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

Venting Atmospheric and Low-Pressure Storage Tanks: Non-refrigerated and Refrigerated

Specification for Line Pipe

Aluminum Design Manual 

, Aluminum Standards and Data

, Specifications for Aluminum Sheet Metal Work in Building Construction

Building Code Requirements for Reinforced Concrete (ANSI/ACI 318)

Environmental Engineering Concrete Structures

Structural Stainless Steel

Manual of Steel Construction

Specification for Structural Steel Buildings

Minimum Design Loads for Buildings and Other Structures

Minimum Design Loads for Buildings and Other Structures

 Pipe Threads, General Purpose (Inch)

Cast Iron Pipe Flanges and Flanged Fittings

Pipe Flanges and Flanged Fittings 

Nonmetallic Flat Gaskets for Pipe Flanges

Large Diameter Steel Flanges: NPS 26 Through NPS 60

 Boiler and Pressure Vessel Code

Standard for Qualification and Certification of Nondestructive Testing Personnel



Personnel Qualification and Certification in Nondestructive Testing

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

General Requirements for Steel Plates for Pressure Vessels

Steel Castings, Carbon, for General Application

Structural Steel

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

Forgings, Carbon Steel, for Piping Components

Seamless Carbon Steel Pipe for High-Temperature Service

Structural Steel for Ships

Forgings, Carbon Steel, for General-Purpose Piping

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

Temperature Service

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service

Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Service

Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes

Standard Specifications for Steel Castings for High-Temperature Service

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

Service

Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for

Pressure Vessels

Stainless Steel Bars and Shapes

Low and Intermediate Tensile Strength Carbon Steel Plates

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

Carbon Steel Bolts and Studs, 60,000 lbf/in.2 Tensile Strength

Seamless and Welded Austenitic Stainless Steel Pipes

Alloy Steel Bolting Materials for Low-Temperature Service

Seamless and Welded Steel Pipe for Low-Temperature Service

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



Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness Testing for Piping

Components

Castings, Austenitic, Austenitic-Ferritic (Duplex), for Pressure-Containing Parts

Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for High-Temperature

Service

Test Methods and Definitions for Mechanical Testing of Steel Products

Cleaning, Descaling, and Passivation of Stainless Steel Parts, Equipment, and Systems

Wrought Austenitic Stainless Steel Piping Fittings

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

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

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

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

Seamless Carbon Steel Pipe for Atmospheric and Lower Temperatures

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

Structural Carbon Steel Plates of Improved Toughness

Normalized High-Strength Low-Alloy Structural Steel

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

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

Pressure Vessel Plates, High-Strength, Low-Alloy Steel

Standard Specification for Steel Plates for Pressure Vessels, Produced by the Thermo-

Mechanical Control Process (TMCP)

General Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip Process

Steel for Structural Shapes for Use in Building Framing

Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-

Strength Low-Alloy and High-Strength Low-Alloy with Improved Formability

Cellular Elastomeric Preformed Gasket and Sealing Material

Flexible Cellular Materials—Urethane for Furniture and Automotive Cushioning, Bedding, and Similar

Applications

Standard Specification for Nonferrous Nuts for General Use
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Standard Specification for Nonferrous Nuts for General Use [Metric]

Standard Specification for Nonferrous Bolts, Hex Cap Screws, and Studs for General Use

Standard Specification for Nonferrous Bolts, Hex Cap Screws, and Studs for General Use [Metric]

Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs

Standard Specification for Stainless Steel Nuts

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

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

Structural Welding Code—Aluminum (ANSI/AWS D1.2)

Structural Quality Steels, National Building Code of Canada

Hot Rolled Products of Structural Steels

, Structural Steels

Non-destructive testing – Qualification and certification of NDT personnel

Standard for Low Expansion Foam

Flammable and Combustible Liquids Code

Commercial Item Description: Rubber, Silicone

Sealing Compound Elastomeric Type, Single Component for Caulking,

Sealing, and Glazing in Buildings and Other Structures
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 Manual of Steel Construction.
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T
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T
f

tn

t st s

T
c

tn

t s

T
c

tn

T
f

t s

Long Welding-Neck FlangeWelding-Neck Flange

Ring-Type FlangeSlip-on Flange

CL CL

CL CL

T
f

T
c

tn

t s

Lap Joint Flange

CL

T
f

NOTE 1

NOTE 2

NOTE 3

   Shell reinforcing plate is not included in these illustrations.

ts = shell thickness; tn = nozzle neck thickness; Tf = flange thickness; Tc = bolted cover thickness.

   The governing thickness for each component shall be as follows:

Components
Governing Thickness

(thinner of)

Nozzle neck at shell tn or ts

Slip-on flange and nozzle neck tn or Tf

Ring-type flange and nozzle neck tn or Tf

Welding-neck flange and nozzle neck tn

Long welding-neck flange tn or ts

Nonwelded bolted cover 1/4 Tc

Lap-type joint flange tn or Tf
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t t

Single-V butt joint

Single-U butt joint

Double-V butt joint

Double-U butt jointSquare-groove butt joint

NOTE   See 5.1.5.2 for specific requirements for vertical shell joints.



Optional
outside angle

Angle-to-shell
butt joint—

complete penetration

Alternative
angle-to-shell joint

Square-groove
butt joint—

complete penetration

Single-bevel
butt joint—

complete penetration

Double-bevel
butt joint—

complete penetration

NOTE   See 5.1.5.3 for specific requirements for horizontal shell joints.



Roof-Plate Joint

Roof-to-Shell Joints

Alternative Roof-to-Shell Joint
(See Note 2)

Bottom-to-Shell Joint

Bottom-Plate Joints

Single-welded
full-fillet lap joint

Single-welded butt joint
with backing strip

Optional 
V groove

Inside
Bottom or annular

bottom plate

12t

1.75t t 

Inside of shell
t

t

Optional
outside angle

Inside

Tack weld

NOTE 1   See 5.1.5.4 through 5.1.5.9 for specific requirements for roof and bottom joints.

NOTE 2   The alternative roof-to-shell joint is subject to the limitations of 5.1.5.9, Item f.



Shell plate

Bottom plate

Shell plate

6 mm (1/4 in.) minimum

13 mm (1/2 in.) maximum

Annular bottom plate

NOTE 1    A = Fillet weld size limited to 13 mm (1/2 in.) maximum.

NOTE 2    A + B = Thinner of shell or annular bottom plate thickness.

NOTE 3    Groove weld B may exceed fillet size A only when annular plate is thicker than 25 mm (1 in.).

A = B for

up to 25 mm

(1 in.) annular

plate

A + B minimum

B
A:

A

B

B

A

minimum45°



Bottom plate

Two-plate

lap joint

Three-plate

lap joint

Bottom plate

Tank shell

N
o spacing

requirem
ents

12 in. M
in.

toe-to-toe

of w
eld

B
ut

t w
el

d

an
nu

la
r 
pl
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DL

Pe
Pe

Pi

Ht

Df

Lf

D

D ≤ D ≤ × × × ×

D ≤ D ≤ × × × ×

D D × × × ×



Lf

Pfe

Lr

E

S

Sb

Sb

Su

Su

F

Pt

W V

I

P P V P

V V

P V V

P

P

P

V



P

V

DL

DL F Pi

DL Ht Pt

DL W Fp Pi

DL W Fpe Pe

DL Lr Su  Sb Fpe Pe

DL Pe Lr Su  Sb

DL F E Sb Fp Pi



DL Df Lr S Pe Pfe Lf1 Lf2

DL Df Pfe Lf1 Lf2 Lr S Fpe Pe

Fp

Fpe



Top of shell height

Design liquid level

Normal fill level

Overfill slot

Overfill protection level requirement:

_________ m3 (bbl)   or   ________ mm (in.)

Maximum capacity:

________ m3 (bbl)

Net working capacity:

________ m3 (bbl)

Minimum operating volume remaining in the tank:

________ m3 (bbl)   or   ________ mm (in.)

Minimum fill level

Top of bottom plate at shell
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Bottom

Foundation

Coat if
specified

Drip ring
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≤ ≤ ≤ ≤

t ≤
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tb

≤ ≤ ≤ ≤

t ≤

t ≤

t ≤

t ≤

t ≤

td CA t Sd

tt t St



Sd

Sd

St

t Sd St



t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t Sd St
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t ≤

t ≤

t ≤
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t ≤

t ≤

t ≤

t ≤

t ≤

t Sd St

td

D H( )G

Sd

CA

tt

D H( )

St



t Sd St

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤



td

tt

D

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t ≤

t Sd St
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td
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D H( )
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t d tpd

t t tpt
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t t

t

t  = t

t  = t a 

t d

D

H

HG

Sd

HDG

Sd

CA

t d

D
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HG
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HDG
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H
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H
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x rtu CH

x CH

x rtu

tu

C K K K

K tL tu

tL

H

tx tdx

ttx x

tx tu
tx

tdx
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Sd
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ttx
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RTR
RTR

RTR

S-N

B B

A

C

RTR
E LTR

A

D

B B

A

C C

E
S-N

E

C

A

F

Shell vertical
butt-weld

Bottom plates or annular plates

GF
Shell horizontal butt-weld G

t

t ≤
(t ≤

t r t

t
(t

W W

W

W

t r t

t
(t t

t
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tc tf
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Db Dc

OD Db Dc

Db Dc

OD Db Dc



500 mm (20 in.) manhole:   645 mm (253/8 in.) OD  508 mm (20 in.) ID  3 mm (1/8 in.) thickness

600 mm (24 in.) manhole:   746 mm (293/8 in.) OD  610 mm (24 in.) ID  3 mm (1/8 in.) thickness

750 mm (30 in.) manhole:   899 mm (353/8 in.) OD  762 mm (30 in.) ID  3 mm (1/8 in.) thickness

900 mm (36 in.) manhole: 1051 mm (413/8 in.) OD  914 mm (36 in.) ID 3 mm (1/8 in.) thickness

Gasket (see Note 1):

Reinforcing pad
shall be shaped
to suit tank
curvature

Rounded corners
(150 mm [6 in.] minimum radius)

Arc dimension = W/2 500 mm (20 in.) and 600 mm (24 in.) manhole: 750 mm (30 in.)
750 mm (30 in.) manhole: 900 mm (36 in.)

900 mm (36 in.) manhole: 1050 mm (42 in.)

(Increase as necessary for weld clearance)

t 

T

See
details

125 mm (5") minimum

32 mm (11/4 in.)

500 mm (20 in.) and 600 mm (24 in.) shell manholes: twenty-eight 20 mm-diameter (3/4 in.) bolts in 23 mm (7/8 in.) holes
750 mm (30 in.) and 900 mm (36 in.) shell manholes: forty-two 20 mm-diameter (3/4 in.) bolts in 23 mm (7/8 in.) holes
(Bolt holes shall straddle the flange vertical centerline.)

(See Figure 5.7b)

Alternative
circular shape

(see Note 8)

1

1

230 mm
(9 in.)

10 mm-diameter
(3/8 in.) rod

75 mm

(3")

150 mm

(6 in.)

OD

DR

DO/2
       (see

            Note 8)

CL CL

Db DP

Dc

6 mm (1/4 in.)

C L

One 6 mm (1/4 in.) telltale
hole in reinforcing plate,

on horizontal
centerline

L

S
y
m

m
e
tr

ic
a
l 
a
b
o
u
t

DR/2
  (see

       Note 8)
L

See
Figure
5.7b

(See
Note 7)

(see
Note 4)

Rounded
corner

Manhole OD

Uniform, smooth surface

tn 6 mm
(1/4 in.)

Detail a

tn (see
Note 4)

t f  (see Note 3)

Manhole OD

Rounded
corners

See
Note 5

Detail b

t f  (see Note 3)

tc 

t f

tn

(see
Note 8)

OD DR, D L W

DP

ID

OD
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T
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b
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s
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.6
a

 a
n

d
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.6
b

)

S
h

e
ll jo

in
t o

r o
u

te
r p

e
rip

h
e

ry

o
f in

s
e

rt p
la

te

(S
e

e
N

o
te

 2
)

CL

J J
Neck bevel should be about 10 degrees

Round and grind corner

(See Tables 5.7a and 5.7b)

(See Tables 5.6a, 5.6b, 5.7a, and 5.7b)

CL

T + t
(min)

Shell

(S
e

e
N

o
te

 2
)

D
O
 (m

in
)

(See Note 3)

A

t (min)

45º

1/3 (T + t) min

(S
e

e
N

o
te

 2
)

1/3 (t +T) min

(See Tables 5.7a and 5.7b)

T + t
(min)

A

Bottom

45º

[10 mm (3/8 in.) maximum]

[10 mm (3/8 in.) maximum]

Radiograph
(see 8.1.2.2,

Item d)

T + t
(min)

1:4
bevel

Alternative
bevel

Radiograph
(see 8.1.2.2,

Item d)

45º

CL

CL

A

Radiograph
(see 8.1.2.2,
Item d and e)

t t

1.5 mm (1/16 in.)1.5 mm (1/16 in.)

t
1:4 bevel

1:4 bevel

(S
e

e
 T

a
b

le
s
 5

.6
a

, 

5
.6

b
, 5

.7
a

, a
n

d
 5

.7
b

)

(S
e

e
 N

o
te

 1
)

M
a

n
u

fa
c
tu

re
r’s

 s
ta

n
d

a
rd

(1
5

 d
e

g
re

e
s
 m

in
im

u
m

,
3

5
 d

e
g

re
e

s
 m

a
x
im

u
m

)

T t

A

Round corner if weld <T

(See Tables 5.7a and 5.7b) (See Tables 5.7a and 5.7b)

A
[10 mm (3/8 in.) maximum]

JJ

(S
e

e
 N

o
te

 1
)

M
a

n
u

fa
c
tu

re
r’s

 s
ta

n
d

a
rd

(1
5

 d
e

g
re

e
s
 m

in
im

u
m

,
3

5
 d

e
g

re
e

s
 m

a
x
im

u
m

)

L
 a

n
d

 W
 (T

a
b

le
s
 5

.6
a

 a
n

d
 5

.6
b

) o
r D

O

T t

T or t
[40 mm (11/2 in.) maximum]

A

1.5 mm (1/16 in.)

T or t
[40 mm (11/2 in.) maximum]

1.5 mm
(1/16 in.)

Round corner if weld <T

(See Tables

5.6a, 5.6b, 5.7a, and 5.7b)

Round and grind

Neck bevel should be
about 10 degrees

(See Tables 5.7a and 5.7b)

Manhole or Nozzle Nozzle

Insert-type Reinforcement for Manholes and Nozzles

Alternative
neck detail

tn

tn

tn

1.5 mm (1/16 in.)

Nozzle

Nozzle

t

tn



Reinforcing Plate

Regular-type Flanged Nozzles, NPS 3 or Larger
(Bolt holes shall straddle flange centerlines)

Diamond Circular

Single Flange Special Flange

Detail  B

One 6 mm (1/4 in.) telltale hole
in reinforcing plate,

on horizontal centerline

Bend reinforcing plate to
radius of tank shell

Alternative shape
for low-type nozzles

See Detail A or B for
bottom edge

(See Figure 5.7b) (See Figure 5.7b)(See Figure 5.7b)

(See Figure 5.7b)

Arc distance

1

1

Tank bottom

Victaulic groove
or threads

(See Note 1) (See Note 1)

(See Note 1)

(See Note 5)
60º

t /2 [6 mm (1/4 in.) minimum]

C

Chip

DO

DP

DRD

P

W

L

D

R

DR/2

DR/2

J J

t

T
Q

OD

BB

HN

OD

J J

t

T
Q Q

J t

T
Q

OD

B

Nozzle CL

Double Flange

T T

t t

L

Detail A

Low-type Flanged Nozzles, NPS 3 or Larger
(Bolt holes shall straddle flange centerlines)



OD
tn

DR L Do

W
J HN

C

Dimension 
A = size of 
fillet weld A
(see Note 7)

Shell Shell Shell ShellHN C

Bottom Bottom Bottom Bottom

t

Type A Type B Type C Type D

45º

CL

A

t

J

0

t t
10 mm (3/8 in.) 
maximum

10 mm (3/8 in.) 
maximum

11/4 tmin

(see Note 8) 11/4 tmin

(see Note 8)

(see Note 7)

A
(see Note 7)

1.5 mm (1/16 in.)

Couplings and Flanged Fittings, NPS 3/4 Through NPS 2 (see Note 3)

A

L
o

w
 t

y
p

e

R
e

g
u

la
r

tmin



HN

DR

A

OD
tn

DR L Do

W
J HN

C



OD
tn

DR L Do

W
J HN

C



HN

DR

A

t T tn

Dp B

A

OD
tn

DR L Do

W
J HN

C



t T tn

Dp B

A

T



t T tn

Dp B

A

T



Q A D C

B

B
E

E

B

E tn

E



Q A D C

B

B
E

E

B

E tn

E
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h b
W

r
r

e
f

f g

f

h
b

W
r

r

e
f

f g

f



H

h × b ×

× × × ×

tc
tbr tc

tbr tc
tbr tc tbr

Sd

H

h × b ×

× × × ×

tc tbr tc tbr tc tbr tc tbr

Sd



t td H

h × b ×

× × × ×

td L

×

t td H

h × b ×

× × × ×

td L

×



Sd ×

Sd × ×

Sd × ×

Sd
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Toe of weld

Toe of weld

Reinforcing plateReinforcing plate

Penetration Without Reinforcing Plate

Penetration With Reinforcing Plate

Toe of weld

Minimum spacing shall be 8 times the
shell thickness or 1/2 the radius of the
opening, whichever is less

     of butt-welded
shell joint

CL

See 5.7.3

E
x
te

n
t 

o
f 

ra
d

io
g

ra
p

h
y

1
.5

D
P

1
.5

D
P

E
x
te

n
t 

o
f 

ra
d

io
g

ra
p

h
y

1
.5

D
P

1
.5

D
P

Minimum spacing shall be 8 times the
shell thickness

     of butt-welded
shell joint

CL

See 5.7.3

Minimum spacing shall be 8 times the
shell thickness or 1/2 the radius of the

opening, whichever is less

E
x
te

n
t 

o
f 

ra
d

io
g

ra
p

h
y

1
.5

D
P

1
.5

D
P

Detail a Detail b

Detail c Detail d Detail e

     of butt-welded
shell joint

CL

D





Dp



tc

tf

Db

C

H

G

Sd

 CA

tc

tc Db

CϒHG

Sd

× CA

tf tc

ϒ

Sy Sy

Sy

tc Db

CϒHG

Sd

× CA

tf tc



tf

Db

C

H

G

Sd

 CA

tc

tf

,

 Boiler and Pressure Vessel

Code, 

ϒ

Sy Sy

Sy

tc

×

×
×

tc

×

×
×



W Do

Dp

Ring Type Welding Flange Slip-on Welding Flange

Welding-neck Flange

A

C

D

B

A

C

D

B

A

C

D

1.5 mm
(1/16 in.) 1.5 mm

(1/16 in.)

1.5 mm
(1/16 in.)

tn + 6 mm (1/4 in.) max tn + 6 mm (1/4 in.) max

tn min

Q

Q

E1

B1

tn
min

Q

E

75º

Lap Joint Flange

A
C

D

1.5 mm
(1/16 in.)

Q

E

B

1.4tn

NOTE   The tn designated for weld thickness is the nominal pipe wall thickness (see Tables 5.6a, 5.6b, 5.7a, and 5.7b).
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tbr

h

b

H

G

Y

Sd Sy

Sd

0

0.25

0.50

0.75

1.00

1.25

1.0 1.1 1.2 1.3 1.4

Minimum K1

Maximum K1

(H + 29)D + 770

385h 

17,850t

2.6D (H – 1)

K1 coefficient

0.5

(H + 8.8)D + 71.5

1.408h 

123t

4.9D (H – 0.3)

0.5

Vertical axis in SI units:

Vertical axis in US Customary units:

tbr

h

Sd

b
YHG

Sd



Shell plate at cleanout fitting = td

See Detail b

Equal spaces

Nearest horizontal weld

125 mm
(5 in.)

One telltale 6 mm 
(1/4 in.) hole in 
reinforcing
plate at about
mid-height

r2

Reinforcing plate = td

Shell plate
of lowest
shell
course = t

(See Note 1)

6 mm
(1/4 in.)    

6 mm
(1/4 in.)

6 mm
(1/4 in.)

6 mm (1/4")

6 mm
(1/4 in.)

6 mm
(1/4 in.)

6 mm
(1/4 in.)

5 mm
(3/16 in.)

5 mm
(3/16 in.)

5 mm (3/16 in.)

g
B

B

300 mm
   (12 in.) min

150 mm
(6 in.) min  

W/2 arc dimensions

Flange bolt-hole
diameter = bolt
diameter (see Tables 5.9a

and 5.9b) + 3 mm (1/8 in.)

b/2

f2

r1 L

A

A

f3
e

e
Equal spaces

f3 6 mm (1/4 in.)

See Detail a

td

See Detail b
for top and 
sides

tc

tbr

h

Bottom
plate

e

Section A-A

Grind radius on corner
when weld is less than td 

td
[40 mm 

(11/2 in.) max]  

td
td

tc

td
[19 mm (3/4 in.) max]

td

Neck bevel shall be
approximately 10 degrees

f3

(See
Note 1)

Cover plate

Versine

Detail a

Section B-B

td
td

tbr

(See Note 1) Full-fillet
weld

td + td + 250 mm (10 in.)
(see Note 2)

32 mm
(11/4 in.) min

D

D 90 degrees ± 30 degrees

32 mm (11/4 in.) min

125 mm (5 in.) min

Section C-C

Section D-D

32 mm
(11/4

  in.) min

75 mm (3 in.) radius

10 mm (3/8 in.) thick125 mm (5 in.)

38 mm (11/2")

38 mm (11/2")

38 mm
(11/2")

50 mm
(2 in.)

or

Full-penetration weld

(See Note 3)

75 mm
(3 in.)

CC

Round
and grind

Detail b

Lifting Lug

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

375 mm
(15 in.) min

(See Note 5)

(See Note 5)

(See Note 5)

td

t
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Cover plate

Bottom reinforcing plate

300 mm
(12 in.) min

(See
Detail a)

600 mm (24 in.) min

Inside of shell

6 mm (1/4 in.) min

(11/2
Weld after
fitting is
installed
(see Note 1)

Cover plate

Bottom reinforcing plate

(See
Detail b)

Inside of shell

Cover plate

Bottom reinforcing plate

(See Details
 c and d) Inside of shell

Cover plate

Bottom reinforcing plate

(See
Detail e) Inside of shell

Retaining wall

Construction joint, to permit
tank and retaining wall to
settle independently
from ringwall

W + 900 mm (36 in.) min

W values)

600 mm (24 in.) min

300 mm
(12 in.) min

300 mm
(12 in.) min

300 mm
(12 in.) min

600 mm (24 in.) min

W + 900 mm (36 in.) min

W values)

600 mm (24 in.) min

Shell plate

Concrete or masonry

Inside of shell at
centerline of opening

Inside of shell at
centerline of opening

Inside of shell
at centerline
of opening

Notch to suit bottom reinforcing plate

Inside of shell
at centerline
of opening

300 mm (12 in.) min

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

W values)

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

300 mm (12 in.) min

300 mm
(12 in.) min

Ringwall

Ringwall notch

Alternative
notch detail

Ringwall

600 mm
(24") min

6 mm (1/4")



Sy

CA

tbr

h

b

H

G

Y

Sd Sy

Sd

Sy

CA

tc

h 

C b

tbr

h

Sd

b
YHG

Sd

tc h( )
CϒHG

Sd

CA

h

b
××

h

b
>



C b

H

G

Sd

Sd

CA

tc

h

C b

C b

H

h

b
××

h

b
≤

ϒ

tc ( )
C × ××

×

C

××

tc h( )
CϒHG

Sd

CA

h

b
××

h

b
>

h

b
××

h

b
≤

ϒ



G

Sd

Sd

CA

tc ( )

C × ××

×

C

××



b

h

ta

td

K ht

h b W
r r

ID



td
t

L L

h L – h

L h

h

E

tbr

HG ≤

HG ≤

HG ≤

tn
tn

h b W
r r



tn = 16 mm (5/8 in.) min

One 6 mm (1/4") telltale
hole in reinforcing plate
at about mid-height

Section B-B

Section A-A

B

h

50 mm (2 in.) min

150 mm
(6 in.) min

W/2 arc dimensions

150 mm (6 in.) min

L

375 mm (15 in.) min

C

C

Shell or insert plate in
flush connection = td

Reinforcing plate = td

B

75 mm
(3 in.)

Bottom reinforcing plate

Shell plate of
lowest shell
course = t

See Section C-C
(Figure 5.11 —
continued)

Centerline of connection

tb

td

td

32 mm (1 1/4 in.) min

Bottom reinforcing plate

A

A

Butt-weld
Nozzle transition to

circular flange

Butt-weld

75 mm
(3 in.) radius

125 mm (5 in.) min

Full-fillet weld

All joints approximately
90 degrees

Bottom plate

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

2td + 250 mm (10 in.) 

(See Note 2)

Centerline
of connection

600 mm(24 in.) min

32 mm
   (11/4 in.) min

Notch as required to provide
flush joint

Full-penetration
weld

5 mm
(3/16 in.)

6 mm
(1/4 in.)

r2

r1

b/2

300 mm
(12 in.) min



(See Note 2)

td
(40 mm [11/2 in.] max)

Round corner
when td > 40 mm (11/2 in.)

125 mm
(5 in.)

td

tn

td

b/2 (min)

tn = 16 mm (5/8 in.) min

Nozzle transition

Flanges per Tables 5.8a and 5.8b

(See Note 1)

Typical Detail for Connections with b = h

tb ta = 13 mm (1/2 in.) min

2td + 250 mm (10 in.)

h

Centerline of
nozzle flange and
shell opening

Bottom plate

Bottom
reinforcing

plate tb 

Bottom
transition
plate ta 

Full-penetration weld

1

4

Alternative
butt-weld detail

Bottom
transition
plate ta 

6 mm
(1/4 in.) min

32 mm
(11/4 in.) min

Bottom
reinforcing

plate tb 

Full-penetration
weld

Flanges per Tables 5.8a and 5.8b

tn

tb

2td + 250 mm (10 in.)
h

Centerline
of nozzle

flange

tn = 16 mm (5/8 in.) min

ta

Bottom plate

Round corner

td
[40 mm (11/2 in.) max]

b/2
125 mm
(5 in.)

td

td

Round
corner

when td =
40 mm (11/2 in.)

a

< 30º

Nozzle transition
(see 5.7.8.4, Item g)

Nozzle neck
(see 5.7.8.4,

Item g)

Back chip
and weld

(See Note 2)

tn

1
4

1
4

1
4

Round corner

Full-penetration
weld

tn

Section C-C

Typical Detail for Connections with b > h

Note 1: Flange weld sizes shall be the smaller of the available hub material for tn.

Note 2: Thickness of thinner plate joined 13 mm (1/2 in.) maximum.



b b

b b

b



Position of shell after
elastic movement

Initial shell radius = R

Shell radius = R + R

Height of bending
in shell varies with

tank radius and
 thickness

Transition plate

BottomReinforcing plate

Inside diameter of shell

75 mm (3 in.) min

(See Details A and B)

Initial centerline
of connection

Angle of
rotation

Centerline of
connection after

elastic movement
of shell

Inside of shell at
centerline of opening

75 mm(3 in.) min
75 mm(3 in.) min

Inside of shell at
centerline of opening

Notch to suit bottom reinforcing plate

W + 300 mm (12 in.) min,
except as limited by

curvature of foundation
(see Detail B)

Detail A Detail B

Details of Notch in Ringwall
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MW MWS

ID
DC DB

DP
DR

ID Dp

ID
DC DB

DP
DR

ID Dp



150 mm (6 in.)

150 mm (6 in.)

A

16-mm (5/8-in.) diameter bolts in 20-mm (3/4 in.)
diameter holes (see Table 5.13a and Table 5.13b
for number of bolts; bolt holes shall straddle 
centerlines)

A

6 mm (1/4 in.) cover plate

DB 16 mm (5/8 in.)
diameter rod

DC

DP

DR

ID

6 mm (1/4 in.)

6 mm (1/4 in.)

6 mm (1/4 in.)

Axis always
vertical

or 150 mm (6 in.) min

6 mm (1/4 in.)
cover plate

ID

DP

Roof plate

Section A-A—Roof Manhole With Reinforcing Plate

Base For Roof Manhole Without Reinforcing Plate

Alternative Neck-to-
Roof-Plate Joint

Roof plate

6 mm (1/4 in.)

6 mm   (1/4 in.)

6 mm (1/4 in.)

6 mm
(1/4 in.)

6 mm    (1/4 in.)

5 mm (3/16 in.)

5 mm   (3/16 in.)

150 mm
(6 in.)

75 mm (3 in.)

Reinforcing plate

1.5 mm (1/16 in.)
thick gasket

Alternative Flange Detail
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DP HR DR

DP HR DR





Typical

75 mm (3 in.) typical

45º

Grind flush

Section A-A, Typical

A
A

125 mm (5 in.)
typical

Neck 6 mm (1/4 in.) thick min.

16 mm (5/8 in.) diameter rod,
4 places

Except for handles, cover
plate not shown.

1800 mm
(6 ft) max

900 mm (3 ft) max

B B

Typical

1.5 mm (1/16 in.) thick gasket

Cover 5 mm (3/16 in.) thick minimum

5 mm (3/16 in.) galv. wirerope lanyard

250 mm
(10 in.) max

Note 1

6 mm (1/4 in.) reinforcing plate, when required. See Note 4.

38 mm (1.5 in.) x 38 mm (1.5 in.) x 6 mm (1/4 in.) tab

Section B-B

Note 3

75 mm
(3 in.)

150 mm
(6 in.)

5 mm (3/16 in.) typical 100 mm (4 in.) minimum

75 mm (3 in.) x 10 mm (3/8 in.)
bar flange

Roof plate



Typical

Neck 6 mm (1/4 in.) thick min.

16 mm (5/8 in.) diameter rod handle, 1 place 
for 900 mm (3 ft) or less cover, 2 places at 
1/4-points for larger openings

1800 mm
(6 ft) max

900 mm (3 ft) max

250 mm
(10 in.) max

Note 1

Elevation

Plan

Note 2

125 mm (5 in.)

5 mm (3/16 in.) minimum thick cover
50 mm (2 in.)

100 mm (4 in.) minimum

Roof plate

5 mm (3/16 in.) typical

150 mm
(6 in.)

Provide 2 lock tabs for openings
larger than 900 mm (3 ft)

50 mm (2 in.) typical

5 mm
(3/16 in.)

Fabricate hinges from NPS 1 
SCH 40 pipe and 22 mm (7/8 in.) rod, 
minimum 2 each, maximum 600 mm 
(2 ft) O.C., equally spaced.

75 mm
(3 in.)

6 mm
(1/4 in.)
min.



DR

Axis always
vertical

Alternative
Neck-to-Roof-Plate

Joint

Roof plate

Base for Nozzle without Reinforcing Plate

Axis always
vertical

Roof plate6 mm
(1/4 in.)

6 mm  (1/4 in.)
6 mm

(1/4 in.)
5 mm

(3/16 in.)

DP

DP

Plain or raised-face
slip-on welding, welding-neck,
or plate ring flange

(See note)

Standard-weight line pipe

HR

Nozzle with Reinforcing Plate

6 mm (1/4 in.)
6 mm (1/4 in.)

6 mm (1/4 in.)5 mm (3/16 in.)

Roof plate

Nozzle without Reinforcing Plate

Axis always
vertical

Roof plate

DP

(See note)

Nozzle with Reinforcing Plate

DR

DP

Axis always vertical

Pipe coupling

Full fillet

Full fillet

Full fillet

Detail a1
Detail a2

Detail b Detail c

Detail a4

Detail a3

C

B
1 pipe

diameter (min)

100 mm (4 in.)
Sand cushion A

t

t

t

Tank bottom

See Detail
b, c, or d

Tank shell

Nozzle neck

Tack-weld
backup bar
to flange60

6 mm (1/4 in.)
6 mm (1/4 in.)

6 mm
(1/4 in.)

6 mm
(1/4 in.)

6 mm
(1/4 in.)

6 mm
(1/4 in.)

8 mm (5/16 in.)

8 mm (5/16 in.)

8 mm
(5/16 in.)

Internal pipe

Detail d

Full fillet weld
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A
B

C t

A
B

C t

150 mm (6 in.)
diameter

Schedule 40
pipe (see note)

150 mm (6 in.)

230 mm (9 in.) diameter

135 mm (51/4 in.) ID

10 mm (3/8 in.)
formed plate

6 mm (1/4 in.) plate

6 mm (1/4 in.)

8 mm (5/16 in.)

6 mm (1/4 in.)

Tank roof
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Notes:
1. Lug material shall be austenitic stainless 

steel when attached to carbon or low alloy 
steel parts.  When attached to other 
materials, lug material shall be similar to the 
material to which attached.

2. See tank drawing/data sheet for elevation 
and orientation.

3. Drawing courtesy of PIP (Process Industry 
Practices).

DO NOT PAINT

2 in.

Shell

1 in.

C 9/16 in. Diameter hole

1
1
/ 4

 i
n

.
1

1
/ 4

 i
n

.

3/16 in.

1/4 in. thick
See Note 1

Radius corners

Insulation
(if required)

2
1
/ 2

 i
n

.

L

[SI units omitted for clarity]
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× ×



Z

D

H

Fy

Pwd Pwv

Pwv

Pwv V

V

Z

D

H

V

F

Pwd Pwv

Pwv

Pwv

Z
H D

Fy

Pwd

v

Z
Fy

H D
Pwd



I

D

H

E

P

P

P V

V

I

D

H

E

P

P

P V

V

t

t

I H×( ) E⁄[ ] D× Pwd ⁄( )×

Pwv

V

I
H

E
D

Pwd

Pwv

V



16t 

Detail c

Detail e

16t 

25 mm (1 in.)

16t 

16t 

16t 

16t 

16t 

16t 

150 mm (6 in.)

b

t

t

t

65 mm (21/2 in.)

6 mm (1/4 in.)

tt

Detail a Detail b

Detail d



× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b



× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

× ×

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b
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bmin

D

D

C

C
B

B

A

A

bmin

Bar e Bar d

a

Bar c

t s
t R

Up

b

t



H

t

D

P

P

P V

V

H

t

D

P

P

P V

V

H t
t

D Pwd

Pwv

V

H t
t

D Pwd

Pwv

V



p Kz Kzt Kd V I G

Kz C

Kzt

Kd =

V

I = 

G = C

H

Wtr

W

tuniform

tactual  

H

Proceedings of the American Petroleum Institute, Section III—
Refining,

Wtr W
t

t



H

H

Z

D

h

V

Fy

Pwd Pwv 

Pwv

Pwv V V

Z

Z
h D

Fy

PWd

Z
Fy

h D
Pwd



D

h

V

Fy

Pwd Pwv 

Pwv

Pwv V V

H

h

Dt

D

t

Dt

D

t



Loads

Roof Plate Thickness:

Structural Member Attachment:

Structural Member Thickness:

Top Attachment:

Frangible Roof:
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A A

DLS N

Fy

A
DLS

πFy θ

θ

θ



Stiffeners:

Alternate Designs:

Lateral Loads on Columns:

L rc L r

L r

L

rc

r



b

Fy

t

p

Load Distribution

b t( Fy p⁄ ) ≤



Corrosion and Abrasion Protection

Vertical Movement

Lateral Movement

Sb Su

Sb

θ ≤

θ ≥

D

E

B Sb

U Su

θ

CA

x D

θsin

B

xE

x D

θsin

U

x E
, ,



No weld

Structural Column

Guide

Plate acting as Sealed Wear
Plate that is also thick enough
to distribute load

Bottom plate

A

No weld

Column

Guide

Sealed wear plate

Plate that is thick enough
to distribute load

Bottom plate

C

No weld

Column

Guide

Sealed wear plate

Bottom plate

Assembly of structural beams

B

Pipe Column



D

E

B Sb

U Su

θ

CA

p

D

θ

Fa Fy

Fy 

D

D

x D

θsin

B

xE

x D

θsin

U

x E
, ,

pD

Fa θ



D

E

B Sb

U Su

rr

D

E

B Sb

U Su

rr

p

D

θ

x rr

B

xE
x rr

U

x E
,

x rr

B

xE
x rr

U

x E
⁄,

pD

Fa θ



Fa Fy

Fy

Mw MPi MDL MDLR

Mw Fp MPi MDL MF MDLR

Mws Fp (MPi) MDL MDLR 

Wind uplift load

Internal pressure load

D/2

H

Dead load (DL)

Liquid hold down weight (wa)

Moments about
shell to bottom Joint

Wind load on shell

H/2 for uniform
pressure on shell



FP

MPi

Mw

MDL

MF

MDLR

MWS

Mws Fp (MPi ) MDL MDLR

wL

G

H wL  HD HD

Fby

G  

H

D

tb

tb wL

L

Lb D

wL tb CA( ) FbyH( )

wL tb CA( ) FbyH( )



Tb U N

Tb

U

N tb

e em

em + d/  + EtDT

Lb tb CA( ) Fby H⁄ D≤

Lb tb CA( ) Fby H⁄ D≤



U

Pi × D × W × Fy Fty

Pt × D × W × Fy Fty

P × D × × M D W × Fy Fty

× Mrw D W AV × Fy Fty

Fp Pi P × D × M D W × Fy Fty

Fp Pi × D × Mrw D W AV × Fy Fty

× Pf × D × W Fy Fty

Av

D

Fp

Fty

Fy

H

M P × D × H

M

Pi

Pf

Pt

P P

P

W

W

W



Pi × D × W × Fy Fty

Pt × D × W × Fy Fty

P × D × × M D W × Fy Fty

× M D W AV × Fy Fty

Fp Pi P × D × M D W × Fy Fty

Fp Pi × D × M D W AV × Fy Fty

× Pf × D × W Fy Fty

Av

D

Fp

Fty

Fy

H

M P × D × H

Mrw

Pi

Pf

Pt

P

P

P

W

W

W



em + d/  + EtDT

d

D

e

em

Et

T

Fy

Fy

Sm

L



T





(3) sides

4

1

1

2.2

2.2

3 36

6

2.1

2.1

5
5

4

Key

1     tank shell
2.1  SS hold down strap
2.2  CS hold down strap
3     tank bottom

4  shell re-pad
5  base foundation
6  butt weld joint
    (w/ backing bar)

NOTE   Part 2.2 tensile and yield properties of the strap material 
to be equal to or less than those of the shell plate material.



1

1

2.2

2.2

3

6

8

2.1

2.1

5
5

44

8

7

7

3

Key

1     tank shell
2.1  SS hold down strap
2.2  CS hold down strap
3     stopper plate
4     shell re-pads

5  base foundation
6  tank bottom
7  cross plate
8  butt weld joint
    (w/ backing bar)

NOTE   Part 2.2 tensile and yield properties of the strap material 
to be equal to or less than those of the shell plate material.



L

L

b

Seal

1/4 

1/4 

1/4 

1/4 

Strap cross-sectional area = b × t

   where 

        b  is the strap width 

        t   is the strap thickness

Lmin = 1.1 × b × t

  where 

       L is the length of fillet weld



Ws Wrss Π D

Wc Wrsc

tbγb

Pi

Pe Arss Π D

Pe Arsc

Hγw

Lr Arss Π D

Lr Arsc

Mrw D Ws Wrss Av Π D)

Ms Π D

SArss Π D

SArsc

GHγw

Pt

Hs PWS Π D

Av

D

G

H

Hs

Mrw

Ms

Pi

Pe

Pt

PWS

tb

Arss

Wrss

Ws

Arsc

Wrsc

Wc

γb

γw

Lr

S
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mm

16

13

10

5

A
L

L

ft.

m 12 18
Tank Diameter

S
h

e
ll 

P
la

te
 T

h
ic

k
n

e
s
s

Shaping required

prior to installation

Shaping not required

36 ALL

in.

5/8

1/2

3/8

3/16 

A
L

L

40 60 120 ALL

NOTE    Any combination of diameter and thickness falling on or 

             above the solid line requires shaping prior to installation.
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Code

Code

t

t ≤

t ≤

t

t ≤

t ≤

t
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t ≤

t ≤

t 

t ≤

t ≤
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Manual of Petroleum Measurement Standards
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Code



Top of shell

Top of shell

Tank bottom

Tank bottom

Tank bottom

(Numbers in squares refer to notes below)

1

2 1

2

3
3

3

1

1
2

3

4

150 mm (6 in.)

50 mm (2 in.)

75 mm (3 in.)

75 mm (3 in.)

75 mm (3 in.)

50 mm (2 in.)
1

2

33

4 4
4

5 5 5

1

4 4

² 10 mm (3/8 in.)

> 10 mm (3/8 in.)
CL

> 10 mm (3/8 in.)

1

22

2

4

4 4 4 4 4 4

444

2 4

44

44 4 4 4 4

42

66 6

6 6 6

10 mm (3/8 in.)

10 mm (3/8

25 mm (1 in.)

> 25 mm (1 in.)

150 mm (6 in.)

25 mm (1 in.) maximum

10 mm (3/8 in.) maximum

CL

50 mm
(2 in.)

50 mm
(2 in.)
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API STANDARD 650

ANNEX

EDITION

NOMINAL DIAMETER

MAXIMUM CAPACITY

DESIGN SPECIFIC GRAVITY

DESIGN PRESSURE

MANUFACTURER’S SERIAL NO.

INT. PRESS. COMB. FACTOR

FABRICATED BY

ERECTED BY

YEAR COMPLETED

ADDENDUM NO.

NOMINAL HEIGHT

DESIGN LIQUID LEVEL

MAXIMUM DESIGN TEMP.

DESIGN METAL TEMP.

STRESS RELIEF

PURCHASER’S TANK NO.

SHELL COURSE MATERIAL

EXT. PRESS. COMB. FACTOR



Fp

Fpe
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D

H
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D

H
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D H G

E
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E
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A

A

CA

D

E

Ej

Ftu

Fty

G

H

ph



Sd

St

tb

th

ts

W

w

h

Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate

Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate [Metric] 

Standard Specification for Aluminum and Aluminum-Alloy Drawn Seamless Tubes 

Standard Specification for Aluminum and Aluminum-Alloy Drawn Seamless Tubes [Metric] 

Standard Specification for Aluminum and Aluminum-Alloy Bar, Rod, and Wire 

Standard Specification for Aluminum and Aluminum-Alloy Bar, Rod, and Wire [Metric]

Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and

Tubes 

Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and

Tubes [Metric] 

Standard Specification for Aluminum and Aluminum-Alloy Seamless Pipe and Seamless

Extruded Tube 

Standard Specification for Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled Ring

Forgings

Standard Specification for Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled

Ring Forgings [Metric] 

Standard Specification for Aluminum-Alloy 6061-T6 Standard Structural Profiles 

Standard Specification for Aluminum and Aluminum-Alloy Seamless Pipe and Seamless

Extruded Tube for Gas and Oil Transmission and Distribution Piping Systems 



Standard Specification for High Magnesium Aluminum-Alloy Sheet and Plate for Marine Service and

Similar Environments 

Specification for Bare Aluminum and Aluminum-Alloy Welding Electrodes and Rods
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Butt-Welded Bottom Joints
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Cover Plate and Flange Thickness

Neck Thickness

Weld Sizes

p V

p V

V

Hw

c

Dts

ts Fty

Z
pHwD

Ec
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Case A—Minimum Cover Plate Thickness

for Bolting-up Condition [Note 1]

Case B—Minimum Cover Plate Thickness

for Operating Condition [Note 1]

cleanout fittings: 200 mm ×  400 mm  (8 in. × 16 in.)

                            600  mm × 600 mm (24 in. × 24 in.)

Cleanout fittings

(24 in. × 24 in.)

900 mm (36 in.)

Manholes

30 in.

24 in.

20 in.

(8 in. × 16 in.)

0              0.18            0.36           0.54          0.72          0.9                       1.08

           1000         2000            4000          6000                       8000      10,000        12,000

Allowable Plate Stress, psi, from Table AL.6b at 100 ºF

1.6

1.0

0.6

0.4

0.8

G  is the specific gravity of liquid that determines the shell thickness;

H  is the height of design liquid level above centerline of manhole m (ft);

f   is the allowable tensile stress (S    or S  ) from Table AL.6a and Table AL.6b at the temperature coincident with G, MPa (psi).

NOTE 1   The minimum cover plate thickness shall be a maximum of Case A or B values.

H × G
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1.4

1.2

1.0

0.5

0.2
        7            14                      28                     42                           55                   68                   82

41

15
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20

36

30

25

5

C
o

v
e

r 
P

la
te

 T
h

ic
k
n

e
s
s
, 

t 
 ,

 m
m

c

Allowable Plate Stress, MPa, from Table AL.6a at 40 ºC

C
o

v
e

r 
P

la
te

 T
h

ic
k
n

e
s
s
, 

t 
 ,

 i
n

.
c

C
o

v
e

r 
P

la
te

 T
h

ic
k
n

e
s
s
, 

t 
 ,

 m
m

c

66

56

46

36

25

15

5

2.6

2.2

1.8

1.4

1.0

0.6

0.2

              0                          0.004          0.008         0.012                      0.016      0.020                      0.024

d b

200 mm × 400 mm

600 mm × 600 mm

750 mm (30 in.)

600 mm (24 in.)

300 mm (20 in.)

H × G

   f

All Manhole Sizes in Case B



Case A—Minimum Flange Thickness

for Bolting-up Condition [Note 1]

Case B—Minimum Flange Thickness

for Operating Condition [Note 1]

900 mm (36 in.)

Manholes

36 in.
Manholes

30 in.

24 in.

20 in.

(24 in. × 24 in.)

Cleanout fittings

 
200 mm ×  400 mm  (8 in. × 16 in.)

 600  mm × 600 mm (24 in. × 24 in.)

Allowable Plate Stress, MPa, from Table AL.7a at 40 ºC
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G  is the specific gravity of liquid that determines the shell thickness;

H  is the height of design liquid level above centerline of manhole, m (ft);

f   is the allowable tensile stress (S   or S  ) from Table AL.6a and Table AL.6b at the temperature coincident with G, MPa (psi).

NOTE 1    The minimum cover plate thickness shall be a maximum of Case A or B values.
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 600 mm × 600 mm (24 in. × 24 in.) cleanout fitting
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G   is the specific gravity of liquid that determines the shell thickness;

H   is the design liquid level, m (ft).

NOTE 1   The bottom reinforcing plate shall be the same alloy and temper as the bottom shell plate.

Stress in Shell Plate at Bottom of  Tank, psi, for Condition That Determines Shell Thickness

 2000                      4000                     6000                    8000                    10,000                 12,000

Stress in Shell Plate at Bottom of  Tank, MPa, for Condition That Determines Shell Thickness
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AcGD
H Y

D

H

D

T h s

Nh Ni Nc AvNh

t
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D

H

Wp

Wf

WT

Wfd

Wg

Ms

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

   

Assume concrete weighs 150 lbs/cf

 Assume soil weighs 100 lbs/cf

6 ft

3 ft  

6 ft  

0

2 

2 2 



Wg

Wfd DAfd

Wgo D

Wgi D

D Wp Wf WT Wfd Wg

Ms



H P G P G H 

P G 

H

-
-
`
,
`
,
,
`
,
,
,
,
,
`
,
,
,
,
,
`
,
`
,
,
`
`
,
,
`
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



No

No

No

No

Yes

Yes

Yes

(F.1.2)

Yes

Does tank have internal 
pressure? (1.1.1, 1.1.13, F.1.1, 

F.1.2, F.1.3, and F.2)

Does internal pressure 
exceed weight of roof and 

attached structural?
(1.1.1)

Does internal pressure 
exceed the weight of the shell, 
roof and attached structural?

Provide anchors and 
conform to F.8.

Does internal pressure 
exceed 

18 kPa (2.5 PSIG)?
(F.1.3 and F.2)

Use API 620

Basic Design

Basic Design

Basic Design plus Annex F.1 through F.6.
Anchors for pressure alone not required.
Do not exceed Pmax.
Limit roof/shell compression area per F.5.

API 650 with Annex F or
API 620 shall be used.



Le

Le

Rc
Rc

tc
tc

ta

th
th

wc

ta

Detail b

C

wh

B

2tc max

C

B

wh

Neutral axis
of angle

wc

Detail c

ta = thickness of angle leg
tcr = thickness of bar
tc = thickness of shell plate
th = thickness of roof plate
ts = thickness of thickened plate in shell
tf = ta plus tc (see note 4)
wc = maximum width of participating shell
  = 0.6 (Rc t)1/2, where t = ta, tc, ts, or tf as applicable.

Le

2tc max

wh

wc

tc

Detail f

th

Rc

ta

th

Le

ta

C
B

tc

Rc

Neutral
axis of
angle

wh

Detail d

wc

2tc max

ta Le
Alternative

Rc
tc

R2

th

Detail a

wc

wh

Le
Le

ta

th

Rc

ta

wh

2tc max

wc

tc

Detail g

Detail i

tc
Rc

0.6(R2
tcr

)1
/2

wc

tcr

or a maximum 

of 0.9(Rc
tcr

)1
/2

Full fusion weld at
these radial joints

Le

Roof may be lap 
welded or butt 
welded to the 
compression ring. 
When lap welded, 
the roof may be 
located above 
or below the 
compression ring. 
(See Note 5)

NOTE 1 All dimensions and thicknesses are in millimeters (inches).

NOTE 3 The unstiffened length of the angle or bar, Le, shall be limited to 250t/(Fy)1/2 mm [3000t/(Fy)1/2 in.] where Fy is the 
minimum specified yield strength, MPa (lbf/in.2) and t = ta or tb, as applicable. 

NOTE 4 Where members are lap welded onto the shell (refer to details a, b, c, and g), tf may be used in wc formula only 
for the extent of the overlap.

NOTE 5 When the lap welded roof plate is located under the compression bar, the Purchaser should consider the use of 
caulking on top of the fillet weld to ensure the drainage of rainfall.

Alternative
(inside or outside)

Detail k

Rc

wc

tcr

th

wh

tc

2ts or 2tcr max

ts

Le

Detail h

wh

2tc max

tcr

wc

tc
Rc

th

Le

Le

ta

th

Rc

C

B

tc

wh

Detail e

wc
Neutral
axis of
angle

wh = maximum width of participating roof
  = 0.3(R2 th)1/2 or 300 mm (12 in.) whichever is less.
Rc = inside radius of tank shell
R2 = length of the normal to the roof, measured from the
  vertical centerline of the tank = Rc / (sin )
 = angle between roof and horizontal

Le

tcr

Full fusion weld at
these radial joints

Detail j

0.6(R2
tcr

)1
/2

or a maximum 

of 0.9(Rc
tcr

)1
/2

wc

Rc

tc

Roof may be lap 
welded or butt 
welded to the 
compression ring. 
When lap welded, 
the roof may be 
located above 
or below the 
compression ring. 
(See Note 5)
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Taper 
(see 
7.2.3.3)
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P

P

P

A

Fy

θ

θ

DLR

P

A

Fy

θ

θ

DLR

P
AFy θ

D

DLR

D

P
( ) AFy( ) θ( )

D

DLR

D



P

D

Fp

MDL

MDLR

MF

Mw

Mws

P

P ≤ Pf

β

D

MDL
MDLR Mw

β

Fp D

MDL MF
MDLR Mw

β

Fp D

MDL
MDLR Mws

P
β

Fp D

MDL
MDLR Mws



A A

Pi

DLR

A A

Pi

DLR

A

A

D Pi

DLR

D

Fy θ( )

A

D Pi

DLR

D

Fy θ( )

t
P Rt×( )

α Sd× E×
Ca



t

P

R

a

α

Sd

E

E

E

E

E

E

Ca

t

t

t

γ

γ

γ

P

R

t
γ P RR×( )×

Sd E×
Ca



S

E

E

E

E

E

E

C

t

t

Pf

DLR

P f P
D LR

D
–=

P f P
D L R

D
–=



Pf

DLR
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Aluminum Standards and Data
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Aluminum Design Manual

pecifications for Aluminum Sheet Metal Work in Building

Construction

Aluminum Design

Manual Design Guide

27: Structural Stainless Steel

Aluminum Design Manual

pa

E

pa

E IxA

LR SF



Ix

A

R

L

SF

pa

An

D

p

Ft

Fh AiWr

Fv AvWr

Ai Av Wr

An

D p

Ft



P

DLR





Flanged base

Through-fastener

Dome panel

Reinforcing plate (Typical)

Nozzle
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Aluminum Design Manual

luminum Design Manual:

Specifications for Aluminum Structures
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 Standard for Low-Expansion Foam 
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Df + Pfe Lf Lf



Df

Lf

Lf

Pfe

Lf

Aluminum Design Manual

Manual of Steel Construction, Allowable Stress Design
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Pfe
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Flexible membrane liner

Tank bottom

Slope down

Gravel at drain

Tank shell

Bond liner to ringwall
for leak-tight connection

Concrete ringwall

Sand pad

Drain pipeSee API RP 651
for evaluation of
cathodic protection
methods



Flexible 
membrane liner

Sand cushion
Tank bottom

Slope

Sand or gravel backfill
Drain pipe

Crushed stone ringwall

Asphalt on surface 
of gravel

Flexible membrane liner between 
two (19 mm [3/4 in.] thick) 
asphalt-impregnated fiberboards 

Tank shell

Gravel at drain

See API RP 651
for evaluation of cathodic
protection methods

Flexible 
membrane 
liner

Slope

Tank bottom

Tank shell

Gravel at drain
Drain pipe

Asphalt on surface
of tank pad

Flexible membrane liner
between two asphalt- 
impregnated fiberboards 
(19 mm [3/4 in.] thickness)

Sand cushion

See API RP 651
for evaluation of
cathodic protection
methods

Secondary tank bottom

Tank shell

Primary tank bottom

Flexible membrane liner

Tight attachment
to shell

Optional - this seam may be sealed
by caulking or welding (if welded,
see I.4). Not sealing may accelerate 
bottom side corrosion.

Drain pipes not shown

Concrete ringwall shown
(crushed stone alternative)

See API RP 651 for cathodic 
protection recommendations

Sand, pea gravel, or 
concrete with drainage 
grooves on top side
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Shell support 
ring (continuous)

See API RP 651 
for evaluation of
cathodic protection 
methods

Wire fabric

25 mm (1 in.) (min)

Tank shell

t

2t (25 mm [1 in.] min)

Alternative floor supports

NPS 1/2 pipe
coupling at drain

Grating or
structural shapes 

Optional - this seam may be sealed
by caulking or welding (if welded,
see I.4). Not sealing may accelerate 
bottom side corrosion.

Compacted sand fill

Slope

Concrete slab

Piles (if required)

Drain pipe with
optional sleeve

Flexible liner bonded to
wall for leak tightness

Gravel or geotextile
material at drain

Tank bottom

Tank shell

Flexible membrane 
liner or applied coating 
for leak tightness

See API RP 651
for evaluation of
cathodic protection
methods



b

Fy

tg

CA

p

Radial grooves
on top of slabTank bottom

Tank shell

Piles (if required)

Reinforced concrete slab to be 
designed for leak tightness per 
ACI 350

Slope

Drain grooves
at edge

b
Fy tg CA

p

tg

b p

Fy

CA



tg CA

d

Es

d
pb

Es tg CA
tg CA

Floor sump

100 mm (4 in.) sand cushion

Tank bottom

Gravel at drain

Slope

Drain pipe with optional sleeve.
Discharge to leak detection
well or perimeter

Flexible membrane 
liner to follow contour 
of excavation

Flexible membrane liner 
bonded to sump (Alternative 
is to continue liner into the 
sump as a lining)

100 mm (4 in.) sand cushion

Gravel at drain

300 mm (12 in.) diameter (min) sump

Drain pipe with optional sleeve.
Discharge to leak detection
well or perimeter



Manual of Steel

Construction

Drain pipe to well.
Pipe may be above
grade or below grade 
(with pipe sleeve)

Ringwall foundation shown. 
Detail is typical for all types 
of foundations

See note

Detection well
100 mm (4 in.) 
diameter (min)
with top hatch

Note: Top of well shall be above maximum high water level within dike.

See note

Removable weather cover

Detection well (concrete pit
adjacent to concrete ringwall)

Drain pipe



SECTION A-A

A A A
A

Locate anchors near
grillage members

b b b

b
b

b
b

b

Anchorage (if required)

Top of
foundation

Butt-welded joint

Grillage members
Butt-welded joint

Lateral bracing (if required)

t g
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ttx

tu
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Atmospheric Storage Tank Data

Sheet
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Show appropriate units for every

appropriate numerical entry.



API 2350.



Fpe

Fpe



b



No reproduction or networking permitted without license from IHS
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Boiler and Pressure Vessel Code,

Ra
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API 650
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Annular or
sketch plate

32 mm (11/4 in.) min

T

Detail a

PLAN VIEW

Detail b

Detail c

VIEW B–B
(tank shell omitted for clarity)SECTION A–A

See Detail c

T F

E

Pipe
T

Alternative
backup ring

30° 10°

Steel beam to support all
calculated loads at shell

See Detail a

Grout or
fiberboard

T

30°
max

Support plate
optional

(depending
on nozzle

load)

300 mm
(12 in.) min

Ringwall

Annular or
sketch plate

End of beam
must be over wall

25 mm

(1 in.) min

radius

Shell

75 mm (3 in.) min radius

150 mm (6 in.) overhang 100 mm (4 in.) projection
beyond centerline
of shell plate

Split tee
(see Table

O.1) B/2
AA

W/2

L

B

B

G K J

D

E

F

H

32 mm
(11/4 in.)

min T

Split tee

10 mm
(3/8 in.) plate

Tank
bottom
plate

See
Detail c

Design support
as required
for load

Thrust
block

Short radius

elbow (also

see Detail b)

25 mm (1 in.) min
grout or fiberboard
(also around top
of vault wall)

6 mm
(1/4 in.)

Reinforcing bars to be continuous
around vault opening

CL

10 mm (3/8 in.) plate



Detail a

VIEW B–BSECTION A–A

See Detail b

F

E

Pipe

Alternative backup ring 30° 10°

30°
max

Annular plate (see note)

Shell plate

B/2 A

B

B

K
J

D

13 mm
(1/2 in.) min

Reinforcing bars to be continuous
around vault opening

Ringwall

Tank bottom

A

Grout

Detail b

PARTIAL PLAN VIEW

As required
 for clearance

Tank bottom

25 mm
(1 in.) min

E

Thrust block Design support as
required to support load

See also
Detail a

Annular
plate

(see note)
Sand
Grout

Nozzle support
optional

(depending on load)

A
s
 r

e
q

u
ir
e

d
fo

r 
d

e
ta

il

Slab roof to be designed
to carry liquid load over
the opening

CL

See Detail b

Sand



1.2 m (4 ft )

300 mm (12 in.) min

3 m (10 ft) min

Tank shell

75 mm (3 in.) min of compacted crushed
stone, screenings, fine gravel, clean

sand, or similar material

Tank bottom

150 mm (6 in.) of oiled sand

Centerline

Coarse stone
or gravel

1.5

1

75 mm (3 in.) min of compacted crushed
stone, screenings, fine gravel, clean
sand, or similar material

Thoroughly compacted fill of
gravel, coarse sand, or
other stable material

150 mm (6 in.) layer of oiled sand

Protective coating for piping

2

1

Undisturbed soil

Bevel pipe after cutoff

Bottom plate

Alternative backup ringAlternative backup ring

Bottom plateBottom plate

30° min

Pipe OD

Thoroughly compacted fill of
gravel, coarse sand, or

other stable material

Tank bottom

300 mm
(12 in.) min

See Detail a

See Detail b

Slope 25 mm (1 in.)
in 1.5 m (60 in.)

45°

Undisturbed soil

2

1

C

C

Detail a Detail b

SECTION C–C
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b b c c

b c

0.1 or
[1.0 – 0.75 X B / (R t )0.5 ],
whichever is greater

(  /2YF ) (FR /FP)

0.1 or
[1.0 – 0.75 X A / (R t )0.5 ],
whichever is greater

(  /aYL ) (M L /FP)
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Corrosion Prevention by Protective Coatings

Metallic Materials for Concentrated Sulfuric Acid Service

Alloy Selection for Dilute and Medium Concentration Sulfuric Acid

Design, Fabrication and Inspection of Storage Tank Systems for Concentrated Fresh and Process Sulfuric Acid and

Oleum at Ambient Temperatures

Materials Selector for Hazardous Chemicals

Materials Selector for Hazardous Chemicals

Materials Selector for Hazardous Chemicals

Materials Selector for Hazardous Chemicals

Materials Selector for Hazardous Chemicals

Materials Selector for Hazardous Chemicals
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Materials Selector for Hazardous Chemicals



Sodium Hydroxide Solution and Potassium Hydroxide Solution (Caustic) Storage Equipment and Piping

Systems

Hydrochloric Acid Storage and Piping Systems

Bulk storage of acids: Guidance on the storage of hydrochloric acid and nitric acid in tanks

Recommended Mechanical Integrity Guidelines for Aboveground Storage Tanks of Liquid Fertilizer
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NOTE    See Annex F, Figure F.2 for alternative configurations and 
associated limitations on structural section used for top stiffener.
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NOTE    See Annex F, Figure F.2 for alternative configurations and 
associated limitations on structural section used for top stiffener.
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Welding Guidelines for the Chemical, Oil and Gas Industries

Cathodic Protection of Aboveground Petroleum Storage Tanks

Lining of Aboveground Petroleum Storage Tank Bottoms

Evaluation of the Design Criteria for Storage Tanks with Frangible Roofs

Study to Establish Relations for the Relative Strength of API 650 Cone Roof, Roof-to-

Shell, and Shell-to-Bottom Joints

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

Currents

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

Overfill Protection for Storage Tanks in Petroleum Facilities

Steel Plate Engineering Data, Volume 1 & 2

Flexible Cellular Materials—Urethane for Furniture and Automotive Cushioning, Bedding, and

Similar Applications

Fixed Ladders and Cages Details

Pipe Railing for Walking and Working Surface Details

Details for Angle Railings for Walking and Working Surfaces

National Emission Standards for Hazardous Air Pollutants for Source

Categories (HON)

National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic Organic

Chemical Manufacturing Industry

National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic Organic

Chemical Manufacturing Industry for Process Vents, Storage Vessels, Transfer Operators, and Waste Water

National Emission Standards for Organic Hazardous Air Pollutants for Equipment Leaks

Chemical Accident Prevention Provisions Subpart G, Risk Management Plan

(RMP)

Standards for Owners and Operators of Hazardous Waste Treatment, Storage,

and Disposal Facilities (RCRA) Subpart J, Tank Systems



Subpart D: Walking-Working Surfaces

Process Safety Management of Highly Hazardous Chemicals

Local Stresses in Cylindrical Shells Due to External Loadings—Supplement to WRC
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