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WELDED STEEL TamMKs FOR OJIL STORAGE

Table 4-3b—Material Groups, US Customary Units (See Figure 4-1 and Note 1 Below)

Group I Group I Group III Group IITA
As Rolled, As Rolled, As Rolled, Killed Normalized, Killed
Semi-killed Killed or Semi-killed Fine-Grain Practice Fine-Grain Practice

Material Notes Material Notes Material Notes Material Notes
A283C 2 Al3lB 7 A573-58 A131CS
A28 C 2 A6 2,6 A 516-55 A 573-58 10
Al3lA 2 G40.21-38W A 516-60 A 516-55 10
A6 2.3 Grade 250 5.8 G40.21-38W 0 A 516-60 10
Grade 235 3.5 Grade 250 5,9 G40.21-38W 010
Grade 230 6 Grade 250 5,910

Group VI
Normalized or
Group IV Group IVA Group V Quenched and Tempered,
As Rolled, Killed As Rolled, Killed Normalized, Killed Killed Fine-Grain Practice
Fine-Grain Practice Fine-Grain Practice Fine-Grain Practice Reduced Carbon

Material Notes Material Notes Material Notes Material Notes
A 57365 Ad62C A573-70 10 A 131 EH36
A573-70 AS5T3-T0 11 A516-65 10 A633C
A516-65 G40.21-44W 0,11 A516-70 10 AG633D
A 516-70 G40.21-50W 0,11 G40.21-44W 0,10 A 537 Class 1
AG662B G40.21-50W 010 A 537 Class 2 13
G4021-44W 9 AGISA
G40.21-50W 9 AG6I8B 13
E 275 4.0 AT37B
E 355 9 A8 Grade A Class1 12,13, 14

A8 Grade B, Class 2 12,13, 14

Grade 273 3.9
Notes:

1. Most of the listed material specification numbers see ASTM specifications (including Grade or Class); there are, however, some exceptions:

Do e

1.
8.
9.

G40.21 (including Grade) is a CSA specification; Grades E 275 and E 355 {including Quality) are contamed in ISO 630; and Grade 235, Grade
250, and Grade 275 are related to national standards (see 4.2.5).

Must be senu-killed or killed.

Thickness =0.75 m.

Maxmum manganese content of 1.5%.

Thickness 0.75 in. maximum when controlled-rolled steel is used in place of normalized steel.

. Manganese content shall be 0.80% — 1.2% by heat analysis for thicknesses greater than 0.75 in., except that for each reduction of 0.01% below

the specified carbon maximum, an increase of 0.06% manganese above the specified maximum will be permitted up to the maximum of 1.35%.
Thicknesses < 0.75 1n. shall have a manganese content of 0.80% — 1.2% by heat analysis.

Thickness = 11n.
Must be killed.
Must be killed and made to fine-grain practice.

10.Must be normalized.

11. Must have chemistry (heat) modified to 2 maximum carbon content of 0.20% and a maximum manganese content of 1.60% (see 4.2.6.4).
12 Produced by the thermo-mechanical control process (TMCP).

13.See 5.7.4.6 for tests on simulated test coupons for material used in stress-relieved assemblies.

14 See 4.2.9 for impact test requirements (each plate-as-rolled tested).
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Alternative
angle-to-shell joint

Optional
—— Outside angle ——

'_‘;'I'
.
A

7 Y

L
| W.

V
ST

3ingle-V butt joint
Single-U butt joint

Al
I
I
|
1

Angle-to-shell Square-groove
| butt joint— butt joint—
complete penetration complete penetration

Double-V butt joint

/_
L\

D 7/ SR

| Single-bevel Double-bevel
butt joint— butt joint—
Square-groove butt joint Double-U butt joint complete penetration  complete penetration
Wote: See 5.1 5.2 for specific requirements for vertical shell joints. Mote: See 5.1.5.3 for specific requirements for horizontal shell joints.
Figure 5-1—Typical Vertical Shell Joints Figure 5-2—Typical Horizontal Shell Joints

/— Shell plate

A=Bifor
up to 25 mm
(1 in.} annular

plate 45" minimum

B __ I~ 4. 13 mm (V2 in.) maximum
- 6 mm (Vs in.) minimum
Annular bottom plate A+ B minimum

MNotes:
1. A = Fillet weld size limited to 13 mm (/5 in.) maximum.
2. A + B = Thinner of shell or annular bottom plate thickness.
3. Groove weld B may exceed fillet size A only when annular plate is thicker than 25 mm (1 in.).

Figure 5-3C—Detail of Double Fillet-Groove Weld for Annular Bottom Flates with a Nominal
Thickness Greater Than 13 mm (/7 in.) (See 5.1.5.7, ltem b)



ROOF-PLATE JOINT

S S —

[ e
Optional Inside
ouiside angle

ROOF-TO-SHELL JOINTS

N a— U §

WO 175t =R=3t t

-71214-_} !
—— T

— (] —-—
4= Inside of shell

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

T.— i
Bottomn or annular Inside
bottom plate }

BOTTOM-TO-SHELL JOINT

~ Optional
Wogroowe
———— % % T

™_Tack weld

Single-welded butt joint
with backing strip

Single-welded
full-fillet lap joint

BOTTOM-PLATE JOINTS
MNotes:

1. See 5.1.54 — 5.1.5.9 for specific requirements for roof and bot-
tom joints.

2. The altemative roof-to-shell joint is subject to the limitations of
5.1.5.9, ltem f.

Figure 5-3A—Typical Roof and Bottom Joints

Bottom plate —f'\ —_—

Figure 5-3B—Method for Preparing Lap-Welded
Bottom Plates under Tank Shell (See 5.1.5.4)
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Top of shell height
Overfill slot
Design liquid level
Overfill protection level requirement:
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————————————————————————————————————————————————————————————————— Normal fill level
Maximum capacity Net working capacity
m? (bbly m? (bbl)
------------------ T“ ittt ittty Minimum fill level
Minimum operating volume remaining in the tank:
m?2 (bbl} or mm (in.}
l Top of bottom plate at shell

Figure 5-4—Storage Tank Volumes and Levels
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F—l e —
Shell horizontal bur.-weldﬁ
f
B B
B B -
. A
A E E
- ; n
Shell vertical
- D] CI c c[ burt-weid
Eottiom plates or annular plates [
Note:
E-MHMN = Reinforced Opening (manhole or nozzle with diamond shape reinforcing plate, see Figures 5-7A and 5-8).
LTR-N = Low-Type Remforced Opening (manhole or nozzle with tombstone shape reinforcing plate, see Figure 5-8, Detail a and b).
B-N = Reinforced Opening (manhole or nozzle with circular reinforcing plate or thickened insert plate, see Figure 5-8).
S-N = Nen-Reinforced Opening (manhole or nozzle inserted into the shell per the alternate neck detail of Figure 5-7B).
Wariables Reference Minimum Dimension Between Weld Toes or Weld Centerline (1)(3)
Shell ¢ Condition |Paragraph A B(2) Cc2 D4 E(2) F (5) G(3)
Number
r= 125 mm Asg 5732 | 150mm (Gin) | 75mum (31in) T5mm (31n)
= lyin) welded or 2Y/ar or 214z
or 5733 75 mm (3 in)
PWHT or 225
5.7.33 75mm (3 in.)
for S-N
5.7.33 Table 5-6
.+ 5734 Sror 57
» 5734
8t
As 5731a 8 or & or
Welded 250 mm (10 1n.) (250 mum (10 in.)
5731b 81 or
150 mm (6 in.)
5733 S8Wor
250 mm (10 in.)
5.7.33 75mm (3 in.)
for 5-N _
5733 Table 5-6 8ror /a7
» 5734 8¢
» 5734
PWHT 5732 | 150mm (G mn) | 75mm (3 in) T5mm (3 in)
or 2V or 21/41
5733 75mm (3 in.)
or 241
5.7.33 75mm (3 in.)
for S-N
5.7.33 Table 5-6
v« 5734 8rorlhy
: » 5734 8¢
Notes:
L. If two requirements are given, the minimum spacing is the greater value, except for dimension “F.” See Note 5.

2. t=shell thickness. 877 = 8 times the largest weld size for reinforcing plate or insert plate penpher\ weld (fillet or butt-weld) from the toe
of the periphery weld to the centerline of rhe shell butt-weld.

3. For tanks designed to Appendix A, see A.5.2. Spacing = 21/5 1 toe-to-toe of adjacent welds.

4. D= spacing distance established b\. minimum €elevation for low-type reinforced openings from Table 5-6, column 9.

5. Purchaser option to allow shell openings to be located in horizontal or vertical shell butt-welds. See FIE‘ILI.’E 5-0.
t = shell thickness, 7 = radius of opening. Minimum spacing for dimension F is the lesser of 87 or !

Figure 5-6—Minimum Weld Requirements for Openings in Shells According to 5.7.3

AR
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shell thickness or '/z the radius of the

Minimum spacing shall be 8 times the See 573
opaning, whichever is less —-} 17

= |

G of butt-welded

o oshelljoint S|

]

.50
|

Y St

Extent of radiography
B ol y
N
| / 5;’

1.5
=)
i
=1
=
@
o

Detail a Detail b

PENETRATION WITHOUT REINFORCING PLATE

- Minimum spacing shall be 8 times the
shell thickness shell thickness or '/z the radius of the

Minimum spacing shall be & times the
l opening, whichever is less

I

- See5.7.3
e ¢ of butt-welded l
shell joint \..._..
— | |4 b
& of butt-welded
shell joint
3 —f—= Toe of weld == ¥
= 8 ///’/f—. ! | 3| .
g Z5 Z Z | ®
B [ IR I [ . I _ L.y 3
= T T T T ol T i
5 \ : i\ ] 5
5§ . 5
&g @ ! al =
= e o o Toe of weld 2 -
I|I ___1'|I -
/ \
|II
LS \ I 3
Reinforcing plate ' Reinforcing plate —'

Detail ¢ Detail d Detail e

PENETRATION WITH REINFORCING PLATE

Mote: Dy = diameter of opening.

Figure 5-9—Minimum Spacing of Welds and Extent of Related Radiographic Examination
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Minimum Stress-Felieving Temperature (howi{;g?g ;1;1&[1 in]
Q) (°F) of thickness) See Note
600 1100 1 1
570 1050 2 1
340 1000 4 1
510 930 10 1.2
480 (min. ) 900 (mun.) 20 1,2

Notes:

1. For intermediate temperatures, the fme of heating shall be determined by straight line interpolation.
2. Stress relieving at these tempesatures 15 not pernutted for A 537 Class 2 material.
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Motes:

1. The cross-sectional area of a, ¢, d. and e must egual 32f,2. The section of the figure designated “a” may be a bar
or an angle whose wide leg is horizontal. The other sections may be bars or angles whose wide legs are vertical.

2. Barsc, d, and e may be placed on the top of the girder web, provided they do not create a tripping hazard.

3. The section modulus of Sections A-A, B-B, C-C, and D-D shall conform o 5.9.6.1.

4. The stairway may be continuous through the wind girder or may be offset to provide a landing.

5. See 5.9.6.3 for toehoard requirements.

Figure 5-25—Stairway Opening through Stiffening Ring
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Maote: The section moduli given in Table 8-20 for Details ¢ and d are based on the longer
leg being located horizontally (perpendicular to the shell) when angles with unaven legs
are used.

Figure 5-24—Typical Stiffening-Ring Sections for Tank Shells (See Table 5-20)
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Table 7-1—Minimum Preheat Temperatures

Material Group Thickness (1) of Minimum Preheat
per Table 2-3 Thicker Plate mm (in.) Temperature
Groups L IL, IIT F=32(r=1.25) 0°C (32°T)
& IMA B, P . oz
I =r=38(125=r21.50) 10°C (30°F)
i=38(r=1.50) 03°C (200°F)
Groups IV, IVA, F=32(r=1.25) 10°C (30°F)
V&VI - 5= 5 °C (100°
I =r=38(125=r21.50) 40°C (100°F)
i=38(r=1.50) 93°C (200°E)
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22 mm (75 in) and thicker — Top third of tank 230 mm (9 m.)'hr
—Middle third of tank 300(12 m)yhr
— Bottom third of tank 460 (18 1. )hr
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Top of shell —-)' (Mumbers in squares refer to notes below)
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Tank bottom —
PLATE THICKNESS > 25 mm (1)

Motes:

1.

2.
3

o o

Wertical spot radiograph in accordance with 2.1.2.2, Item a: one in the first 3 m (10 ft) and ong in each 30 m (100 ft)
thereafier, 25% of which shall be at intersections.

Horizontal spot radiograph in accordance with 8.1.2.3: one in the first 3 m (10 ft) and one in 2ach 60 m (200 fi) thereafter.
Wertical spot radiograph in each veriical seam in the lowest course (see 8.1.2.2, Item b). Spot radiographs that satisfy the
requirements of Note 1 for the lowest course may be used to satisfy this requirement.

Spot radiographs of all intersections over 10 mm {3z in.) (see 8.1.2.2, Item b).

Spot radiograph of bottom of each vertical seam in lowest shell course over 10 mm (3/zin.) (see 8.1.2.2, ltem b).
Complete radiograph of each vertical seam over 25 mm (1 in.). The complete radiograph may include the spot radiographs
of the intersections if the film has a minimum width of 100 mm (4 in.) (ses 8.1.2.2, ltem c).

Figure 8-1—Radiographic Requirements for Tank Shells
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@ Section 10 — Marking
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APISTANDARD 650

APPENDIX YEAR COMPLETED [ ]

EDITION ADDENDUM NO. [ ]

NOMINAL DIAMETER NOMINAL HEIGHT

MAXIMUM CAPACITY [ ] DESIGNLIQUID LEVEL [ ]

DESIGN SPECIFIC GRAVITY [ | DEsiGN METALTEMR. 1

DESIGN PRESSURE [ 1 maxmumDESIGNTEMR. 1

MANUFACTURER'SSERIALNG. | | PARTIAL STRESS RELIEF [ ]
PURCHASER'S TANK NO. [ ]

FABRICATED BY [

ERECTED BY [

SHELL COURSE MATERIAL

® Note: Atthe Purchaser's request or at the erection Manufacturer's discretion, additional pertinent information may
be shown on the nameplate, and the size of the nameplate may be increased proporicnately.
Figure 10-1—Manufacturer’s Nameplate

ol @ sed 3,1kl 10.3 s 3 il o APTO50 L 05 ol GlLail _al,S o byl 4 s go oi3lor (primos

Sl sl o34 51 Certificate

L;LA ‘;.»))L) aﬁWMﬁ) J)\_,ﬂ Qj;ﬂ.n)jTJLi gv,.;iuﬂ 69 u-i‘ (’f-"b‘ g@,\MS C,SJJ C»:Z-ﬁjﬁ ng))TL: w

el 8 S sleS a5 e Lol en 5L 3yse sla ol s o3a el i) s Vpens S
4"cﬂb)jb4"63}5&)‘}&}LS'Q‘}‘;:)jﬂL}SJ‘M)J‘J.“L‘Q;LSLA;‘JJ‘J;W}&BQW
Ay 5Ss QCTM; Quality Control and Testing Material Plan a8 L 5 ITP; Inspection and Test Plan o1
oyl gad it 0555 ;S 55 oS B st il A 5 Lol GGy sleS 3 3l Ysene 5 el
313 sl el a4 5l 5 S de Sode bl a8 (655050 Auled i By (ol ] ol 5 ot sl Golkae L
53 3 LS sl 4 b 5 L e osd e 4 Sy B g &S sl DL s L
0 03,51 g 3 s (nl pmm Sl lS s a4 SIS ) wged 353 Sl TPA & 5L o) 50

£y



s i) ks (BS sl 4 5l &S L S BB e 5 sl Slsls padse OAE Sl S
<(.>)‘Jut.w\ v.@; U,:au) C,.u" LSJY}& °J’.I;"> Q)l}r.ﬁ )lS U"L"“\ aS LS)K":}" J“"’dbj:*") C)LA\JH LS.))TJli C,\.P-
44. L}-’j‘ le.w.a e})&.{« ‘u 4.]0}4}» (_;LAPQR QL:LL.: Ao L: e\Ja.A o.)...i 6\2....:)&.: L;LAWPS )\ L}'-"LA M}A.}

J.LJA\)}GJA:JAJK|J>Q)M4;)KJ)>CA:>WM

¢y



SPOT RADIOGRAPHY PLAN
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NOTE
The above calculated spot radiographs were based on assumption that
wao(2) welders will be assigned in the production welding of the tank
shell.
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NOTE
The above calculated spot radiographs wers based on assumption that four(4) welders will b= assigned n
the production welding of the tank shell
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SPOT RADIOGRAPHY PLAN
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Note:
The above calculated radiographs were based on the assumption that twelve(12) welders will be assigned for
production welding of the tank shell
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