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'WELDED STEEL TAMKS FOR OIL STORAGE

4-9

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 A5T73-58 A131CS
A2BSC 2 A36 2.6 A516-55 A 573-58 10
Al31A 2 G40.21-38W A 516-60 A 516-35 10
A6 2.3 Grade 250 5,8 G40.21-38W 0 A 516-60 10
Grade 235 3.5 Grade 250 5.9 G4021-38W 0.10
Grade 250 [\ Grade 250 59,10
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 A662C A5T73-70 10 A131EH36
A573-70 A 57370 11 A516-65 10 AGi3C
A516-65 G40.21-44W 0,11 A516-70 10 A633D
A 516-T0 G40.21-50W 011 G40.21-44W 0,10 A 537 Class 1
A662B G40.21-50W 010 A 537 Class 2 13
G4021-44W 0 AGT8A
G40.21-50W 9 A678B 13
E275 4.0 ATITB
E 355 9 A841 Grade A Class1 12,13, 14
A841 Grade B, Class 2 12,13, 14
Grade 275 3,0
Notes:

1. Most of the listed material specification numbers see ASTM specifications (including Grade or Class); there are, however, some exceptions:
G40.21 (including Grade) 15 a CSA specification; Grades E 275 and E 355 (including Quality) are contamed m IS0 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 in.

= R S PO

Maximum manganese content of 1.5%.
. Thickness 0.75 in. maximum when controlled-rolled steel is used in place of normalized steel.
Manganese content shall be 0.80% — 1.2% by heat analysis for thicknesses greater than 0.75 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.

7. Thickness £ 1 in.
8. Must be killed.

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

10. Must be normalized.

11. Must have chemistry (heat) medified to 2 maximum carbon content of 0.20% and a maximum manganese confent 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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@ Introduction to Section 5 — Design
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— = Optional
TL W L / L —— oOutside angle -;
—— | ¢y | - S
Single-V butt joint 1 |
Single-U butt joint i ‘
i
Alternative
angle-to-shell jaint
Angle-to-shell Square-groove
| buit joint— butt joint—
complete penetration complete penetration
Double-V butt joint
[ [ |
% % \& | | Single-bevel Double-bevel
butt joint— butt joint—
Sguare-groove butt joint Dauble-U butt joint complete penetration  complete penefration

Note: See 5.1 5.2 for specific requirements for vertical shell joints.

Figure 5-1—Typical Vertical Shell Joints

Mote: See 5.1.5.3 for specific requirements for horizontal shell joints.

Figure 5-2—Typical Honizontal Shell Joints

/— Shell plate

A=Bfor
up to 25 mm

45" minimum

B> — — 13 mm (Y2 in.) maximum
s Emm |
Annular bottom plate

s in.) minimum
A+ B minimum
Notes:
1.
2.

3.

A = Fillet weld size limited to 13 mm (V5 in.) maximum.
A + B = Thinner of shell or annular bottom plate thickness.
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 (1/3in.) (See 5.1.5.7, ltem b)
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ROOF-PLATE JOINT

-
—=— Inside
ouiside angle

ROOF-TO-SHELL JOINTS

™ 75t =R=3t
o
—~— Inside of shell

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

—— )
Bottomn or annular Inside
bottom plate _;

S

BOTTOM-TO-SHELL JOINT

Cplional
W groove
I = [N P Ed
\_Tack weld

Single-welded butt joint

Single-welded
with backing strip

full-fillet lap joint
BOTTOM-PLATE JOINTS

Motes:
1. See 5.1.54 — 5.1.5.9 for specific requirements for roof and bot-

tam joints.
2 The altemnative roof-to-shell joint is subject to the limitations of

5.1.5.9, ltem f.

Figure 5-3A—Typical Roof and Bottom Joints

'(—— Shell plate

Bottom plate A

Figure 5-3B—Method for Preparing Lap-Welded
Bottom Plates under Tank Shell (See 5.1.5.4)
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S By s a0 Oy 534S ol Jsame pme ol "Max. Capacity” s b s> —Para. 5262 <
A o Sl 5l L5 o b oS ol ol 55 IS 5108k e, Design Liquid Level &5lul a0 055

s o o e 3l O AL 2l b
Lol s cod e jres BB b pz bl il "Net Working Capacity” 2l o,8 <3 b —Para. 5.2.6.3 <

)‘45&)‘.\.&& LSLM)"’\"L“;“OJ?““-QSJJ b)‘_}@‘\sgﬁ)‘v\.i& LSL.@.‘.&MaX. CapaCItybﬁ,.wlj\jASJL»j 6)1.5

"Over Fill Protection Level" ous 5, o 3 clablows Ll 2>

Top of shell height

Overfill slot

Design liguid level

Overfill protection level requirement:
m= {bbl) or mm (in.)

_________________________________________________________________ < Normal fill level

Maximum capacity Net working capacity

m? (bbly m? (bbl)

----------------------------------------------------------------- = 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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g Blod O ol 6 Slslome 55 5 )
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cYlail o 5o Lgd g o alol Para. 573 <
Ll ot 835734 55731 an s a5 S VI b pee 5 WL sledom ow Joolss SllI56 IS8 v
(s aopad 3 Se) (6,505 alie sl L WLSLY s Ledir o dholi o5 cotls 5 s il das e 0L

2,8 S5 am g sy WL b Sl 3 oS WL ol i ol sl sl (S

Shell horizontal buti-weld
— e

Shell vertical

butt-weld
CI c c[ ',
Botiom 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 Remnforced Opening (manhole or nozzle with tombstone shape reinforcing plate, see Figure 5-8, Detail a and b).
BE-N = FReinforced Opemng (manhole or nozzle with circular reinforcing plate or thickened insert plate, see Figure 5-8).
S-N = Non-Reinforced Opening {manhele or nozzle inserted into the shell per the alternate neck detail of Figure 5-7B).
Variables Reference Mininmm Dimension Between Weld Toes or Weld Centerline (11(3)
Shell ¢ Condition |Paragraph A2 B(2) C(2) Di{hH E(2) F (5 G5
Number
rZ 125 mm Asg 5732 | 150mm (6in) [ 75mm (31in) 75 mm (3 1n)
f=l4in) welded or 2Lar or 2Yar
or 5733 75 mm (3 in )
PWHT or 2/5r
5733 75 mm (3 in))
for S-N
5733 Table 5-6 )
= 5734 Sroriyr
= 5734
8t
=125 mm As 5731a 8Wor 8 or
(t=Vlhin) Welded 250 mm (10 i) (250 mm (10 in.)
57310b 81 or
150 mm (6 in.)
5733 8Wer
250 mm (10 in.)
5733 75 mm (3 in))
for S-N )
5733 Table 5-6 Srorthhr
» 5734 8t
= 5734
r=125mm | PWHT 5732 | 150mm{6in) | 75mm (3 in) 75 mm (3 in)
(1= 1/ in) or 2L/5¢ or 21/t
: 5733 75 mm (3 in)
or 2451
5733 75 mm (3 in))
for S-N
5733 Table 5-6
*» 3734 Srorifar
: = 5734 8t
Notes:
1. 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 periphery weld (fillet or butt-weld) from the toe
of the periphery weld to the centerline of the shell butt-weld.
3. For tanks designed to Appendix A see A 52 Spacing = 21/5 f toe-to-toe of adjacent welds.
4. D = spacing distance established by mininmuun elevation for low-type reinforced openings from Table 5-6. column .
s 5. Purchaser option to allow shell openings to be located in horizontal or vertical shell butt-welds. See Figure 5-9.
t =shell thickness, 7 = radius of opening. Mininmm spacing for dimension F is the lesser of 87or /5 7

Figure 5-6—Minimum Weld Requirements for Openings in Shells According to 5.7.3
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Minimum spacing shall be 8 times the See 573
shell thickness or "/z the radius of the
opaning, whichever is less —-}

|

G of butt-welded

7 oshelljoint

I G .
Y

Extent of radiography
|
IS

a
o =
uy
) \

1 Toe of weld
I
Detail a Detail b
PENETRATION WITHOUT REINFORCING PLATE
Minimum spacing shall be & times the
shell !hicl-mgss g Minimum spacing shall be 8 times the
shell thickness or 'z the radius of the
opening, whichever is less
~ See 573
T ¢ of butt-welded — l
shell joint \-—-'-
— | |4 |
& of butt-welded
shell joint
= Toe of weld == a

= W ! oy =

2 Q‘% g

8 | - A B

5 / 5

= =

@ @

0 =3 f o=

s | Toe of weld o w
- = o
Reinforcing plate \-— Reinforcing plate —-'II
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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Holding Tume

Minimum Stress-Relieving Temperature (houss per 25 mm [1 in ]

Q) (°F) of thickness) See Note
600 1100 1 1
570 1050 2 1
340 1000 4 1
310 230 10 1,2
480 (min ) 900 (min ) 20 1.2

Notes:
1. For intermediate temperatures, the time of heating shall be determined by straight line interpolation.
2. Stress relieving at these temperatures 1s not pernutted for A 537 Class 2 material.
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5555 and Ll odd o 55 &S sl 5 OT BT 5 0dd Gk (6,08 51 oy b B B 50 Dlikazs
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1S il bl ol 0592 5591 I SLL Ll <

Ope S 4 85 Sl Wl 51 oS 5 L sl osbe by ahaie o b Gy 3l (Su, K Stiffener/Stiffening Ring
Sy Bl 5 555 Clablone 5l (5,8 blie 53 Ope 63,5 U 353 o S O O a5 5 500 L33 ey
i 5l Buckling

L 353 o ol o Stiffening Ring slins ol s & 51 8 VL 5168 3L o (5550 Connd () Sllons
sl o Intermediate Stiffener 11> o 5 Top Stiffener s> s ads O3be & Sl o

Stiffening Ring b , plnil o sdle oS 358 o ol on Wind Girder -Mas! 5l i O3ls > Top Stiffener
Llis 5 by aKosb 355 cole; 555.94 oo Sl &S b 2w pd e eslizad O 51 50 Walkway &G slye w0
(430 Top Angle o355 ot Sio) Al colin 53 0 osh Cmyo 5 350 43,5 oo 5l 31 335 sl ol ol
s 5 2l el 5308 e St gl ) Sl 2 50 Ken 48 238 o S5 Slislows 53 2651 5 slasl S g,
s € a5 w5 Wind Girder g,y Jowe 25 ledSa L3 bl Ko ol aulb gle s polao |51 L O35

sl 0 o5l LS Stiffener

Notes:
1. The cross-sectional area of a, ¢, d, and e must equal 32t,2. The saction of the figure designated “a” may be a bar
or an angle whose wide leg is horizontzl. The other sections may be hars or angles whose wide legs are vertical.
Bars ¢, d, and & may be placed on the top of the girder web, provided they do not create a tripping hazard.
The section modulus of Sections A-4, B-B, C-C, and D-D shall conform o 5.96.1.
The stairway may be continuous through the wind girder or may be offset to provide a landing.
See 5.9.6.3 for toeboard requirements.

0k p

Figure 5-25—Stairway Opening through Stiffening Ring
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Mote: The section moduli given in Table 5-20 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)

@ Introduction to Section 6 — Fabrication
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@ Introduction to Section 7 — Erection

C,\.w\ ol a)))T J.L.}‘)J M}’\;— Q)}«&éﬁ,ﬁu‘ ol Ql.:.v QJ?:AML;G}A.Q CJLA\JH71 .L'\J.).b

sdgs a slsl 3 s Eada gl = &ij.a Sl (g b bdgs p Ol Ctle 5 4 —Para. 7.1.1&2 <
M;JAJ.LS&MCjﬁ)‘y‘)uw\x‘jﬁc@ubﬁ)lﬁ wuljlﬁ ngevb)LwMLeM)‘Jg\jaJu)u
A_Jj?&a})\.)u,.éj.!.))‘}ﬁ s Cw‘ Ld‘)ﬁ)lsdub J)\Jﬁ‘ﬁjt QJ?:A ol fl.oj)lS&;».:ﬂ.;S)J k;wdlk)_{a.dﬁw
S J g3 13T ool g i3l U1 Ko 353 0ol (5 2t Lo 5 L O gl 53
ot eSS 01 i 5 (eSS 4 cibge sl ls g sdisle 4 [y O gl g L 318 aSST 1 s
AL Sl GWLAT Gl asl 3 )l s S il ot slge b 0Ad @bl b es T 51 AL s il
sl 3l OF 3 cotle slendled W oS il 05l 5l s 655 8 el 4 (i go 0 ljle 555 Clablons
sl

Sl ol ol s S blS gl (K cbli- b)) s bl b e b &, —Para. 714 <

Al el jasiie (o8 Slasia Lile) (golsl 3 S olue s WL O
ol é)&&};- (g_,\...m 6[.&)[5 C,\.@;-) qu: kl;@gjﬁmasdﬁy &:)LE.L&:A‘&SJJ)‘)L;‘QLQJ716}715 Lo <
é)}ckwbjﬂ.‘uj Q);Bulld—upl.va.k& Ja;-)cbj.b}& M‘Jﬁ J.»ls Q)yuabl.a.lwl)‘w.lib £l
e ol —Para 72 <
oUs  —Para. 7.2.1

‘SMAW : )‘ J.J)L.G QT M‘_g L;Lh a)L.u E) Qfm é)&&};— ‘5‘J.o .xﬁ‘lj 3,40 ‘5)&..3);- él.@..::j) —Para. 7.2.1.1 <
Electro Oxyfuel slgss, sl sslizul g L o455 Electro Slag SAW FCAW Oxyfuel GTAW GMAW
G a3l U e oS 35 Oxyfuel o e oy 5l eslinal .S 11, L 3,18 58155 Blectro Gas b 5 Slag

Aol o leee ASL atils 4,5

Gl B o i OF 53 a8 il APL 650 sl wg i bl b O K IS
93 592 a2 el okt o3l gl | ASME IX , WQT s WPS&PQR

o el e b O Sk L s e e el 13 S VLl sk 35 Para7212 <
slasl &S 5 L ol sl (655 0L b 5o 0L 5 S B L AL e Sl ol s )\ sr ¢
gl sb 4 B e co I 5 e oSOT e il e e (K5 gt s o RS
p3¥ Al ets 5 kel 7.1 J}»,;\);&soiclwdmsgidw\&uﬁﬁw.xﬁwuﬁ@
05 e 25 K Sl Sl 348 (gl a>U 51 3inch s 50> b L 5L 038 0 8 S 4S50 53 e

J)ﬁ%b)é)mf-&fg\w}ﬁcfsfLS}-\P-M‘)J)‘.LE.AJ}QJ‘)M}JJJJGM

TANK INSPECTION TRAINING COURSE ACCORDING TO APl 650:2007 OCTOBER 20Q9 REV.A é 5
PREPD BY: HBAYATSZ@GMAIL.COM TANKS RC ADVISOR PAGE 12 OF €7 ' l
hande

es—iran.com


http://www.mohandes-iran.com

ol 10 sl ol S5 slie ol 51 VL b Slasiis s Preheat gl ol S oS ol 5l Syobls e

Jﬁw‘xo“Jﬁ‘UWPsMe)\wdtéw‘)\d)&.;)}&)b@dﬁww‘

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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@ Introduction to Section 8 — Methods of Inspecting Joints
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MNotes:

1. Werical spot radiograph in accordance with 8.1.2.2, ltem a: one in the first 3 m (10 ft) and one in each 30 m (100 fi)
thereafter, 25% of which shall be at intersections.

2. Horizontal spot radicgraph in accordance with 8.1.2.3: one in the first 3 m (10 ft) and cne in each 50 m (200 fi) thereafter.

3. Wertical spot radiograph in each vertical seam in the lowest course (see 3.1.2.2, Item b). Spot radiographs that safisfy the
requirements of Note 1 for the lowest course may be used to satisfy this requirement.

4_ 3Spot radiographs of all intersections over 10 mm {3z in.) {see 8.1.2.2, Item h).

Spot radiograph of bottom of each vertical seam in lowest shell course over 10 mm (%/z in.) (see 8.1.2.2, ltem h).

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) (see 8122 kem c).

@ o

Figure 8-1—Radiographic Requirements for Tank Shells
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@ Introduction to Section 10 — Marking
Lb o e bl g 0T 53 a8 el o " Name Plate " asbinlis a4 ib o 055l e
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API STANDARD 650
APPENDIX YEARCOMPLETED [ ]
EDITION ADDENDUM NO. [ ]
NOMINAL DIAMETER NOMINAL HEIGHT [ ]
MAXIMUM CAPACITY [ 1 besieNLQUID LEVEL [ ]
DESIGN SPECIFIC GRAVITY [ 1 DESIGN METALTEMR. 1
DESIGN PRESSURE [ 1 maxmumDesieNTEMR 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 proportionately.
Figure 10-1—Manufacturer's Nameplate
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