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4.2.9.4 The requirements in 4.2.9.3 apply only to shell nozzles and manholes. Materials for roof nozzles and manholes do not
require special toughness. 

4.2.10 Toughness Procedure

4.2.10.1 When a material’s toughness must be determined, it shall be done by one of the procedures described in 4.2.10.2
through 4.2.10.4, as specified in 4.2.9.

4.2.10.2 Each plate as rolled or heat treated shall be impact tested in accordance with 4.2.8 at or below the design metal tem-
perature to show Charpy V-notch longitudinal (or transverse) values that fulfill the minimum requirements of Table 4-5a and
Table 4-5b (see 4.2.8 for the minimum values for one specimen and for subsize specimens). As used here, the term plate as
rolled refers to the unit plate rolled from a slab or directly from an ingot in its relation to the location and number of specimens,
not to the condition of the plate.   

Figure 4-1a— (SI) Minimum Permissible Design Metal Temperature for Materials Used in Tank 
Shells without Impact Testing
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Thickness, including corrosion allowance

Notes:
1. The Group II and Group V lines coincide at thicknesses less than 13 mm.
2. The Group III and Group IIIA lines coincide at thicknesses less than 13 mm.
3. The materials in each group are listed in Table 4-4a and Table 4-4b.
4. This figure is not applicable to controlled-rolled plates (see 4.2.7.4).
5. Use the Group IIA and Group VIA curves for pipe and flanges (see 4.5.5.2 and 4.5.5.3).
6. Linear equations provided in Table 4-3a can be used to calculate Design Metal Temperature (DMT) for each API material group and the

thickness range.
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4.2.10.3 The thickest plate from each heat shall be impact tested in accordance with 4.2.8 and shall fulfill the impact require-
ments of 4.2.10.2 at the design metal temperature.

4.2.10.4 The Manufacturer shall submit to the Purchaser test data for plates of the material demonstrating that based on past
production from the same mill, the material has provided the required toughness at the design metal temperature.

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

Figure 4-1b—(USC) Minimum Permissible Design Metal Temperature for Materials Used in Tank 
Shells without Impact Testing
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Notes:
1. The Group II and Group V lines coincide at thicknesses less than 1/2 in.
2. The Group III and Group IIIA lines coincide at thicknesses less than 1/2 in .
3. The materials in each group are listed in Table 4-4a and Table 4-4b.
4. This figure is not applicable to controlled-rolled plates (see 4.2.7.4).
5. Use the Group IIA and Group VIA curves for pipe and flanges (see 4.5.5.2 and 4.5.5.3).
6. Linear equations provided in Table 4-3b can be used to calculate Design Metal Temperature (DMT) for each API material group and the

thickness range.
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DRAFT 
5.10.5.1 Self-supporting cone roofs shall conform to the following requirements:

θ ≤ 37 degrees (slope = 9:12)

θ ≥ 9.5 degrees (slope = 2:12)

In SI units:

Minimum thickness = greatest of

where 

D = nominal diameter of the tank (m),

T = greater of Appendix R load combinations (e)(1) and (e)(2) with balanced snow load Sb (kPa),

U = greater of Appendix R load combinations (e)(1) and (e)(2) with unbalanced snow load Su (kPa),

θ = angle of cone elements to the horizontal (deg),

CA = corrosion allowance.

In US Customary units:

Minimum thickness = greatest of

where 

D = nominal diameter of the tank shell (ft),

T = greater of Appendix R load combinations (e)(1) and (e)(2) with balanced snow load Sb (lbf/ft2),

U = greater of Appendix R load combinations (e)(1) and (e)(2) with unbalanced snow load Su (lbf/ft2),

θ = angle of cone elements to the horizontal (deg),

CA = corrosion allowance.

5.10.5.2 The participating area at the roof-to-shell joint shall be determined using Figure F-2 and the nominal material thick-
ness less any corrosion allowance shall equal or exceed the following:

where 

p = greater of load combinations (e)(1) and (e)(2) of Appendix R,

D = nominal diameter of the tank shell,

θ = angle of cone elements to the horizontal,

Fa = the least allowable tensile stress for the materials in the roof-to-shell joint determined in accordance with 5.10.3.1.

5.10.6 Self-Supporting Dome and Umbrella Roofs

Note: Self-supporting roofs whose roof plates are stiffened by sections welded to the plates need not conform to the minimum thickness require-
ments, but the thickness of the roof plates shall not be less than 4.8 mm (3/16 in.) when so designed by the Manufacturer, subject to the approval
of the Purchaser.

D
4.8 θsin
------------------ T

2.2
------- CA, D

5.5 θsin
------------------ U

2.2
------- CA, and 5 mm+ +

D
400 θsin
-------------------- T

45
------ CA, D

460 θsin
-------------------- U

45
------ CA, and + + 3 16⁄  in.

pD2

8Fa θtan
----------------------
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5.10.6.1 Self-supporting dome and umbrella roofs shall conform to the following requirements:

Minimum radius = 0.8D (unless otherwise specified by the Purchaser)

Maximum radius = 1.2D

In SI units:

Minimum thickness = greatest of

where

D = nominal diameter of the tank shell (m),
T = greater of Appendix R load combinations (e)(1) and (e)(2) with balanced snow load Sb (kPa),
U = greater of Appendix R load combinations (e)(1) and (e)(2) with unbalanced snow load Su (kPa),
 rr = roof radius (m).

In US Customary units: 

Minimum thickness = greatest of

where 
D = nominal diameter of the tank shell (ft),
T = greater of Appendix R load combinations (e)(1) and (e)(2) with balanced snow load Sb (lbf/ft2),

U = greater of Appendix R load combinations (e)(1) and (e)(2) with unbalanced snow load Su (lbf/ft2),
 rr = roof radius (ft).

5.10.6.2 The participating area at the roof-to-shell joint determined using Figure F-2 and the nominal material thickness less
any corrosion allowance shall equal or exceed:

where 

p = greater of load combinations (e)(1) and (e)(2) of Appendix R,

D = nominal diameter of the tank shell,

θ = angle of cone elements to the horizontal,

Fa = the least allowable tensile stress for the materials in the roof-to-shell joint determined in accordance with 5.10.3.1.

5.10.7 Top-Angle Attachment for Self-Supporting Roofs

Information and certain restrictions on types of top-angle joints are provided in Item c of 5.1.5.9. Details of welding are provided
in 7.2.

5.11 WIND LOAD ON TANKS (OVERTURNING STABILITY)

5.11.1 Wind Pressure 

Overturning stability shall be calculated using the wind pressures given in 5.2.1(k). 

rr

2.4
------- T

2.2
------- CA, 

rr

2.7
------- U

2.2
------- CA, and 5 mm+ +

rr

200
--------- T

45
------ CA, +

rr

230
--------- U

45
------ CA, 3 16⁄  in.+

pD2

8Fa θtan
-----------------------
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5.11.2 Unanchored Tanks

Unanchored tanks shall satisfy both of the following uplift criteria:

1. 0.6Mw + MPi < MDL /1.5

2. Mw + 0.4MPi < (MDL + MF)/2

where

MPi = moment about the shell-to-bottom joint from design internal pressure,

Mw = overturning moment about the shell-to-bottom joint from horizontal plus vertical wind pressure,

MDL = moment about the shell-to-bottom joint from the weight of the shell and roof supported by the shell,

MF =  moment about the shell-to-bottom joint from liquid weight. The liquid weight (wL) is the weight of a band of liquid 
at the shell using a specific gravity of 0.7 and a height of one-half the design liquid height H.   wL shall be the lesser 
of 0.90HD or the following:

In SI units:

 (N/m)

In US Customary units

 (lbf/ft)

where

Fby = minimum specified yield stress of the bottom plate under the shell MPa (lbf/in.2),

H = design liquid height, m (ft),

D = tank diameter, m (ft),

tb = required thickness (not including corrosion allowance) of the bottom plate under the shell mm (in.) that is used to 
resist wind overturning. The bottom plate shall have the following restrictions:

1. The thickness, tb, used to calculate wL shall not exceed the first shell course thickness less any shell corrosion
allowance.

2. When the bottom plate under the shell is thicker due to wind overturning than the remainder of the tank bottom,
the minimum projection of the supplied thicker annular ring inside the tank wall, L, shall be the greater of
450 mm (18 in.) or Lb, however, need not be more than 0.035D.

In SI units:

 (m)

In US Customary units

 (ft) 

5.11.3 Anchored Tanks

When the requirements of 5.11.2 cannot be satisfied, anchor the tank per the requirements of 5.12.

wL 59tb FbyH=

wL 4.67tb FbyH=

Lb 0.0291tb Fby H⁄ 0.035D≤=

Lb 0.365tb Fby H⁄ 0.035D≤=
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