q.7.4.2 
through Q.7.4.4. 

0.7.4.2 The butt-weld around the periphery ofa thickened 
insert plate, or the fillet weld around the periphery of a rein
forcing plate, shall be at least the greater of 10 times the shell 
thickness or 12 in. from any butt-welded seam or the bottom
to-shell or roof~to-shell joint. As an alternative, the insert 
plate (or the reinforcing plate in an assembly that does not 
require stress relief) may extend to and intersect a l1at-bot
tom-to-shell comer joint at approximately 90 degrees. 

0.7.4.3 In cylindrical tank walls, the longitudinal weld 
joints in adjacent shell courses, including compression ring 
welds, shall be offset from each other a minimum distance of 
12 in. 

0.7.4.4 Radial weld joints in a compression ring shall be 
not closer than 12 in. from any longitudinal weld in an adja
cent shell or roof plate. 

0.7.5 INSPECTION OFWELDS BYTHE L10UID· 
PENETRANT METHOD 

The following primary-component welds shall be 
inspected by the liquid-penetrant method after stress reliev
ing, if any, and before the hydrostatic test of the tank: 

a. All longitudinal and circunlierential butt-welds not com
pletely radiographed. Inspection shall be on both sides of the 
joint. 

b. The welded joint that joins the cylindrical wall of the tank 
to the bottom annular plates. 

c. All welds of opening connections that are not completely 
radiographed, including nozzle and manhole neck welds and 
neck-to-l1ange welds. Inspection shall also include the root 
pass and every lJ2 in. of thickness of deposited weld metal 
(see 5.27.11) as welding progresses. 
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d. All welds of attachments to primary components, such as 
stiffeners, compression rings, clips, and other nonpressure 
parts. 

e. All welded joints on which backing strips are to remain 
shall also be examined by the liquid-penctrant method aner 
the frrst two layers (or beads) of weld metal have been 
deposited. 

0.7.6 RADIOGRAPHIC INSPECTION OF BUTT
WELDS IN PLATES 

Primary-component butt-welds shall be examined by 
radiographic methods as described in Q.7.6.1 through 
Q.7.6.7. 

0.7.6.1 Butt-welds in all tank wall courses subjected to a 
maximum actual operating membrane tensile stress, perpen
dicular to the welded joint, greater than 0.1 times the speci
fied minimum tensile strength of the plate material shall be 
completely radiographed. 

0.7.6.2 Butt-welds in all tank wall courses subjected to 
maximum actual operating membrane tensile stress, perpen
dicular to the welded joint, less than or equal to 0.1 times the 
specified minimum tensile strength of plate matcrial shall be 
spot radiographed in accordance with Figure Q-2. 

0.7.6.3 Butt-welds around the periphery of a thickened 
insert plate shall be completely radiographed. This does not 
include the weld that joins the insert plate with the bottom 
plate of a flat-bottom tank. 

0.7.6.4 Butt-welds at all three-plate junctions in the tank 
wall shall be radiographed except in the case of a flat bottom 
(wall) supported unifomlly by the foundation. This does not 
include the shell-to-bottom weld of a flat-bottom tank. See 
Figure Q-2 f'Jr minimum exposure ctimensions. 

0.7.6.5 Twenty-five percent of the butt-welded annular 
plate radial joints shall be spot radiographed for a minimum 
length of 6 in. The location shall be at the outer edge of the 
joint and under the tank shell. 

0.7.6.6 Twenty-five percent of the butt-welded compres
sion bar radial joints shall be spot radiographed lor a mini
mum length of6 in., except as required by 5.26.3.3. 

0.7.6.7 For aluminum tanks the radiography shall be 
judged according to the requirements of AS ME B96.l. 

0.7.7 RADIOGRAPHIC INSPECTION OF BUTT
WELDS IN PIPING 

0.7.7.1 Butt-welds in piping and in pipe fittings within the 
limitations of 1.3.2 (including the annular space of double
wall tanks) shall be radiographically inspected in conform
ance with Q.7.7.2 through Q.7.7.5. 

0.7.7.2 Longitudinal welded joints in piping that contains 
liquid shall be completely radiographed except for manufac
tured pipe welded without filler metal, 12 in. or less in diame
ter, which is hydrostatically tested to ASTM requirements. 

0.7.7.3 Longitudinal welded joints in piping that contains 
vapor shall be completely radiographed except for manufac
tured pipe welded without filler metal, 18 in. or less in diame
ter, which is hydrostatically tested to ASTM requirements. 

0.7.7.4 Thirty percent of the circumlerential wcldcdjoints 
in all piping shall be lOO% radiographed. 

0.7.7.5 Butt-welded joints uscd to fahricatc tank ftttings 
shall be completely radiographed. 

0.7.8 PERMANENT ATTACHMENTS 

All permanent structural attachments welded directly to 
9% and 5% nickel steel shall be of the same material or of an 
austenitic stainless steel type that cannot be hardened by heat 
treatment. 

0.7.9 NON-PRESSURE PARTS 

Welds for pads, lining lugs, and other nonpressure parts, as 
well as temporary lugs for alignment and scaffolcting attached 
to primary components, shall be made in full compliance 
with a welding procedure qualified in accordance with Q.6.1. 
Lugs attached for erection purposes shall be removed, and 
any significant projections of weld metal shall be ground to a 
smooth contour. Plate that is gouged or tom in removing the 
lugs shall be repaired using a qualified procedure and then 
ground to a smooth contour. Where such repairs are made in 
primary components, the area shall be inspected by the liq
uid-penetrant method. A visual inspection is adequate for 
repairs in secondary components. 

0.7.10 REPAIRS TO WELDED JOINTS 

When repairs are made to wclded joints, including the 
welds in Q.7.9, the repair procedure shall be in accordance 
with a qualified welding procedure. 

0.7.11 MARKING OF MATERIALS 

0.7.11.1 Material for primary components shall be 
marked so that the individual components can be related back 
to the mill test report. For aluminunl materials, a certificate of 
conformance shall be provided in place of a mill test report 
stating that the material has been sampled, tested, and 
inspected in accordance with the specifications and has met 
the requirements. 

0.7.11.2 All markings shall be made with a material that is 
compatible with the base material or with a round-bottom, 
low-stress die; however, 9% nickel or stainless steel less than 
1/4-in. thick shall not have a die stamp. 
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t 
Tank wall courses with maximum 
calculated operating membrane 
stress less than or equal to 
0.1 of the specified minimum 
tensile strength of the material 
(see 0.7.6.2) 

Tank wall courses with maximum 
calculated operating membrane 
stress greater than 0.1 of the 
specified minimum tensile 
strength of the material 
(see 0.7.6.1) 

1 

Top of tank wall 

3 

Bottom of tank wall 

Notes: 

3 3 

1. One circumferential spot radiograph shall be taken in the first 10ft. for each welding operator of each type 
and thickness. After the first 10 ft., without regard to the number of welders, one circumferential spot 
radiograph shall be taken between each longitudinal joint on the course below. 
2. One longitudinal spot radiograph shall be taken in the first 10 ft. for each welder or welding operator of each 
type and thickness. After the first 10 ft., without regard to the number of welders, one longitudinal spot 
radiograph shall be taken in each longitudinal joint. 
3. Longitudinal joints shall be 100% radiographed. 
4. All intersections of joints shall be radiographed. 

Figure Q-2-Radiographic Requirements for Butt-Welded Shell Joints in Cylindrical Flat-Bottom Tanks 

Q. 7 .11.3 Under some conditions, marking material that 
contains carbon or heavy-metal compounds can cause corro
sion of aluminum. Chalk, wax-basc crayons, or marking inks 
with organic coloring are usually satisfactory, 

Q.7.12 CONSTRUCTION PRACTICES 

Excessive hammering should be avoided on primary com
ponents so that the material is not hardened or severely 
dented. Any objectionable local thinning caused by hammer
ing can be repaired by welding using a qualified procedure, 
followed by grinding. The extent or rework for any repair that 
is pemlissible must be agreed to between the purchaser and 
the manufacturer. If the rework is determined to have been 
excessive, the reworked area should be cut out and replaced. 

Q.7.13 PROTECTION OF PLATES DURING 
SHIPPING AND STORAGE 

Plates shall be adequately protected during shipping and 
storage to avoid damage to plate surfaces and edges from 
handling (scratches, gouge marks, etc.) and trom environ
mental conditions (corrosion, pitting, etc.) 

Q.7.13.1 Plates shall be protected from moisture or stored 
in inclined position to prevent water from collecting and 
standing on surface. 

Q. 7 .13.2 Nine percent and five percent nickel plates which 
are exposed to humid or corrosive atmosphere shall be sand 
or grit blasted and coated with a suitable coating. The pur
chaser shall specify when plates are exposed to humid or cor
rosive atmosphere. 
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Q.8 Testing the Tank in Contact With the 
Refrigerated Product 

The provisions stated in this section are testing require
ments I()r the tank refrigerated by the liquid contents. Provi
sions noted in Q.9 cover the outer tank, which is not in 
contact with the refrigerated liquid and is subject to a higher 
temperature that approaches atmospheric. 

0.8.1 GENERAL PROCEDURE 

0.8.1.1 A thorough check for tightness and structural ade
quacy is essential for a single-wall tank or for the inner tank 
of a double-wall tank. The hydrostatic test shall be completed 
before the insulation is applied. Except as limited by founda
tion or stress conditions, the test shall consist of filling the 
tank with water to the design liquid level and applying an 
overload air pressure of 1.25 times the pressure for which the 
vapor space is designed. Where foundation or stress condi
tions do not pemlit a test with water to the design liquid level, 
the height of water shall be limited as stated in Q.8.1.2 and 
Q.8.1.3. 

0.8.1.2 The load on the supporting foundation shall pref
erably not exceed the establishcd allowable bearing value for 
the tank site. Where a thorough evaluation of the foundation 
justifies a temporary increase, the established allowable bear
ing may be increased for the test condition, but the increase 
shall be not more than 25%. 

0.8.1.3 The maximum fill shall not produce a stress in any 
part of the tank greater than 85% (may be 90% lor stainless 
steel and aluminunl materials) of the specified minimunl 
yield strength of the material or 55% of the specified mini
mum tensile strength ofthe material. 

0.8.2 TEST PRELIMINARIES 

Before the tank is filled with water, the procedures 
described in Q.8.2.l through Q.8.2.5 shall be completed. 

0.8.2.1 All welded joints in the bottom and complete pen
etration and complete fusion comer joints between the shell 
and bottom shall be inspected by applying a solution film to 
the welds and pulling a partial vacuum of at least 3 lbf/in.z 
gauge above the welds by means of a vacuum box with a 
transparent top. 

0.8.2.2 When the corner weld in Q.8.2.1 does not have 
complete penetration and complete fusion, the initial weld 
passes, inside and outside of the shell, shall have all slag and 
nonmetals removed from the surface of the welds and the 

01 welds examined visually. Aiter completion of the inside and 
outside fillet or partial penetration welds, the welds shall be 
tested by pressurizing the volunle between the inside and out
side welds with air pressure to 15 lbf/in.z gauge and applying 
a solution film to both welds. To assure that the air pressure 

reaches all parts of the welds, a sealed blockage in the annular 
passage between the inside and outside welds must be pro
vided by welding at one or more points. Additionally, a small 
pipe coupling communicating with the volunle between the 01 

welds must be welded on each side of and adjacent to the 
blockages. The air supply must be connected at one end and a 
pressure gauge connected to a coupling on the other end of 
the segment under test. 

0.8.2.3 For 9% nickel tanks, all testing surfaces of'bottom 
lap-welds and shell-to-bottom welds shall be cleaned by 
sandblasting or other adequate means betore the vaCUlU11 box 
test to prevent slag or dirt from masking leaks. 

0.8.2.4 Where the pneumatic pressure to be applied in 
Q.8.4 will be equalized on both sides of the inner tank, all 
welded joints above the test water level shall be checked with 
a solution film and by a vacuum box inspection. 

0.8.2.5 The attachment fillet welds around bottom open
ings, which do not pemlit the application of air pressure 
behind their reinforcing plates, shall be inspected by applying 
a solution film and by a vacuunl box inspection. 

0.8.3 OUALITY OF TEST WATER 

0.8.3.1 The materials used in the construction of Appen
dix Q tanks may be subject to severe pitting, cracking, or rust
ing if they are exposed to contaminated test water for 
extended periods of time. The purchaser shall specify a mini
mum quality of test water that confomls to Q.8.3.2 through 
Q.8.3.8. After the water test is completed, the tank shall be 
promptly drained, cleaned, and dried. 

0.8.3.2 Water shall be substantially clean and clear. 

0.8.3.3 Water shall have no objectionable odor (that is, no 
hydrogen sulfide). 

0.8.3.4 Water pH shall be between 6 and 8.3. 

0.8.3.5 Water temperature shall be below 120°F. 

0.8.3.6 For austenitic stainless steel tanks, the chloride 
content of the water shall be below 50 parts per million. 

0.8.3.7 For aluminum tanks, the mercury content of the 
water shall be less than 0.005 parts per million, and the cop
per content shall be less than 0.02 parts per million. 

0.8.3.8 If the water quality outlined in Q.8.3.1 through 
Q.8.3.7 cannot be achieved, alternative test methods that uti
lize suitable inhibitors (tor example, NazCG3 and/or NaG3) 

may be used if agreed to by the purchaser and the manufac
turer. 

0.8.4 HYDROSTATIC TEST 

0.8.4.1 The tank shall be vented to the atmosphere when it 
is filled with or emptied of water. 
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0.8.4.2 During water filling, the elevations of at least four 
equidistant points at the bottom of the tank shell and on top of 
the ringwall or slab shall be checked. Differential settlement, 
or unii()rm settlement of substantial magnitude, requires an 
immediate stop to water filling. Any further fLlling with water 
will depend on an evaluation of the measured settlement. 

0.8.4.3 The tank shall be filled with water to the design 
liquid level unless height is limited as noted in Q.8.1. 

0.8.4.4 Atler the tank is filled with water and before the 
pneumatic pressure is applied, anchorage, if provided, shall 
be tightened against the hold-down brackets. 

0.8.4.5 All welds in the shell, including the comer weld 
between the shell and the bottom, shall be visually checked 
for tightness. 

0.8.5 PNEUMATIC PRESSURE 

0.8.5.1 An air pressure equal to 1.25 times the pressure for 
which the vapor space is designed shall be applied to the 
enclosed space above the water level. r n the case of a double
wall tank with an open-top inner tank, where the air pressure 
acts against the outer tank and the inner tank is thus not 
stressed by the air pressure, the inner tank may be emptied of 
water belore the pneumatic pressure test begins. 

0.8.5.2 The test pressure shall be held for 1 hour. 

0.8.5.3 The air pressure shall be reduced until the design 
pressure is reached. 

0.8.5.4 Above the water level, all welded joints, all welds 
arOlmd openings, and all piping joints against which the 
pneumatic pressure is acting shall be checked with a solution 
1ilm. A visual inspection may be substituted for the solution
film inspection if the welded joint has previously been 
checked with a vacuum box. The solution-film inspection 
shall still be made, above the water level, on all welds around 
openings, all piping joints, and the compression ring welds, 
including the attachment to the roof and shell. 

0.8.5.5 The opening pressure or vacuun1 of the pressure 
relief <md vacuum relief valves shall be checked by pumping 
air above the water level and releasing the pressure and then 
partially withdrawing water from the tank. 

0.8.5.6 Aller the tank has been emptied of water and is at 
atmospheric pressure, the anchorage, if provided, shall be 
rechecked for tightness against the hold-down brackets. 

0.8.5.7 Air pressure, equal to the design pressure, shall be 
applied to the empty tank, and the anchorage, ifprovided, and 
the foundation shall be checked for uplift. 

0.8.5.8 All welded seams in the bottom and the comer 
weld, between the shell and bottom, shall be inspected by 
means of a solution film and vacuum box test similar to that 
described in Q.8.2.1 and Q.8.2.2. 

Q.9 Testing the Outer Tank of a Double
Wall Refrigerated Tank 

0.9.1 GENERAL 

The tightness test shall be made before insulation is 
installed. Where the pneumatic pressure described in Q.8.5 
acts against the outer tank, the testing requirements of Q.8.5 
will result in a check ofthe outer tank, and the procedure out
lined in Q.9.2.1 through Q.9.2.5 may be omitted. 

0.9.2 TEST PROCEDURE 

0.9.2.1 The inner tank shall be opened to the atmosphere, 
and a suiIlcient amount of water shall be added to the inner 
tank to balance the upward pressure against the inner tank 
bottom produced by the pneun1atic test of the outer tank; as 
an alternative, the pressure between the inner and outer tanks 
can be equalized. 

0.9.2.2 Air pressure shall be applied to the space enclosed 
by the outer tank equal to at least the design gas pressure but 
not exceeding a pressure that would overstress either the 
inner or outer tank. 

0.9.2.3 While the test pressure is being held, all welded 
seams and connections in the outer shell and roof shall be 
thoroughly inspected with a solution (ilm unless they were 
previously checked with a vacuum box. 

0.9.2.4 The air pressure shall be released. 

0.9.2.5 Pressure relief and vacuum relief valves shall be 
checked by applying the design gas pressure to the outer tank, 
followed by evacuation of the outer space to the vacuum set
ting of the relief valve. 

Q.10 Foundations 

0.10.1 GENERAL 

Appendix C describes the factors involved in obtaining 
adequate foundations for tanks that operate at atmospheric 
temperature. The foundations for refrigerated tanks are com
plicated because of the thermal movement of the tank, the 
insulation required tor the bottom, the effects of foundation 
freezing and possible frost heaving, and the anchorage 
required to resi st uplift. 

The services of a qualified foundation engineer are essen
tial. Experience with tanks in the area may provide sufficient 
data, but nomlally a thorough investigation, including soil 
tests, would be required for proper design of the foundation. 

0.10.2 BEARING ON FOUNDATIONS 

Foundations shall preferably be designed to resist the load 
exerted by the tank and its contents when the tank is filled 
with water to the design liquid level. Foundations shall be 
designed at least for the maximum operating conditions 
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including the wind load. During the water test, the total load 
on the foundation shall not exceed 125% of the allowable 
loading. If necessary, the water level during the test may be 
reduced below the design liquid level line so as not to exceed 
the 25% maximum overload (see Q.8.1.2). 

Q.10.3 UPLIFTING FORCE AND DOWNWARD 
WEIGHTS 

The uplifting force to be considered in designing the ring
wall or concrete pad foundation may be offset by the coexist
ent downward weights and forces, including the metal and 
insulation weight of the shell and roof and the concrete and 
earth weight transmitted by the anchorage to the shell. The 
tank shall be assumed to be empty of liquid. 

Q.10.4 UPLIFT ON FOUNDATION 

Q.10.4.1 The increased uplift described in Q.1O.4.2 and 
Q.10A.3 is intended to apply to the size of the ringwall and 
foundation but not the anchorage. 

Q.10.4.2 For tanks with an internal design pressure less 
than 1 Ibfiin.2 gauge, the uplitl shall be taken as the smaller of 
the maximum uplill values computed under the following 
conditions: 

a. The internal design pressure times 1.5 plus the desi b'1l 

wind load on the shell and roof. 
b. The internal design pressure plus 0.25 psi gauge plus the 
design wind load on the shell and roof 

Q.10.4.3 For tanks with an internal design pressure of 1 
Ibflin.2 gauge and over, the uplift, if any, shall be calculated 
under the combined conditions of 1.25 times the internal 
design condition plus the design wind load on the shell and 
roof 

Q.10.4.4 When the anchorage is designed to meet the 
requirements ofQ.3.6A.2, the foundation should be designed 

to resist the uplift: that results from three times the design 
pressure with the tank tull to the design liquid leveL When 
designing to any of the conditions in this paragraph, it is per
missible to utilize friction between the soil and the vertical 
face of the ringwall and all of the effective liquid weight. 

Q.11 Marking 

Q.11.1 DATA ON NAMEPLATE 

The data required to be marked on the tank by the manu
facturer is listed in 8.1 and shall indicate that the tank has 
been constructed in accordance with Appendix Q. 

Q.11.2 LOCATION OF NAMEPLATE 

In addition to the requirements of 8.1, the nameplate shall 
be attached to the tank: at an accessible location if it is outside 
of any insulation or protective covering of the tank. The 
nanleplate for the inner tank shall be located on the outer tank 
wall but shall refer to the inner tank. The nameplate, if any, 
for the outer tank of a double-wall tank shall be located a(~ia
cent to the nameplate or the inner tank and shall refer to the 
outer tank. 

Q.12 Reference Standards 

For rules and requirements not covered in this appendix or 
in the basic rules of this standard, the following documents 
should be referred to l()r the type of material used in the tank: 

a. For 9% and 5% nickel steels, Part urn in Section VIII of 
the ASME Code. 

b. For stainless steel, Part UHA in Section VIII of the AS ME 
Code. 

c. For aluminum, Part UNF in Section VIII of the ASME 
Code and ASME 896.1. 





APPENDIX R-LOW-PRESSURE STORAGE TANKS FOR REFRIGERATED PRODUCTS 

R.1 Scope 

R.1.1 GENERAL 

The provisions in this appendix forn1 a guide for the mate
rials, design, and fabrication of tanks to be used for the stor
age of refrigerated products. 

The requirements for a basic API Std 620 tank are super
seded by any requirements of this appendix; all other require
ments for an API Std 620 tank shall apply. 

A refrigerated tank may be a single-wall insulated tank or 
a double-wall tank that consists of an inner tank for storing 
the refrigerated liquid and an outer tank that encloses an insu
lation space (which usually has a lower gas pressure) around 
the inner tank. A double-wall tank is a composite tank, and 
the outer tank is not required to contain the product of the 
inner tank. In a double-wall tank, difTerences in materials, 
design, and testing exist between the inner and outer tanks. 

R.1.2 PRESSURE RANGE 

The provisions in this appendix apply to all design pres
sures within the scope of this standard. 

R.1.3 TEMPERATURE RANGE 

The provisions in this appendix are considered suitable for 
design metal temperatures from + 40°F to - 60°F, inclusive. 

R.1.4 PRIMARY COMPONENTS 

R.1.4.1 Tn general, primary components include those 
components whose failure would result in leakage of the liq
uid being stored, those exposed to the refrigerated tempera
ture, and those subject to them1al shock. Further definitions 
of such components are provided in R1.4.2 and RI.4.3. 

R.1.4.2 The primary components shall include, but will not 
be limited to, the following parts of a single-wall tank or of 
the inner tank in a double-wall tank: shell plates; bottom 
plates; knuckle plates; compression rings; and shell manways 
and nozzles including reinforcement, shell anchors, piping, 
tubing, forgings, and bolting. Roof nozzles in contact with the 
rctrigerated liquid shall be considered primary components. 

R.1.4.3 The primary components shall also include those 
parts of a single-wall or an inner tank that are not in contact 
with the refrigerated liquid but are subject to the refrigerated 
temperature. Such components include roof plates, roof man
ways and nozzles with their reinforcements, roof-supporting 
structural members, and shell stiffeners when the combined 
tensile and primary bending stresses in these components 
under design conditions are greater than 6000 Ibf/in.2. 

R-1 

R.1.5 SECONDARY COMPONENTS 

Secondary components are those whose failure would not 
result in leakage of the liquid being stored. Secondary com
ponents also include those components that are not in contact 
with the refrigerated liquid but are subject to the refrigerated 
temperature vapors and have a combined tensile and primary 
bending stress under design conditions that does not exceed 
6000 Ibf/in.2. Secondary components that could be designed 
within this reduced stress are roofplates, including roof man
ways and nozzles with their reinforcement, roofsupporting . 
structural members, and shell stifTeners. 

R.1.6 BASIC COMPONENTS 

Basic components are those that contain the vaporized liq
uefied gas from the stored rctrigerated liquid but primarily 
operate at atmospheric temperatures because of' insulation 
system design and natural an1bient heating. These compo
nents shall comply with the basic rules of this standard. 
Examples of such components are the outer wall and roofs of 
double-wall tanks and roof components above an internally 
insulated suspended deck. 

R.2 Materials 

The materials requirements are based on the storage of 
refrigerated products at the design metal temperature. 

R.2.1 PRIMARY COMPONENTS 

R.2.1.1 General 

Materials for primary components shall comply with the 
requirements of Tables R-I and R-2. All primary componcnts 
shall be impact tested in accordance with R2.1.2 through 
R.2.1.4. 

R.2.1.2 Impact Test Requirements for Plates 

R.2.1.2.1 Impact testing of plates, including structural 
members made of plate, shall comply with Table R-I. 

R.2.1.2.2 Impact test specimens shall be taken tTansverse 
to the direction of final plate rolling. 

R.2.1.2.3 The Charpy V-notch test shall be used, and the 
minimum impact value at the design metal temperature shall 
be as given in Table R-2. For sub size specimen acceptance 
criteria, see ASTM A 20. An impact test temperature lower 
than the design metal temperature may be used by the manu
facturer, but in such a case the impact values at the test tem
perature must comply with Table R-2. 
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Table R-1-Material for Primary Components 

Component Materials Notes 

Plate Refer to R2.1.2 1 and 2 

Pipe ASTMA 333 (seamless only) 2 and 3 

Structural Plate or pipe as listed above 4 
members Structural shapes 5 

ASTMA 36 Mod 1 6 
ASTM A 131 Grades CS, D, 

and E 
ASTM A 633 Grade A 
CSA G40.21-M Grades 260WT, 

300WT and 350WT. 

Forgings ASTMA350 2 and 3 

Bolts ASTMA 320 Grade L7 3 

Notes: 

I . See R.2. 1.4. 
2. Type 304 or 304L stainless steel material, as permitted in Table 
Q-l may be used at the maximum allowable stress values permit
ted by Table Q-3. Impact tests of this material are not required. 
Welding procedures shall be qualified in accordance with the more 
restrictive requirements of R.6.l and Q.6.3 as applicable to the 
base materials and welding material. 

3. See R.2.1.3. 
4. See R.2.1.5. 

5. Nonnalized, if necessary, to meet the required minimum Charpy 
V-notch impact values. 

6. See 4.5 ror a complete description of this material. 

R.2.1.2.4 All other impact requirements of ASTM A 20, 
Supplementary Requirement S 5, shall apply for all materials 
listed in Table R-2, including specifications that do not refer 
toASTMA20. 

R.2.1.2.5 When as-rolled plate material complies with 
impact test requirements as specified here, the material need 
not be nommlized. 11; as with ASTM A 516, the specification 
prohibits impact test without nom1alizing but otherwise per
mits as-rolled plates, the material may be ordered in accor
dance with the above provision and identified as "MOD" for 
this AP[ modification. 

R.2.1.3 Impact Requirements for Pipe, Bolting, 
and Forgings 

The impact tests tor pipe (including structural members 
made of pipe), bolting, and forgings, shall be in accordance 
with ASTM specifications reterred to in Table R-l. 

Piping materials made according to ASTM A 333 and 
A 350 may be used at design metal temperatures no lower 
than the impact test temperature required by the ASTM spec
ification for the applicable material grade without additional 

impact tests. For temperatures below those allowed by the 
ASTM specification, the following paragraph shall apply. 

For all other materials, the impact test temperature shall be 
at least 30°F colder than the design metal temperature. Alter
nately, materials impact tested at the design metal temperature 
or lower with Charpy impact test energy value of 25 ft-Ibs 
(average), 20 ft-Ibs (minimum) are acceptable for design metal 
temperatures above ~ 40°F. Materials with an energy value of 
30 ll-Ibs (average), 25 n-lbs (minimum) are acceptable lor 
design metal temperatures of ~ 40°F or lower. 

R.2.1.4 Impact Requirements for Controlled
Rolled or Thermo-Mechanical Control 
Process (TMCP) Plates 

Subject to the approval of the purchaser, controlled-rolled 
or TMCP plates (material produced by a mechanical-thermal 101 

rolling process designed to enhance the notch toughness) 
may be used where normalized plates are required. Each 
plate, as rolled, shall be Charpy V-notch tested to the require
ments of R.2.1.2. 

R.2.1.5 Impact Requirements for Structural 
Shapes 

Impact test for structural shapes listed in Table R-l shall be 
made in accordance with ASTM A 673 on a piece-testing fre
quency. Impact values, in foot-pounds, shall be 25 minimum 
average of 3 and 20 minimum individual at a temperature no 
warmer than the design metal temperature. 

R.2.2 BASIC AND SECONDARY COMPONENTS 

Materials for basic and secondary components shall com
ply with R.2.2.1 and R2.2.2. 

R.2.2.1 Material for the outer tank and for the roof that 
contains the vaporized liquefied gas but is primarily sub
jected to atmospheric temperatures may confom1 to one of 
the following: 

a. Table 4-1 for design metal temperatures down to - 35°F 
(lowest I-day mean ambient temperature of ~ 35°F) without 
impact test unless they are required by Table 4-1 or by the 
purchaser. 
b. Table R-3 tor design metal temperatures down to - 60°F 
without impact tests unless they are required by Table R-4 or 
by the purchaser. 
c. fr approved by the purchaser, the material may be selected 
by the requirements of4.2.2. 

R.2.2.2 Material tor the outer tank that does not contain the 
vaporized liquefied gas may conform to any of the approved 
materials listed in Table 4-1. Consideration of the design 
metal temperature is not required if the actual stress in the 
outer tank does not exceed one-half the allowable tensile 
design stress for the material. 
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Table R-2-Minimum Charpy V-Notch Impacta Requirements for Primary-Component Plate Specimens 
(Transverse) and Weld Specimens Including the Heat-Affected Zone 

Specification Range in 
Plate Impact Valueb (ft-Ib) Weld Impact Value (ll-Ib) 

Number Grade Thickness (in.) Average Individual Average Individual 

ASTMA 131 Csc 3!t6 - [1/2 25 20 20 15 

ASTMA 516 55 and 60 3/16 - 2 25 20 20 15 

ASTMA 516 65 and 70 3/ 16 - 2 25 20 20 [5 

ASTMA 5[6 65 and 70 Mod 1 d 3!t6 - 2 25 20 20 15 

ASTMA 516 65 and 70 Mod 2d 3/ 16 -2 25 20 20 15 

ASTMA 841 3/16 -2 25 20 20 15 

ASTMA 537 1 3116-2 25 20 20 15 

ASTMA 537 2 3116 - 2 30 25 25 20 

ASTMA662 BandC 3!t6 - 2 25 20 20 15 

ASTMA678 AC 3116 - 11/2 25 20 20 15 

ASTMA 678 BC 3!t6 - 2 30 25 25 20 

ASTMA 737 B 3!t6 - 2 25 20 20 15 

ASTMA 841 3!t6 - 2 25 20 20 15 

ISO 630 E 355 Quality Dc,d,e 3!t6 - 2 25 20 20 15 

CSA G40.21-M 260WTc,d,e 3!t6 - 2 25 20 20 15 

CSA G40.21-M 300WTc,d,e 3/ 16 -2 25 20 20 15 

CSA G40.21-M 350wtc,d,e 3116 - 2 25 20 20 15 

Notes: 
"See R.2.l.2. 
bFor design metal temperatures of - 40°F and lower, the plate impact values shall be raised 5 ft-Ib. 
CThe frequencies of testing for mechanical and chemical properties shall be at least equal to those of ASTM A 20. 
dSee 4.2.3 for a complete description of this material. 
eThe steel shall be fully killed and made with fine-grain practice. 

Table R-3-Material for Secondary Components 

Design Metal Temperature of Secondary Components 

Material 

Plate Materials as listed in Table R-4 Materials as listed in Table R-4 

Pipe ASTMA 106 As listed in 2.3 

Structural members Plate or pipe as listed above Plate or pipe as listed above 

R-3 

ASTM A 36 Mod 1 structural shapes (see 2.6) Structural shapes as listed in 2.6 or as listed under the 
- 60°F to - 20°F temperature heading 

Forgings 

Bolls 

ASTMA 131 Grade CS 
CSA G40.21-M Grades 260W, 300W, and 350W (see Note) 

ASTMA 105 

ASTMA 193 Grade B7 

ASTMA 320 Grade L7 

Note: The steel shall be llilly killed and made to fine-grain practice. 

As listed in 2. 

As listed in 2.4 

I 01 
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Table R-4-Minimum Permissible Design Metal Temperature for Plates Used as Secondary 
Components Without Impact Testing 

Minimum Design Metal Temperature, of 

Specification 
Plate Thickness Including Corrosion Allowance, in. 

Group Number Grade 3!t6~3/8 > 3/8~112 > 1/2-1 > 1-11/2 

I (semikilled) A36 Mod 2" -20 ~ 10 +5 
A 131 B ~20 - 10 +5 
CSA G40.21-M 260W 0 +10 +25 
ISO 630 E 275 Quality Cb ~20 - 10 +5 +5 

II (fully killed) A 573 58b ~30 ~20 10 0 
A 131 CS ~60 - 50 ~35 -20 
A 516 55 and 60 -30 -·20 - 10 0 
!\ 516 55 and 60c ~40 -30 
ISO 630 E 275 Quality Db ~30 ~20 ~ 10 0 
CSAG40.21-·M 260Wb ~40 -30 -15 0 

III (tully killed and A 573 65 and 70 ~30 -20 -10 +5 
high strength) 

A 516 65 and 70 ~30 -20 ~]() +5 
A 516 65 and 70 Mod Iii ~40 -30 ~ 15 0 
A 537 I and 2 ~60 -50 -35 -20 
!\ 662 BandC ~40 -30 ~ 15 0 
A 633 Cand D -60 - 50 -·35 ~20 

A 678 A and B - 60 -50 - 35 ~20 

A 737 B -60 - 50 ~35 ~20 

ISO 630 E 355 Quality Db ~30 -- 20 -10 +5 
CSA G40.21 ~M 300Wb ~40 -30 -15 0 
CSA G40.21-M 240Wb ~ 30 - 10 +5 +20 

Notes: 
When normalized, materials in this table may be used at temperatures 20°F below those shown (except for A 131 Grade CS, A 537 Classes I 
and 2, A 633 Grades C and D, A 678 Grades A and B, And A 737 Grade B). If impact tests are required for the materials listed in this table, 
they shall be in accordance with Table R-5. 
aSee 4.2.3 for a complete description of this material. 
bThe steel shall be fully killed and made with fine-grain practice, without nonnalizing, for thicknesses of 3/16 in. through 11/2 in. 

cThe manganese content shall be in the range from 0.85% to 1.20% by ladle analysis. 

R.3 Design 

R.3.1 WEIGHT OF LIQUID STORED 

The weight of the liquid stored shall be assumed to be the 
maximum weight per cubic Ic)Ot of the specified liquid within 
the range of operating temperatures, but in no case shall the 
assumed minimum weight be less than 36 Ib/ft3. 

R.3.2 DESIGN METAL TEMPERATURE 

The design metal temperature of each component exposed 
to the liquid or vapor being stored shall be the lower of the 
following: 

a. The minimum temperature to which the tank: contents will 
be rethgerated, including the eHect of subeooling at reduced 
pressure. 

b. The rrnmmum metal temperature anticipated when the 
atmospheric temperature is below the refrigerated tempera
ture (see 4.2.1). The efieetiveness of the insulation in keeping 
the metal temperature above the expected minimum atmo
spheric temperature shall be considered. 

R.3.3 DESIGN ALLOWABLE STRESS 

The maximum allowable tensile stress shall be taken from 
Table 5-1 or Table Q-3. For the maximum allowable stresses 
for design loadings combined with wind or earthquake loads, 
see 5.5.6 for carbon steel and Q.3.3.5 tor stainless steel and 
aluminum. 

R.3.4 ANNULAR BOTTOM PLATES 

R.3.4.1 The tank shell that contains the liquid shall have 
butt-welded annular bottom plates with a radial width that 
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provides at least 24 in. between the inside of the shell and any 
lap-welded joint in the remainder of the bottom and at least a 
2-in. projection outside the shell. A greater radial width (Lmill ) 

of annular plate is required when calculated by the following 
equation: 

L . = 390t" 
111111 ./(H)( G) 

where 

tb nominal thickness of the annular plate, in in., 

fl maximum height of the liquid, in ft, 

G design specific gravity of the liquid to be stored. 

R.3.4.2 The thickness of the annular bottom plates shall be 
not less than the thicknesses listed in Table R-6. 

R.3.4.3 The ring of annular plates shall have a circular out
side circumference, but may have a regular polygonal shape 
inside the tank: shell with the number of sides equal to the 
number of annular plates. These pieces shall be butt-welded 
in accordance with R.7.1.1, item b. 

R.3.4.4 The plates of the first shell course shall be attached 
to the annular bottom plates by welds as required by 5.9.5 

Notes: 

1. See R.3.5,4 for alternative fillet-weld termination details. 
2 Backing strips are permitted for stiffening-ringjLlnctinn welds. 

except when a full penetration weld is used or required (see 
R.7.1.1 ). 

R.3.4.S Butt-welds in annular plates shall be not closer 
than 12 in. from any vertical weld in the tank shell. 

R.3.4.6 Three-plate laps or butt-weld j unctions in the tank 
bottom shall be not closer than 12 in. from each other and/or 
the butt-welds of the annular plate. 

R.3.S SHELL STIFFENING RINGS FOR TANKS 
THAT CONTAIN LIQUID 

R.3.S.1 Internal or external shell stitlcning rings may be 
required to maintain roundness when the tank is subjected to 
wind, vacuum, or other specified loads. When stitlening rings 
are required, the stilTener-to-shell weld details shall be m 
accordance with Figure R-l and R.3.5.2 through R.3.5.5. 

R.3.S.2 The stiftener ring and backing strip, if used, are 
primary components, and they shall comply with the require
ments of R.2.1. The stiffener ring may be fabricated from 
plate using an intermittent weld on alternating sides betwecn 
the web and the flange. 

R.3.S.3 One rat hole with a minimum radius of3/4 in. shall 
be provided at each longitudinal shell joint and ring juncture 
weld (see Figure R-l). 

Continuous fillet weld (see R.3.5) 

Tank shell ----.I 

Figure R-1-Typical Stiffening-Ring Weld Details 
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R.3.5.4 All fillet welds shall consist of a minimum of two 
passes. The ends of the fillet welds shall be 2 in. from the rat 
hole (see Figure R -I), and these welds shall be deposited by 
starting 2 in. from the rat hole and welding away from the rat 
hole. An acceptable alternative to stopping fillet welds 2 in. 
short of the rat hole would be to weld continuously through 
the rat hole from one side of the stiffener to the opposite side. 
All craters in fillet welds shall be required by back welding. 

R.3.5.5 Any joints between the adjacent sections of stilT en
ing rings, as shown in Figure R-l, shall be made so that the 
required moment of inertia of the combined ring-shell section 
is provided. Weld joints between adjacent sections shall be 
made with lull-thickness and full-penetration butt-welds. 
Stitlening-ring butt-welds may employ metal backing strips. 
Backing strips and the associated welding shall be made in a 
manner that provides a smooth contour in the rat hole and all 
other weld joints ends. All weld passes shall be started at the 
rat hole and other weld joint ends and shall be completed by 
moving away lrom these ends. Passes shall be overlapped 
away trom the edge to provide a smooth continuous weld. 

R.3.6 TANK ANCHORAGE 

R.3.6.1 In addition to the loads in RA, R.5.1, and R.5.2, 
the anchorage for the tank that contains liquid, whether it be a 
single-wall tank or the inner tank of a double-wall tank, shall 
be desi!:,'lled to meet the requirements of RJ.6.2 through 
R.3.6.5. 

R.3.6.2 The anchorage shall accommodate movement of 
the tank wall and bottom caused by thermal changes. 

R.3.6.3 The manufacturer and the purchaser should con
sider using stainless steel anchorage materials, or they should 
provide tor corrosion allowance when carbon steels are used. 
Material lor tank anchorage shall meet the requirements for 
primary components given in R2.1. 

R.3.6.4 For anchored flat-bottom tanks, the anchorage 
shall be designed as described in RJ.6A.l through R.3.6AJ. 

R.3.6.4.1 When the topshell course is the minimum thick
ness indicated in 5.1OA and Figure 5-6, details a - e, h, and i, 
the minimum anchorage shall be designed lor nornlalloads as 
specified by the purchaser and by this standard. See 5.11.2.3 
for the allowable stress. 

R.3.6.4.2 When the topshell course is thickened as in Fig
ure 5-6, details f and g, or when a knuckle is used, the mini
mum anchorage shall be designed for three times the 
internal design pressure. The allowable stress for this load
ing is 90% of the minimum specified yield strength of the 
anchorage material. 

R.3.6.4.3 As an alternative to RJ.6.4.2, the purchaser may 
speci(y a combination of nomlal anchorage design (see 
R.3.6A.l) and emergency venting. 

R.3.6.5 The foundation design loading for R3.6.4 is 
described in RlO.S.3. 

R.4 Design of a Single-Wall Tank 
The purchaser shall specify the design metal temperature 

and pressures (internal and external), specific gravity of the 
contents to be stored, roof live load, wind load, earthquake 
load where applicable, and corrosion allowance, if any. The 
insulation load shall be considered. 

R.5 DeSign of a Double-Wall Tank 

R.5.1 DESIGN SPECIFICATIONS 

The outer bottom, shell, and roof of a double-wall tank 
shall enclose an insulating space around the bottom, shell, 
and roof of the inner tank that contains the stored liquid. 
The annular space shall be maintained at a low positive 
pressure, which necessitates that the enclosure be vapor
tight. The purchaser shall specify the design metal tempera
ture and pressures (internal and external) of both the inner 
and outer tanks, specific gravity of the contents to be stored, 
roof live load, wind load, earthquake load where applicable, 
and corrosion allowance, if any. The static insulation pres
sure and pressures from expansion and contraction of the 
insulation shall be considered. 

R.5.2 COMBINATION OF DESIGN LOADS 

The inner tank shall be designed tor the most critical com
binations ofloading that result from internal pressure and liq
uid head, the static insulation pressure, the insulation pressure 
as the inner tank expands after an in-service period, and the 
purging or operating pressure of the space between thc inner 
and outer tank shells. The outer wall shall be dcsigned for the 
purging and operating pressure of the space between the inner 
and outer tank shells and for the loading for insulation, the 
pressure of wind forces, and roof]oading. 

R.5.3 OUTER TANK 

R.5.3.1 The outer tank bottom, shell, and roof shall be a 
minimum nominal thickness of 3116 in. (7.65 Ib/fl:2). 

R.5.3.2 The outer tank bottom, sheJl, and roof not in con
tact with the vaporized liquefied gas may be of single-welded 
lap or of single-welded butt construction when the thickness 
does not exceed 3/8 in.; or, at any thickness, it may be of dou
ble-welded butt construction without necessarily having full 
fusion and penetration. Single-welded joints shall be welded 
from the outside to prevent corrosion and the entrance of 
moisture. 

R.5.3.3 When in contact with the vaporized liquefied gas, 
the outer tank bottom, shell, and roof shall conform to the 
lap- or butt-welded construction described elsewhere in this 
standard. 
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Table R-5-Minimum Charpy V-Notch Impact Requirements for Secondary-Component 
Plate Specimens (Transverse) 

Group 

I (semikilled) 

II (fully killed) 

III (fully killed and 

high strength) 

Notes: 

Specification 
Number 

A36 

A 131 

ISO 630 

A 573 

A 131 

A 516 

A 516 

ISO 630 

CSA G40.21-M 

A 573 

A 516 

A 516 

A516 

A 537 

A 537 

A 633 

A 662 

A 678 

A 678 

ISO 630 

CSA G40.21-M 

A 841 

Grade 

Mod2b 

B 
Fe 430 Quality C 

58e 

CS 

55 and 60 

55 and 60d 

Fe 430 Quality DC 
260WT 

65 and 70 

65 and 70 

65 and 70 Mod Ib 

65 and 70 Mod 2b 

I 

2 

CandO 

B 
A 

B 
Fe 52 Quality Dc 
300WT 

Range in 
Impacl Valuc" 

Thickness 
( fooL-pounds) 

(in.) Average Individual 

3116 - I 13 9 

3116-1 13 9 
3116 - 11/2 13 9 

3116_ 11/2 15 10 
3116 - 11/2 15 10 

3116 - 2 IS 10 
3116- 1/2 15 10 
3116_ 11/2 15 10 
3116 - 2 15 10 

3116 - 2 15 10 

3116 - 2 15 10 
3116 - 2 15 10 

3116 - 2 15 10 
3116 - 2 15 10 
3/16 - 2 20 15 
3116 - 2 15 10 

3116 - 2 15 10 
3116 - 11/2 20 15 
3/ 16 - 2 20 15 
3116 - 2 15 10 
3116 - 2 IS 10 
3116 - 2 15 10 

aThe stated values apply to full-sized specimens. For sub-size specimen acceptance criteria, see ASTM A 20. An impact test temperature 
lower than the design metallemperature may be used by the manutaclurer, but the impact values at the test temperature must comply with 
Table R-5. When plate is selected, consideration must be given to the possible degradation of the impact properties of the plate in the weld 
heat-alTected zone. 

bSee 4.2.3 for a complete description of this material. 

eThe steel shall be fully killed and made with fine-grain practice, without normalizing, for thicknesses 0[3116 in. - 11/2 in. 

dThe manganese content shall be in the range lrom 0.85'10 to 1.20%, by ladle analysis. 

R.6 Welding Procedures 

These rules shall apply only to the primary components of 
the tank. The secondary components shall be welded in 
accordance with the basic rules of this standard. 

R.6.1 WELDING PROCEDURE QUALIFICATION 

R.6.1.1 The qualification of welding procedures shall con
form to 6.7. For primary components (see R.2.I), impact tests 
are also required for each welding procedure (with exceptions 
tor Type 304 or 304L stainless steel described in Table R-l, 
Note 2). Charpy V-notch specimens that conform to ASTM E 
23 shall be taken from the weld metal and from the heat-

am~cted zone of the welding procedure qualification test 
plates or duplicate test plates. 

R.6.1.2 Weld metal impact specimens shall be taken across 
the weld with the notch in the weld metal. The specimen shall 
be oriented so that the notch is normal to the surface of the 
material. One face of the specimen shall be substantially par
allel to and within 1/16 in. of the surface. 

R.6.1.3 Heat-affected-zone impact specimens shall be 
taken across the weld and as near the surface of the material 
as is practicable. The specimens shall be of sulftcient length 
to locate, after etching, the notch in thc heat-atlected zone. 
The notch shall be cut approximately nomlal to the material 
surlace to include as much heat-aHected zone material as pos
sible in the resulting fracture. 
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Table R-6-Thickness Requirementsa for the Annular Bottom Plate 

Design Stressb in First Shell Course 
Nominal Thickness 

of First Shell 
Course (in.) 

::; 0.75 

> 0.75 - 1.00 

> 1.00 - 1.25 

> 1.25 - 1.50 

Notes: 

::; 20,000 

1/4 

1/4 

1/4 

1/4 

22,000 

1/4 

1/4 

1/4 

9/32 

(psi) 

24,000 26,000 

1/4 1/4 

1/4 5/ 16 

5116 3/8 

3/8 7116 

aThe thicknesses and width (see R.3.4.1) are based on the foundation providing a uniform support under the full 
width of the annular plate. Unless the foundation is properly compacted, particularly at the inside of a concrete 
ringwalL settlement will product additional stresses in the annular plate. 

lYfhe stress shall be calculated using the formula (2.6D)(HG)lt, where D = nominal diameter of the tank, in ft; H 
= maximum filling height of the tank fl1r design, in ft; G = design specific gravity; and t = design thickness of the 
first shell course, excluding corrosion allowance, in. 

R.6.1.4 Impact test specimens shall be tested at the design 
metal temperature or at a lower temperature, as agreed upon 
by the purchaser and the manufacturer. 

R.6.1.5 The required impact values of the weld and heat
aHected zone shall be as given in Table R-2. 

R.6.2 PRODUCTION WELDING PROCEDURES 

The production welding procedures and the production 
welding shall contom1 to the requirements of the procedure 
qualification tests within the following limitations: 

a. Individual weld layer thickness shall not be substantially 
greater than that used in the procedure qualification test. 

b. Electrodes shall be of the same size and American Weld
ing Society (AWS) classification. 

c. The nominal preheat and interpass temperatures shall be 
the same. 

R.6.3 PRODUCTION WELD TESTS 

R.6.3.1 Production weld test plates shall be welded and 
tested for primary-component, butt-welded shell plates. The 
number of production weld tests shall be based on the 
requirements ofR.6.3.3 and R.6.3.4. Weld testing shall be in 
accordance with R.6.3.5. Test plates shall be made from 
plates produced only from the heats used to produce the shell 
plates for the tank. 

R.6.3.2 Test plates shall be welded using the same quali
fied welding procedure and electrodes as required for the tank 
shell plate joints. The test plates need not be welded as an 
extension of the tank shell joint but shall be welded in the 
required qualitying positions and essential variables. 

R.6.3.3 One test weld shall be made on a set of plates from 
each specification and grade of plate material, using a thick
ness that would quality for all thicknesses in the shell. Each 
test welded of thickness t shall quality ()r plate thicknesses 
from 2t down to t/2, but not less than Ys in. For plate thick
nesses less than 5;8 in., a test weld shall be made for the thin
nest shell plate to be welded; this test weld will quality the 
plate thickness (rom t up to 2t. 

R.6.3.4 Test welds shall be made for each position and tor 
each process used in welding the tank shell, but a manual ver
tical test weld will quality manual welding of all positions. 
Test welds are not required for automatically welded circum
ferentialjoints in cylindrical shells. 

R.6.3.5 The impact specimens and testing procedure shall 
conform to R.6.1.2 through R.6.1.5. 

R.6.3.6 By agreement between the purchaser and the man
ufacturer, production weld test plates for the first tank shall 
satisty the requirements of this paragraph for similar tanks at 
the same location ifthe tanks are fabricated within six months 
of the time the impact tests were made and tound satisfactory. 

R. 7 Requirements for Fabrication, 
Openings, and Inspection 

R.7.1 WELDING OF PRIMARY COMPONENTS 

R. 7 .1.1 The following primary components shall be joined 
with double butt-welds that have complete penetration and 
complete fusion except as noted: 

a. Longitudinal and circumferential shell joints. 

b. Joints that connect the annular bottom plates together. 
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c. Joints that connect sections of compression rings and sec
tions of shell stiffeners together. Back-up bars may be used 
tor these joints with complete penetration and complete 
fusion details. 

d. Joints around the periphery of an insert plate. 

e. Joints that connect the shell to the bottom, unless a method 
ofleak checking is used (see R.8.2.3); in that case, double fil
let welds are acceptable. 

f. Joints that connect nozzle and manhole necks to flanges. 

g. Butt-welds in piping nozzles, manway necks, and pipe fit
tings, including wcld neck flanges, shall be made using 
double butt-welded joints. When accessibility does not pemlit 
the use of double butt-welded joints, single butt-welded joints 
that ensure full penetration through the root of the joint are 
pemlitted. 

R. 7 .1.2 All primary components joined together by fillet 
welds shall have a minimum of two passes. 

R.7.1.3 Slip-on flanges may be used where speciflcally 
approved by the purchaser. 

R.7.2 WELDING OF CONNECTIONS IN PRIMARY 
COMPONENTS 

All opening connections located in primary components 
shall have complete penetTation and complete fusion. Accept
able types of welded opening connections are shown in Fig
ure 5-8, panels a, b, c, g, h, 01, and o. 

R.7.3 POSTWELD HEAT TREATMENT 

R. 7 .3.1 In primary components, all opening connections 
shall be welded into the shell plate or a thickened insert plate, 
and the welded assembly shall be stress relieved prior to 
installation in the tank unless one of the following exceptions 
is fulfllled: 

a. The stress level in the plate, under the design conditions, 
does not exceed 10% of the minimum tensile strength 0 f the 
plate material. The opening shall be reinforced for the low 
stress. 

b. The impact tests on the material and welding fUlfill the 
requirements of R.2.1.2 and Table R-2, and the thickness of 
the material is less than 5/8 in. for any diameter of connection 
or less than 11;4 in. for connections that have a nominal diam
eter less than 12 in. The thickness of the nozzle neck without 
stress relief shall be limited to the value of (D + 50)/120, as 
described in 5.25.3. 

c. Opening reinforcement is made from forgings similar in 
conftguration to Figure 5-8, panels 0-1,0-2,0-3, and 0-4. 

R. 7 .3.2 The stress-relieving requirements of 5.25 shall still 
be mandatory for both primary and secondary components. 

R.7.3.3 When used in stress relieved assemblies, the mate
rial of TMCP steel A 841 shall be represented by test speci
mens that have been subjected to the same heat treatment as 
that used for the stress relieved assembly. 

R.7.4 SPACING OF CONNECTIONS AND WELDS 

In primary components, all opening connections in a shell 
plate shall conlorm to the requirements of R.7.4.1 through 
R.7.4.3 lor the spacing of butt and fillet welds. 

R.7.4.1 The butt-weld around the periphery of a thickened 
insert plate or the fillet weld around the periphery of a rein
forcing plate shall be at least the greater of 10 times the shell 
thickness or 12 in. from any butt-welded shell seams except 
where the completed periphery weld has been stTess relieved 
prior to the welding of the adjacent butt-welded shell seams. 
Where stress relief has been performed, the spacing from the 
periphery weld to a shell butt-weld shall be at least 6 in. from 
the longitudinal or meridional joints or 3 in. from the circum
ferential or latitudinal joints if in either case the spacing is not 
less than 3 times the shell thickness. These rules shall also 
apply to the bottom-to-shell joint; however, as an alternative, 
the insert plate or reinforcing plate may extend to and inter
sect the bottom-to-shell joint at approximately 90°. The 
stTess-relieving requirements do not apply to the weld to the 
bottom or annular plate. 

R.7.4.2 In cylindrical tank walls, the longitudinal weld 
joints in adjacent shell courses, including compression ring 
welds, shall be otlset from each other a minimum distance of 
12 in. 

R.7.4.3 Radial weld joints in a compression ring shall not 
be closer than 12 in. from any vertical weld. 

R.7.5 INSPECTION OF WELDS BY MAGNETIC
PARTICLE OR LIQUID-PENETRANT 
METHODS 

The following primary-component welds shall be 
inspected, using the magnetic-particle method (see 7.15) for 
carbon steel and the liquid-penetrant mcthod (see 7.15) for 
stainless steel, after stress relieving, if any, and before the 
hydrostatic test of the tank. 

a. All longitudinal and circumterential butt-welds that are 
not completely radiographed. Inspection shall be on both 
sides of the joint. 

b. The weldedjoint that joins the cylindrical wall ofthe tank 
to the bottom annular plates. 

c. All welds of opening connections that are not completely 
radiographed, including nozzle and manhole neck welds and 
neck-to-flange welds. Inspection shall also include the root 
pass and every 1/2 in. of thickness of deposited weld metal 
(see 5.27.11) as welding progresses. 

01 
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d. All welds of attachments to primary components such as 
stiffencrs, compression rings, clips, and other nonpressure 
parts. 
e. All welded joints on which backing strips are to remain 
shall also be examined aller the first two layers (or beads) of 
weld metal have been deposited. 

R.7.6 RADIOGRAPHIC INSPECTION OF 
BUTT-WELDS IN PLATES 

Primary-component butt-welds shall be examined by 
radiographic methods as listed in R.7.6.1 through R.7.6.6. 

R. 7 .6.1 Butt-welds in all tank wall courses subjected to a 
maximum actual operating membrane tensile stress perpen
dicular to the welded joint that is greater than 0.1 times the 
specified minimum tensile strength of the plate material shall 
be completely radiographed. 

R.7.6.2 Butt-welds in all tank wall courses subjected to a 
maximum actual operating membrane tensile stress perpen
dicular to the welded joint that is less than or equal to 0.1 
times the specified minimum tensile strength of the plate 
material shall be radiographed in accordance with Figure R-2. 

R.7.6.3 Butt-welds around the periphery of a thickened 
insert plate shall be completely radiographed. This does not 
include the weld that joins the insert plate with the bottom 
plate of a flat-bottom tank. 

R.7.6.4 Butt-welds at all three-plate junctions in the tank 
wall shall be radiographed except in the case of a flat bottom 
(wall) supported unifom1ly by the ()Undation. This does not 
include the shell-to-bottom weld of a llat-bottom tank. See 
Figure R-2 for minimum exposure dimensions. 

R.7.6.5 Twenty-five percent of the butt-welded annular 
plate radial joints shall be spot radiographed lor a minimum 
length of 6 in. The location shall be under the tank shell at the 
outer edge of the joint. 

R.7.6.6 Twenty-five percent of the butt-welded compres
sion bar radial joints shall be spot radiographed J()r a mini
mum length of 6 in. except as required by 5.26.3.3. 

R.7.7 RADIOGRAPHIC INSPECTION OF 
BUTT-WELDS IN PIPING 

R.7.7.1 Butt-welds in piping and in pipe fittings within the 
limitations of 1.3.2, including the annular space of double
wall tanks, shall be radiographically inspected in conform
ance with R.7.7.2 through R.7.7.5. 

R.7.7.2 Longitudinal weldedjoints in piping that contains 
liquid shall be completely radiographed except for welds in 
manufactured pipe welded without filler metal, 12 in. or less 
in diameter, which is hydrostatically tested to ASTM 
requirements. 

R. 7.7.3 Longitudinal welded joints in piping that contains 
vapor shall be completely radiographed except for welds in 
manufactured pipe welded without filler metal, 18 in. or less 
in diameter, which is hydrostatically tested to ASTM require
ments. 

R. 7.7.4 Ten percent of the circumferential welded joints in 
all piping shall be completely radiographed. 

R. 7.7.5 Butt-welded joints used to fabricate tank fittings 
shall be completely radiographed. 

R.7.8 NONPRESSURE PARTS 

Welds for pads, lifting lugs, and other nonpressure parts, as 
well as temporary lugs for alignment and scaffolding attached 
to primary components, shall be made in full compliance 
with a welding procedure qualified in accordance with R.6.1. 
Lugs attached lor erection purposes shall be removed by the 
grinding of all remaining welds followed by magnetic-parti
ele examination. Plate that is gouged or torn in removing the 
lugs shall be repaired using a qualified procedure, followed 
by grinding. Where such repairs are made in primary compo
nents, the area shall be inspected using the magnetic-particle 
method. A visual inspection is adequate for repaired areas in 
secondary components. 

R.B Testing the Tank in Contact With 
Liquid Contents 

The provisions stated in this section are testing require
ments f()r the tank refrigerated by the liquid contents. The 
provisions in R.9 cover the outer tank that is not in contact 
with the refrigerated liquid and is subjected to a higher tem
perature that approaches atmospheric. 

R.8.1 GENERAL PROCEDURE 

A thorough check lor tightness and structural adequacy is 
essential for a single-wall tank or for an inner tank of a dou
ble-wall tank. The hydrostatic test shall be completed before 
the insulation is applied. The hydrostatic test shall be per
formed by filling the tank with water to the design liquid level 
and applying an overload air pressure of 1.25 times the pres
sure (or which the vapor space is designed. The hydrostatic 
test shall not produce a membrane tensile stress in any part of 
the tank exceeding 85% of the minimum specified yield 
strength or 55% of the minimum specified tensile strength of 
the material. 

R.8.2 TEST PRELIMINARIES 

Before the tank is filled with water, the procedures 
described in R.8.2.1 through R.8.2.5 shall be co mpletcd. 

R.B.2.1 All welded joints in the bottom of the tank shall be 
inspected by applying a solution film to the welds and pulling 
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f 
Tank wall courses with maximum 
calculated operating membrane 
stress less than or equal to 
0.1 of the specified minimum 
tensile strength of the material 
(see R.7.6.2) 

Tank wall courses wilh maximum 
calculated operating membrane 
stress greater than 0.1 of the 
specified minimum tensile 
strength of the material 
(see R.7.6.1) 

1 3 

Bottom of tank wall 

Notes: 

3 3 

1. One circumferential spot radiograph shall be taken in the first 10 ft. for each welding operator of each type 
and thickness. After the first 10 ft., without regard to the number of welders, one circumferential spot 
radiograph shall be taken between each longitudinal jOint on the course below. 
2. One longitudinal spot radiograph shall be taken in the first 10ft. for each welder or welding operator of each 
type and thickness. After the first 10ft., without regard to the number of welders, one longitudinal spot 
radiograph shall be taken in each longitudinal joint. 
3. Longitudinal joints shall be 100-percent radiographed. 
4. All intersections of joints shall be radiographed. 

Figure R-2-Radiographic Requirements for Butt-Welded Shell Joints in Cylindrical Flat-Bottom Tanks 

a partial vacuum of at least 3 Ibtl'in2 gauge above the welds 
by means of a vacuum box with a transparent top. 

R.B.2.2 Complete penetration and complete fusion welds 
that join the cylindrical wall to the tank bottom shall be 
inspected by applying a solution film to the welds and pulling 
a partial vacuunl of at least 3 lb1/in.2 gauge above the welds 
by means of a vacuunl box with a transparent top. 

R.8.2.3 When the weld in R.S.2.2 does not have complete 
penetration and complete fusion, the initial weld passes, 
inside and outside of the shell, shall have all slag and non
metals removed from the surface of the welds and the welds 
examined visually. After completion of the inside and outside 
ftllet or partial penetration welds, the welds shall be tested by 
pressurizing the volume between the inside and outside welds 
with air pressure to 15 lbf/in.2 gauge and applying a solution 
film to both welds. To assure that the air pressure reaches all 
parts of the welds, a sealed blockage in the annular passage 

between the inside and outside welds must be provided by 
welding at one or more points. Additionally, a small pipe cou
pling communicating with the volume between the welds 
must be welded on each side of and adjacent to the blockages. 01 

The air supply must be connected at one end and a pressure 
gauge connected to a coupling on the other end of the seg-
ment under test. 

R.B.2.4 The attachment welding around all reinforced 
openings in the bottom, shell, and roof shall be inspected by 
applying air pressure of 15 lbJ/in? gauge behind the rein
forcement plates and simultaneously applying a solution film 
to the welds. The lest holes in the reinforcing plates shall be 
lett open. 

R.B.2.5 The attachment fillet welds around bottom open
ings, which do not pemlit the application of air pressure 
behind the reinforcing plate, shall be inspected by applying a 
solution film and by a vacuum box inspection. 
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R.8.3 HYDROSTATIC TEST 

The provisions described in R.8.3.1 through R.8.3.5 shall 
apply during and aller water tilling for the hydrostatic test. 

R.8.3.1 The tank: shall be vented to the atmosphere when it 
is filled with or emptied of water. 

R.8.3.2 During water filling, the elevations of at least four 
equidistant points at the bottom of the tank: shell and on top of 
the ringwall or slab shall be checked. Differential settlement, 
or unitorm settlement of substantial magnitude, requires an 
immediate stop to water filling. Any further filling with water 
will depend on an evaluation of the measurcd settlement. 

R.8.3.3 The tank: shall be filled with water to the design 
liquid level. 

R.8.3.4 Atter the tank is tilled with water and before the 
pneumatic test pressure is applied, anchor bolts or anchor 
straps, if provided, shall be tightened against the hold-down 
brackets. 

R.8.3.5 All welds in the shell, including the comer weld 
between the shell and the bottom, shall be visually checked 
lor tightness. 

R.8.4 PNEUMATIC PRESSURE 

R.8.4.1 An air pressure equal to 1.25 times the pressure tor 
which the vapor space is designed shall be applied to the 
enclosed space above the water level. r n the case 0 r a double
wall tank with an open-top inner tank, where the air pressure 
acts against the outer tank and the inner tank is thus not 
stressed by the air pressure, the inner tank: may be emptied of 
water before the pneumatic pressure testing begins. 

R.8.4.2 The test pressure shall be held tor 1 hour. 

R.8A.3 The air pressurc shall bc reduced until the design 
pressure is reached. 

R.8.4.4 Above the water level, all welded joints, welds 
around openings, and piping joints shall be checked with a 
solution film. A visual inspection may be substituted for the 
solution-film inspection of the welded joints if they have been 
previously checked with a vacuum box. Above the water 
levcl, the solution-film inspection shall be made of all welds 
around openings, all piping joints, and the compression-ring 
welds, including the attachment welds to the roof and shell. 

R.8.4.5 The opening pressure or vacuum of the pressure 
relief and vacuum relief valves shall be checked by pumping 
air above the water level and releasing the pressure, then par
tially withdrawing water irom the tank. 

R.8.4.6 Atter the tank: has been emptied of water and is at 
atmospheric pressure, the anchorage, if provided, shall be 
rechecked i()r tightness against the hold-down brackets. 

R.8.4.7 Air pressure equal to the design pressure shall be 
applied to the empty tank, and the anchorage, if provided, and 
the foundation shall be checked for uplift. 

R.9 Testing the OuterTank of a Double
Wall Refrigerated Tank 

The tightness test shall be made before insulation is 
installed. 

R.9.1 TEST PROCEDURES 

R.9.1.1 The inner tank: shall be opened to the atmosphere, 
and a sufficient amount of water shall be added to the inner 
tank to balance the upward pressure against the inner tank 
bottom produced by the pneumatic test of the outer tank:; as 
an alternative, the pressure between the inner and outer tanks 
can be equalized. 

R.9.1.2 Air pressure shall be applied to the space enclosed 
by the outer tank equal to at least the design gas pressure but 
not exceeding a pressure that would overstress either the 
inner or outer tank:. 

R.9.1.3 While the test pressure is being held, all welded 
scams and connections in the outer shell and roof shall be 
thoroughly inspected with solution tilm unless they were pre
viously checked with a vacuum box. 

R.9.1.4 The air pressure shall be released. 

R.9.1.5 Pressure relief and vacuum relief valves shall be 
checked by applying the design gas pressure to the outer tank, 
followed by evacuation of the outer space to the vacuum set
ting of the reliefvalve. 

R.10 Foundations 

R.10.1 GENERAL 

R.10.1.1 Appendix C describes the factors involved in 
obtaining adequate foundations (or tanks that operate at 
atmospheric temperature. The ioundations for refrigerated 
tanks are more complicated because of the thermal movement 
of the tank:, the insulation required for the bottom, the effects 
of ioundation freezing and possible frost heaving, and the 
anchorage required to resist uplift. 

R.10.1.2 The services of a qualified ioundation engineer 
arc essential. Experience with tanks in the area may provide 
sufficient data, but normally a thorough investigation, 
including soil tests, would be required for proper design of 
the foundation. 

R.10.2 TYPES OF FOUNDATIONS 

The nature of the soil, bearing capacity, and predicted set
tlement are factors that lead to a choice of foundations. At 
questionable sites where large settlements are anticipated, or 
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where clay soils may be suqjected to continual consolidation 
over long periods of time, a concrete slab supported by piling 
should be considered. Where anticipated settlements arc 
acceptable and where the soil provides adequate bearing 
capacity, a ringwall-type foundation with compacted material 
within the ringwall is usually acceptable. A ringwall serves 
two purposes. It encloses the compacted material under the 
tank and provides a weight that, when anchor bolts are 
attached to the shell, resists any uplifting tendency ofthe shell 
under internal pressure and under wind or earthquake loads. 

R.10.3 BEARING ON FOUNDATIONS 

Foundations shall be designed to resist the load exerted by 
the tank and its contents when the tank is filled with water to 
the design liquid level. Foundations shall be designed for at 
least the maximum operating conditions including the wind 
or earthquake loads. Under water test, the total load on the 
foundation shall not exceed 125% of the allowable loading. 

R.10.4 UPLIFTING FORCE AND DOWNWARD 
WEIGHTS 

The uplifting force to be considered in designing the ring
wall or concrete pad foundation may be oll'set by the coexist
ent downward weights and forces, including the metal and 
insulation weight of the shell and root: and the concrete and 
earth weight transmitted by the anchorage to the shell. The 
tank shall be assumed to be empty of liquid. 

R.10.5 UPLIFT ON FOUNDATION 

R.10.5.1 The increased uplift described in R.1O.5.2 and 
R.10.5.3 is intended to apply to the size of the ringwall and 
foundation but not to the anchorage. 

R.10.5.2 For tanks with an internal design pressure less 
than 1 lbtlin.2 gauge, the uplift shall be taken as the smaller of 

the maximum uplill values computed under the following 
conditions: 

a. The internal design pressure times 1.5 plus the design 
wind load on the shell and roof 
b. The internal design pressure plus 0.25 IbtJin.2 gauge plus 
the design wind load on the shell and roof 

R.10.5.3 For tanks with an internal design pressure of 
I Ibf/in.2 gauge and over, the uplift, if any, shall be cal
culated under the combined conditions of 1.25 times the 
internal design condition plus the design wind load on 
the shell and roof. 

R.10.5.4 When the anchorage is designed to meet the 
requirements of R.3.6.4.2, the loundation should be 
designed to resist the uplift that results from three times the 
design pressure with the tank full to the design liquid level. 
When designing to any of the conditions of this paragraph, 
it is permissible to utilize friction between the soil and the 
vertical face of the ringwall and all of the efTective liquid 
weight. 

R.11 Marking 

R.11.1 DATA ON NAMEPLATE 

The data required to be marked on the tank by the manu
facturer is listed in 8.1. 

R.11.2 LOCATION OF NAMEPLATE 

[n addition to the requirements of 8.1, the nanleplate shall 
be attached to the tank at an accessible location but shall be 
outside of any insulation or protective covering of the tank. 
The nameplate for the inner tank shall be located on the outer 
tank wall but shall reter to the inner tank. The nameplate, if 
any, for the outer tank of a double-wall tank shall be located 
adjacent to the nameplate for the inner tank and shall refer to 
the outer tank. 
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There's more where this 
came from. 

The American Petroleum Institute provides additional resources and 
programs to the oil and natural gas industry which are based on API 
Standards. For more information, contact: 

• Monogra m Licensing Progra m 

• American Petroleum Institute Quality Registrar 
(APIQR) 

• API Spec Q1 Registration 

• Perforator System Registration 

• Inspector Certification Programs 

• Engine Oil Licensing and Certification System 
(EOlCS) 

• Training/Workshops 

Phone: 202-962-4791 
Fax: 202-682-8070 

Phone: 202-962-4791 
Fax: 202-682-8070 

Phone: 202-962-4791 
Fax: 202-682-8070 

Phone: 202-962-4791 
Fax: 202-682-8070 

Phone: 202-682-8161 
Fax: 202-962-4739 

Phone: 202-682-8233 
Fax: 202-962-4739 

Phone: 202-682-8490 
Fax: 202-962-4797 

Check out the API Publications, Programs, and Services Catalog online at 
www.apLorg. 
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