bsi
Slo ..making excellence a habit”

Please be aware that this PDF has been
created from the original hardcopy
document, which might not be in good
condition and so the PDF might reflect
this.

BSI Group T: +44 20 845 086 9001 British Standards Limited
389 Chiswick High Road F: +44 20 8996 7400 Registered in England no: 07864997 o \A‘plﬂe&%spts
London, W4 4AL cservices@bsigroup.com Registered address: 389 Chiswick High Road v

o . o LN ?N"PE‘(BP’]‘EE'”Q Hub
United Kingdom bsigroup.com London, W4 4AL, United Kingdom

Full document details: BS 2654-1:1956


mailto:cservices@bsigroup.com
http://www.avadocuments.com/doc/bs-2654-1-1956
http://www.avadocuments.com/doc/bs-2654-1-1956

T
3

L

\'_.__»n

T
-
EREs sy

e

i

'

oy
Ly

P

g

¥
T
14
)
= o
i -
H 2]
HH5
i ;
TH
Ak p *
13- r =+
| FERa niNag
£t -
a LN gl k. Ay el -
5 b
WY 15s { 7 £
1 i o
1 I =k
k-
¥ W b ko
a8 e 1
4=
- - X
o fe t : yop ey gy anm~
I g oy
ey
= -+
K et
: f
4 e
f ity | o 3
i A
nl.— = 5
ErEE I o
& k
= E 1
P !
q ]
ot &
g = - - |~
L | =
). E !
- - i
iy ) Ly 3
i- AT |-
m- } e )
.3
. lﬂ
SEq
40 iy

Eybr [-t
§ -} 1
e ETE i
LX) s S F
= 5=, gy = v e oy i &
4 L - - !
£ 1 ¥ 4 -l I
) teiak ] oy A +1 L
ek - ot
FREGS oAl =] i i
A EE
7 SESERk : ;
= = oy B o B ¥
i 3 A sE =, =
£ p ! ey
- Jrtrit 4 Ho ] :
: = : i 1
= [
3
3 B
R

1956

Full document details: BS 2654-1


http://www.avadocuments.com/doc/bs-2654-1-1956
http://www.avadocuments.com/doc/bs-2654-1-1956

D!‘ﬁtawcﬁu{ . ’

Amendment No. 1, published 23 April 1957

P.D. 2773

to B.S. 2654 : Part 1:1956

Vertical mild steel welded storage tanks with
butt-welded shells for the petroleum industry

Part 1: Design and fabrication

Amendment

Page 2. Line 19 and Clause 6. Lines 19, 22, 24 and footuote. Insert
¢ B.S. 2762 . Delete the words * in course of preparation .

Clause 29 b (D). Amend to read * roofs over 48 ft up t0 and including
80 ft diameter ; one ring .

Clause 31. Last tine. * C * should read * B ™.

Clause 37. 2nd paragrapi. Amend to read as follows —

¢ The manhole covers shall be of hinged type OF multiple bolt
fixed type. as required by the purchaser.’

s ey

Pages 16, 17, 18, 19, 4 and 25. Amend the footnotes printed in red
at the foot of each table to read as follows :—

I. Denotes courses of plates 5 ft 0 in. wide X 5% ft (15-7 ft} long
for tanks 40 ft and less in diameter.

[, Denotes ¢ourses of plates 6 ft 0 in. wide x 8= ft (2513 fu) long
for tanks 48 ft and over in diameter.
Pages 20, 21, 22, 23, 26 and 27. Amend footnote printed in red at the
foot of each tabie 10 read as follows *—

{. Denotes courses of plates 3 £t 0 in. wide x 5w ft (15-7 ft) long
for tanks 40 ft and less in diameter.

iLl. Denotes cOUrses of plates 6 ft 0 in. wide X §m ft (25-13 fv)
long for tanks 48 ft to 200 ft diameter below Zig-Zag line.

[IL Denotes courses of plates 7t 3 in. wide x 8r ft (2513 fu) long
for tanks 48 ft to 200 ft diameter below zig-zag line.

Page 24. Appendix A. First Column, 6th Ttem, g spould read ‘6.
The figure under 176 ft diameter for seven courses should read
* 181986 ",
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Page 26. Appendix C. The figure under 136 ft diameter for one course
shouid be “ 15524 °.

The figure under 136 ft diameter for four courses should read—
‘65330,

Page 37. Fig. 5. Detail A. * 14 in. maximum ’ should read ‘% in.
maximum .

Page 40. Fig. 8. In the table at the bottom right-hand corner of the
page delete the words ‘ Schedule 80’ in the heading of Column H.

Page 40. Fig, 8. Amend the table headed * Sizes of Fillet Welds * to
read as follows : —
‘SIZES OF FILLET WELDS
{Leg lengths)
K = H (Pipe wall thickness)
N = ¢ (Shell plate thickness} '
L = H or T whichever is the lesser
M = t where fis 34 in. or iess
or = ff2 with a minimum of 3 in.
where t exceeds 34 in’.

Page 50. Fig. 19 A. Table—Col. 1. Title should read * Plate width ".
Page 51. Fig. 19 B.

1. For the 8 ft 10 in. dimension {length of reinforcing plate)
*8ft 10 in. min * should read * 8 ft 10in.".

Z. 12 in. dimension between edge of reinforcing plate and edge of
shell plate should read * 12 in. min ".

3. Note below table should read * For tanks over 60 ft 0 in. high
and up to and including 68 ft O in. high 7c to be increased to
1144 in. and b to 134 in.’.

Page 52. Fig. 19 C. The illustration of davit arm. The thickness of
the flattened end should read © 134, in." instead of * 344 in.".
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PD. 3020

Amendment No, 2, published 28 April 1958
to B.S. 2654 - Part | -

Vertical mild stee] w

elded Storage tanks
with butt-weldegd shells, for the petroleum in

1956

dustry
Part |, Design and fabrication
Revision
Appendix G, Section 1, para, 2, line 4
After the word * bitumep insert the words ‘ or sang and road-tar °,
Fig. 13. Paragraph under drawing, lipe 1.
Amend the heading {0 read © Bitumen.sand or road-tar sand mix *,

i -1:1956
Full document details: BS 2654-1:1
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BRITISH STANDARD SPECIFICATION

VERTICAL MILD STEEL

WELDED STORAGE TANKS
WITH BUTT-WELDED SHELLS
FOR THE PETROLEUM INDUSTRY

PART 1. DESIGN AND FABRICATION

B.S. 2654 : Part 1 : 1956

Price 15/- net

BRITISH STANDARDS INSTITUTION

INCORPORATED BY ROYAL CHARTER
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B.S. 2654 : Part 1 : 1956

Tars BritisH STANDARD, having been approved by the Petroleum Equipment Industry Standards
Committes and endorsed by the Chairman of the Engineering Divisional Council, was published

u.nder the authority of the General Council on 20th February, 1936.

The Institution desires to call attention to the fact that this British Standard does not purport to

include all the necessary provisions of a contract.

In order to keep abreast of progress in the industries concerned, British Standards are subject to
periodical review. Suggestions for improvements will be recorded and in due course brought to

the notice of the committees charged with the revision of the standards to which-they refer.

A complete list of British Standards, numbering over 2500, indexed and cross-indexed for reference,
* together withan abstract of each standard, will be found in the Institution’s Yearbook, price 12s. 6d.

This standard makes reference to the following British Standards:—

B.S. 13. Structural steel for shipbuilding.

BS. 15, Structural steel.

B.S. 639. Covered electrodes for the metal-arc welding of mild steel.

B.S. 1133.  Packaging Code.

B.S. 1501-6. Steels for use in the chemical, petroleurn and allied industries.

B.S. 1560.  Steel pipe flanges and flanged fittings for the petroleum industry.

B.S. 1750.  Boiting for the petroleum industry.
*BS. ----. MNotch ductile stect plates and sections (suitable for welded construction}.
and to the following specifications of the American Petroleumn Institute {obtainable through the
British Standards Institution):—
API Std. 3-L. Line.pipe.
API Std. 12-C. Welded oil storage tanks.

. 5
British Standards are revised, when necessary, by the issue either of amendment slips or of revised
editions. It is important that users of British Standards should ascertain that they are in possession

of the latest amendments or editions.

* In course of preparation.

The following B.S.I. references relate to the work on this standard:
Committes reference PEE/12. Draft for comment CO(PEE) B96H).
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B.S. 2654 : Part [ : 1956

CO-OPERATING ORGANIZATIONS

The Petroleum Equipment Industry Standards Comrmittee, under whose supervision this British
Standard was prepared, consists of representatives from the following Government department
and scientific and industrial organizations;—

*Council of British Manufacturers of Petroleum Equipment

*Engineering Equipment Users’ Association

Institute of Petroleum

Ministry of Fuel and Power

*0il Companies’ Materials Committee.

The industrial organizations marked with an asterisk in the above list, together with the foilowing,
were directly represented on the Committee entrusied with the preparation of this British
Standard:—

Association of British Chemical Manufacturers

British Chemical Plant Manufacturers’ Association

British Electrical and Alljed Manufacturers’ Association

British Iron and Steel Federation

Institute of Welding

Tank and Industrial Plant Association.
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B.S. 2654 : Part 1 : 1956

BRITISH STANDARD SPECIFICATION FOR
VERTICAL MILD STEEL WELDED
STORAGE TANKS, WITH BUTT-WELDED SHELLS,
FOR THE PETROLEUM INDUSTRY

PART 1. DESIGN AND FABRICATION

FOREWORD

This British Standard, prepared under the authority of the Petroieum Equipment Industry Standards Committee, is designed
to provide the petroleum industry with tanks of adequate safety, reasonable economy and in a range of suitable capacities.

Tn the further interests of economy, supply and uniformity of practice it is strongly recommended that the sizes of

plates used for tanks of all capacities shall be limited to three (Clause 4). The standard tank sizes which result from the

adoption of this proposal are given in Tables 1 to 8.

This part of the standard deals with design and fabrication of tanks; Part 2 will deal with site erection, inspectidn

and testing.

SPECIFICATION
SECTION ONE : GENERAL

SCOPE

1. This British Standard relates to the materials, design and
fabrication of vertical mild steel cylindrical welded tarmks
for the petroleum industry, for erection abave ground, of
the following designs:—

a. Non-pressure fixed roof tanks (all sizes).
b. Pressure fixed roof tanks (up to 128 ft diameter only).

c. Open-top tanks (all sizes).

This standard specifies the use only of butt-welded
sheils and includes reference to mountings, stairways and
handrailings.

This standard does not include the design and con-
struction of floating roofs.

NOTE. Attention is drawn to Appendix F which tabulates the
information to be supplied by the purchascr on altersatives per-
mitted by this British Standard.

DESIGN CONTHTIONS

2. a. Non-pressure tanks shall be suitable for working at
atmospheric pressure, but designed for an internal pressure
of 3 in. water gauge and a vacuum as specified for shells in
Clause 14 f and for roofs in Clause 26 (see also Clause 15).

b. Pressure tanks shall be designed for an internal pres-
sure of 8 in. water gauge and 2% in. water gauge vacuum
(see Clauses 15 and 26).

c. Tanks may be designed in accordance with this
specification to withstand higher pressure and/or vacuum
conditions, provided the allowable stresses given in this
standard are not exceeded.

6
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STANDARD TANK SIZES
3. Standard ranges of tank sizes based on the plate sizes
specified in Clause 4 are given in the following tables:-—

Table { Capacity in cubic feat

Type A (Maximum | Table 2 Capacity in cubic metres

plate width 6-00 ft) 3 Table 3 Shell plate thicknesses
Table 4 Heights in fest.
Table 5 Capacity in cubic feet
Type B (Maximum j Table 6 Capacity in cubic metres
_plate width 7-25 ft) Table 7 Shell plate thicknesses

Table 8 Heights in feet.
NOTE. Tables of equivalent capacity in U.S. barrels and impenal
galions are given in Appendicss A, B, C and D.
 In Tables 1 to 8 a maximum diameter of 200 ft and a
maximum height of nine courses are given. These values
inay be exceeded provided the maximum shell plate thick-
ness does not exceed 134 in.

STANDARD PLATE SIZES

4. a. General. The standard plate sizes, which form the
basis of the standard tank sizes and heights in Tables 1 to 8,
are given below:

i i Width
Thickness : Length -
; " TypeA | TypeB
Inches Feet Feet . Feet
Heor B7GExf) | 500 ! 5-Q0
14 up to but : : !
excluding % | 2513@mf) | 600 ! 600
34 and over 12513 (8 w f) 600 I 725

The above plate sizes may be modified by agreement
between the purchaser and the manufacturer.
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B.S. 2654 : Part 1 : 1956

b. Rolling margins. Unless otherwise agreed between calculated weight by more than the appropriate roiling
purchaser and manufacturer, no plate shall be under the weight tolerance as shown in the following table:—

specified thickness at any part, nor shall it exceed the

SCHEDULE OF PERCENTAGE ROLLING WEIGHT TOLERANCES FOR SHELL PLATES

: Widths
Ordered | i ; i I
thickness o | A8in ! 60in. | 72in. ! 84im | 96in. | 108in, | 120 in. 152
Under i to under | to under | to under | to under | to under | to under | to under m.
@i 6o | T2in. | 84in | 9%in. | 1081, | 120in | 137 fn | and over
] —
. Per | Per | Per Per | Per Per Per Per Per
“cent ' cent ! cent cent | ceat | cent cent cent | cent
36 in. to 10 10 10 ¢ 10 | 10 - - = N
under % in. : ‘ i i
f i |
% in. to 5 5 5 7, 9 i 12 12 -
under %s in, i J f
f - i i
r . ;
%s in. to 5 5 5 ' 6 | 750 101 un | 1
under 34 in. - i !
3% in. to 5 5 5 1 6 6 | 8 9 nooIs
under 74 in. : i
] ;
Ve in. to 5 5 5 | s 6 75| 8 9 i 12
under ¥4 in, ll
% in. to 5 5 5 1 5 | s 8 51 9 | 10
under $4 in. : :
i i
% in. to 5 5 5 ¢+ 3 ' s 5 7 8 9
under ¥% in. ; ’
|
¥ in. to 5 5 5 0 5 5 0 05 6 7 ( 8
under 1 in, j |
; z '
1in. to . 5 | 5 5 | 5 5 5 5 6 7
1% in. ? i z ‘
CODING b. The above prefixes to be followed by a type symbol

3. For casy reference to tank sizes and types in cables and
correspondence, etc., a coding system for each size of
tank is given below.

The code system consists of a letter prefix denoting the
three designs of tanks as listed below:

a. Prefix.
Fixed roof tank, non-pressure = BNP
Fixed roof tank, pressure = BLP
Open-top tank = BOT

Lt IO

A or B denoting the maximum plate width adopted, see
Clause 4 a, together with a number consisting of the
diameter of the tank in feet and number of courses.

c. Examples.
Pressure roof, maximum plate width 6-00 ft 96 ft
diameter four courses deep = BLPA 964.
Non-pressure roof, maximum plate width 7-25 ft
160 ft diameter eight courses deep = BNPB 1608.
Open-top, maximum plate width 6-00 ft 80 ft dia-
meter six courses deep = BOTA 806.
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B.S. 2654 : Part 1 : 1956

SECTION TWO : MATERIALS

PLATES AND SECTIONS

6. The minimum requirements for the quality of the steel
to be used for the bottom and shell plates, the roof plates
and the rolled sections shall be as given below:

Roof plates:

B.S. 13* -
or
B.S. 15011 — 101
Rolled sections:
BS. 13
or
B.S. 15+
Shell and bottom plates:

Where service conditions exist in which special
consideration must be given to the notch toughness of
plates, agreement shall be reached between the pur-
chaser and the manufacturer.

Recommended minimum requirements are given below:
Working conditions Plate thickness
For tanks built in (% inch and less ... B.S. 13

temperate§ and IOver 34 inch . BS...... I
warm climates \ : Grade ND. I
‘Lessthan% inch ... B.S. 13
... |inchuptoand ... BS...... 1
For tanks built in- ¢ Ginosiinch  Grade N.D. I
very cold§ climates B
Over % inch . BS...... I
! Grade N.D.II
*B.S. 13. ¢ Structural sieel for shipbuilding *.
T B.S. 15, ¢ Structural steef "
+ B.S. 1501-6. * Steels for use in the chemical, petroleum and aiiied
industries .

§ Ia this context, the definition of * temperate and warm climates ’
and ¢ very cold climates ® are shown in Fig. 17.

| BS. ......, * Notch ductile steel plates and sections (suitable for
welded construction) ”. (In course of preparation.)

SECTION THRE

PLATE SIZES

11. Tanks up to and including 40 fi diameter shall be
constructed from rectangular plates with sketch plates to
the perimeter or may have an annular ring of segmental
plates if so specified by the purchaser. The minimum
thickness of the rectangular plates, the sketch plates and
the segmental plates shall be %in. or 6-5 mm and the
rectangular plates shall be the same size as shell plates of
equal thickness.

All tanks greater than 40 ft diameter shall have an
annular ring of segmental plates the minimum thickness of
which is 546 in. or 8 mm. The minimum thickness of both
the rectangular plates and the sketch plates shall be % in.
or 65 mm and the former shail be the same size as shell
plates of equal thickness.

“The overall diameter of tank bottoms shall be constant
for the full range of tank heights for each diameter of tank.
The minimum distance from the centre line of the shell
plates to the outer edge of the bottom plates shall be in
accordance with Fig. 1, details D-D and E-E.

8
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PIPING

7. All pipe used for the fabrication of mountings shall be
in accordance with AP Std. 5-L except that the grades
shall be limited to A or B and the steel shall be made by
the open hearth process.

CAST STEEL MOUNTINGS

8. Where cast steel mountings are used they shall be in
accordance with B.S. 1504-101% Grade A, suitable for
welding,
-
STRUCTURAL BOLTS

9. Structural bolts shall be in accordance with B.S. 1750**%,
Part 3.

WELDING ELECTRODES

10, Welding electrodes shall be in accordance with
B.S. 63911, Parts 1 and 2.

q API Std. 5-L. American Petroleum Enstitute Standard 5-L * Line
pipe * (obtainabie through the British Standards Iastitution).

«+ B.S. 1750. * Bolting for the petroleum industry .

++ B.8. 639. * Covered electrodes for the metal-arc welding of
mild steel "

. BOTTOM DESIGN

DESIGN

12. Al joints in rectangular and sketch plates shall be
lapped. They shall be welded on the top side only with a
full fillet weld, and with a minimum lap of five times the
thickness of the plate, see Fig. I, details. C-C.

The rectanguiar plates and the sketch plates shall be
lapped over the annular ring of segmental plates where
these are used. They shall be welded on the top side only
with a full fillet weld and the minimum lap shall be 235 in.
or 65 mm, See Fig, 1, details E-E.

At the ends of cross joints in rectangular plates and
sketch plates where three thicknesses occur, the upper
plate shall be hammered down and welded as indicated in
Figs. 2a or 2b as a corrective measure if the upper plate

-overlaps the lower plate.

For tanks of 40 ft diameter and under; the ends of the

joints in the sketch plates under the bottom course of shell

plates shall be welded for a minimum distance of 6 in. or
150 mm as shown in Fig. 3a or 3b.
For tanks exceeding 40 ft diameter the radial seams
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connecting the ends of the annular segmental plates shali
be butt-welded with a backing strip the minimum thickness
of which shall be 346 in. or 4-8 mm. An acceptable form of
joint is shown in detail F-F on Fig, 4. _
The attachment between the bottom edge of the lowest
course of shell plates and the bottom sketch plate or annular
.plate shall be fillet welded contineously on both sides of
the shell plate. The leg length of both fillet welds shall be
equal to the thickness of the bottom plates (see Fig. 1,
Sections D-D and B-E), except that they shall not exceed
the sizes given below when the shell plate thickness is less
than the bottom plate thickness:

SECTION FOUR :

WORKING STRESSES

13. The maximum allowable working stress, before
applying the factor ‘E’ for efficiency of joint, shall be
21 000 Jb/sq.in.

In calculating the thickness of plate required the joint
efficiency factor * E” shall be taken as 0-85 provided that
no relaxation is permitted to the requirements of this
specification with regard to the qualifications of procedures
and operators, and the site inspection of shell joints as
required by Part 2 of this standard (in course of prepara-
tion).

The thickness of shell plates shall not be less than
e in. for tanks of 40 ft diameter or less and not less than
34 in. for tanks over 40 ft diameter. The’ maximum thick-
ness of shell plates shall be 134 in.

INTERNAL LOADING

14. a. The forces in the tank shell shall be computed on
the assumption that the tank is filled to the full height with
water (specific gravity 1-00) weighing 62-288 Ib per cubic
foot at 62°F. The tension force in each course shall be
computed at 1 {t above the centre line of the lower hori-
zontal joint in question.

b. The following formula shall be used in calculating
the minimum thickness of shell plates: —

' t = 0-0001456D (H—1).
where:
1 = Calculated minjmum thickuess in inches,
H = Height, in feet, from bottom of course under
consideration to the top of the roof curb angle.
D = Diameter of tank in feet.

The ordered thickness may be less than the caicutated
minimum thickness (7) by not more than 0-01 in. provided
that no negative mill rolling tolerance is permitted (sce
Clause 4 ).

c. Where a tank is to contain a liquid of a specific
gravity greater than 1-00, the thickness + obtained from
the formula in b. above shall be multiplied by the specific
gravity of the liquid.

d. Where a tank is to contain liquid having a specific
gravity of less than 1-00, no diminution in plate thickness
shall be aliowed.
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Shell plate | Size of fillet
thickness . weld
in. 1 in.
e : £
WYandover ! He

Where tanks are designed in accordance with Clause
2 c, special consideration shall be given to the limitation of
uplift in the tank bottom.

Typical layouts for tank bottom plates are shown in
Fig. 1, Sections A—A and B-B.

SHELL DESIGN

e. The formula given in Sub-clause 4. above shall be
deemed to include for an internal pressure up to & in. water

gauge.
f- The formula given in Sub-clause b. above shall be
deemed to include for a vacuum of 2% in. water gauge for

all tanks up to and including 128 ft diameter and I in.
water gauge vacuum for tanks over 128 ft diameter.-

&- Where operating pressures and vacuum exceed those
given in Sub-clauses e. and f. above the tank shell shall be
specially designed for the stresses occasioned therefrom.

EXTERNAL LOADING

15. Where tanks are to be erected in areas known to be
subject to high wind velocities, these tanks shall be speci-
ally considered by the purchaser and the manufacturer
and, if required, appropriate stiffening agreed, to prevent
failure by buckling when empty.

SHELL PLATE ARRANGEMENT

16. a. The tank shall be designed to héve all courses truly
vertical and the diameter on the centre line of each course
shall be equal to the nominal diameter of the tank.

b. The distance between vertical joints in adjacent
courses generally shall be not less than one-third of the

plate length.
SHELL JOINTS

17. a. General. All searns shall be butt joints, welded from
both sides of the plate. Acceptable forms of joints are
shown in Fig. 5. Welding procedure which includes the
form of joint employed shall be qualified in accordance
with the requirements of Part 2 of this standard (in course
of preparation).

b. Vertical joints. (i) All vertical butt joints shall have
complete penetration through the full thickness of the
parent plate.

(i) Open gap square butt joints (see Fig. 5, detail *A"),
shall not be used for plate thicknesses exceeding 34 in. or
65 mm.

(iii) Single vee butt joints (see Fig. 5, detail * B ", may
be used for plate thicknesses 3 in. or 6-5 mm or over but
shall not be used for plate thicknesses exceeding 3 in. or
12:7 mm.
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(iv} Double vee butt Joints (see Fig. 5, detail * C ), or
similar joints may be used for plate thicknesses exceeding
%is in. or 8 mm and shall be used for plaie thicknesses
exceeding % in. or 1227 mm.

¢. Horizontal joints. (i) Open gap square butt joints,
which shall have full penetration throughout the thickness
of the parent metal (see Fig. 5, detail * E*), shall not be
used where the thickness of the thinner plaie exceeds
%46 in. or 8-0 mm.

(ii) Single bevel butt joints, which shall have full
penetration throughout the thickness of the parent metal
(see Fig. 5, detail ‘F’ or *G %, may be used for plate
thicknesses up to and including % in. or 8:0 mm and shall
be used where the thickness of the thinner plate exceeds
¥ie in. or 8-0 mm and does not exceed 14 in. or 12-7 mm.

(iii} Double beve! butt joints (see Fig. 5, details * H >,
I "K' or ‘L"), or similar joints may be vsed for
plate thicknesses exceeding %4 in. or 6-5 mm and shall be
used for plate thicknesses exceeding 14 in. or 127 mm.

These joints may have either partial or full penetration
at option of the purchaser who shall state his requirements
clearly in this respect in his enquiry for tender. Where
partial penetration is adopted the unwelded portion shall
not exceed one-third of the thickness of the thinner plate,
and shal} be located at the centre of the thinner plate (see
Fig. 5, detail ‘K °).

ROOF CURB ANGLE

18. Tank shells shall be provided with top curb angles of
suitable dimensions as specified in Section Five, Clause 30,

and shall be attached to the upper edge of the shell plate

by a continuous double-welded square butt joint or coii-
tinuous double fillet lap joint. The horizontal leg of the
top angle may extend inside or outside the tank shell at the
purchaser’s option.

CIRCULAR SHELL OPENINGS

19. Openings in the shell of the tank over 234 in. in dia-
meter shall be compensated. The minimur cross-sectional
area of the compensation shall be not less than the product
of the vertical diameter of the hole cut in the tank shell
and the thickness of the shell plate (100 per cent compen-
sation). The cross-sectional area of the compensation shall
be measured on the vertical axis coincident with the centre
of the opening.

@. The compensation may be provided by any one, or
by any combinatien of the following:—
(i) The attachment flange of the fitting,
(ii) The compensating plate.
(iif} The portion of the neck of the fitting which

may be considered as compensation according to
Sub-clause 19 5 below.

b. The neck of a fitting may be considered as part of
the area of compensation, as follows:—

() If the fitting is installed so that no part of it
extends inward beyond the inner surface of the tank
shell plate, that part of the neck lying within a length
equal to four times the neck-wall thickness, measured
outward from the outside surface of the shell plate,
plus that part of the neck Iying within the sheil plate
thickness, may be included as compensation. -
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(ii} If the fitting extends both outward and inward
from the tank shell, that portion of the neck covered by
(i} above may be included as compensation, and in
addition, a corresponding length of neck measured
inward from the inner surface of the shell plate may be
included.

¢. The aggregate strength of the weild attaching a
fitting to the shell plate, or to an intervening compensating
plate, or to both, shall equal at least the proportion of the
forces, passing through the entire compensation, which is
computed to pass through the fitting considered.

d. The aggregate strength of the welding attaching any
intervening compensating plate to the shell plate shall at
least equal the proporiion of the forces passing through
the entire compensation, that is computed to pass through
the compensating plate considered.

e. The linear strength of fillet welds shall be computed
on the product of their throat thickness (0-7 x leg length)
and the working stresses given below:

() Side or shear fillets—5 tons/sg.in.

(i} End or tension fillets—7 tons/sq.in.

Fillet welds inclined to the direction of principal
loading shall be treated as side or shear fillets. The leg
length of external fillets shall be not less than 75 per cent
of the thinner plate joined and the leg length of internal
filiets shall be not less than %46 in. or the thickness of the
thinner plate joined, whichever is the less.

/- When two or more openings are located so close that
their normal compensating plates would interfere, ie. the
toes of the fillet welds attaching the compensating plates
will be closer ihan twice the thickness of the shell plate,
they shall be treated and compensated as follows :—

() All such openings shall be included in a single
compensating plate, which shall be proportioned for
the largest opening in the group.

() If the normal compensating pldtes for the
smaller openings in the group considered separately
would fall within the area limits of the solid portion of
a normal plate for the largest opening, the smaller
openings may be included in 2 normal plate for the
largest opening without increase in size of that plate,
provided, however, that if any opening intersects the
vertical centre line of another, the tota] width of the
final compensating plate along the vertical centre line
of either opening shall be not less than the sum of the
widths of the normal plates for the openings involved.

(i) If the normal compensating plates for the
smaller openings considered separately would not fall
within the area limits of the solid portion of a normal
plate-for the largest opening, the group compensating
plate size and shape shall be such as to include the
outer limits of the normal compensating plates for all
of the openings in the group. Change of size from the
outer limits of the normal plate for the largest opening
to the outer limits of that for the smaller opening
farthest therefrom shall be by uniform straight taper
unless the normal plate for any intermediate opening
would extend beyond the limits so fixed, in which case
uniform straight tapers shall join the outer limits of
the several normal plates. Provisions of Sub-clause £ GD)
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above with respect to openings on the same or adjacent
vertical centre lines shall also apply in this case.

g Compensation for non-circular openings shall be
given special consideration.

WIND GIRDERS FOR OPEN-TOF TANKS

20. a. Open-top tanks shall be provided with stiffening
rings 1o maintain roundness when the tank is subjected
to wind loads. Stiffening rings shall be Iocated at or near
the top of the top course, and preferably on the outside
of the tank shell.

b. The required minimum section modulus of the
stiffening ring shall be determined by the equation:

Z = 00001 DH,.
where Z = section modulus in inches.
D = nominal diameter of tank in feet.
H,= height of tank shell in feet, including any
* freeboard > provided above the maximum
filling height as a guide for a floating roof.

c. The section modulus of the stiffening ring shall be
based upon the properties of the applied members and
may include a portion of the tank shell for a distance of
16 plate thicknesses below and, where applicable, above
the ring shell attachment. When curb angles are attached
to the top edge of the shell ring by butt welding, this
distance shall be reduced by the width of the vertical leg
of the angle.

Section moduli values for typical ring members are
given in Fig. 6.

d. Stiffening rings may b made of either structural
sections or formed plate sections, or sections built up by
welding, or of combinations of such types of sections
assembled by welding. The outer periphery of stiffening
rings may be circular or polygonal.

e. The minimum size of angle for use alone, or as a
component in a built-up stiffening ring, shall be 23% in. x
2% in. X ¥ in. The minimum nominal thickness of plate
for use in formed or built-up stiffening rings shall be ¥ in.

. f- When stiffening rings are located more than 2 ft
below the top of the shell, the tank shall be provided with
a 2% in. X 2% in. X % in. top curb angle for 36 in.
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shells and 3 in. X 3in. X % in. angle for 34 in. shells, or
other members of equivalent section modulus.

g- Rings which may trap liquids shall be provided with
adequate drain holes.

A. Stiffening rings or portions thereof which are regu-
larly used as a walkway, shall have a width of not less
than 24 in. clear of the projecting curb angle on the top
of the tank shell, shall be located preferably 3 ft 6 in. below
the top of the curb angle, and shall be provided with hand-
railing on the otherwise unprotected side and at the ends
of the section so used.

Jj- When a stair opening is installed through a stiffening
ring, adequate compensation shail be provided to ensure
that the section modulus at any section through the opening
conforms to the requirements of Sub-clause 4. above.

The shell adjacent to such opening shall be stiffened
with an angle or bar placed horizontally. The other sides
of the opening shall be stiffened with an angle or bar
placed vertically. The cross-sectional area of these edge
stiffeners shall be at least equivalent to the ¢cross-sectional
area of that portion of shell included in the section modulus
calculation of the stiffening ring, Sub-clause ¢, above. These
stiffeners, or additional members, shall furnish a suitable
toe board around the opening. The stiffening members
shall extend beyond the end of the opening for a distance
equal to, or greater than, the minimum depth of the regular
ring sections. The end stiffening members shall frame into
the side stiffening members and shall be connected to them
in such a manner as (o develop their full strength.

k. Brackets shall be provided for all stiffening rings
when the dimension of the horizontal leg or web exceeds
16 times the leg or web thickness. Such brackets shall be
placed at intervals as required for the dead load and vertical
live load that may be placed upon the ring. However, the
spacing shall not exceed 24 times the width of the outside
compression flange.

{. Isolated radial loads on tank shell, such as caused by
heavy loads from platforms and elevated walkways between
tanks, shall be distributed by rolled structural sections,
plate ribs or built-up members.

m. Continuous welds shall be used for all Joints which,
becanse of their location might be subjected to corrosion
from entrapped moisture. Full penetration butt welds shall
be used for end-to-end joints in ring sections.

SECTION FIVE : FIXED ROOF DESIGN

FIXED ROOFS

21. Fixed roofs may be one of either of the following types
at purchasers’ option:—

a. Self-supporting roof. A roof structure such that the
entire load is supported at the tank periphery. This type is
recommended for both pressure and non-pressure tanks.

b. Columm-supported rogf. A roof having a column or
columns transmitting the roof load to the tank bottom.
This type of roof is not recommended for pressure tanks,
and should not be used under conditions where subsidence
may OCcur.

NOTE. When column-supported roofs are required they shall be
designed in accordance with the appropriate clauses for roof design
in APl Sud. 12-C*,

* APl Sid. 12-C. American Petroleum Institute Standard 12-C.
“Welded oil storage tanks” (obtainable through the British Standards
Institution).

ROOF SHAPE
22. The shape of roof may be, at the purchaser’s option,
in either of the following forms:—

a. Cone roof, i.¢. a roof formed to the surface of a right
cone.

b. Dome roof, i.c. a roof formed to a spherical surface.

11
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ROOF SLOPE

23. a. Cone roof. The roof slope shall be to the pur-
chaser’s requirements, but in the interests of standardiza-
tion it is recommended that a roof slope of 11n 3 or 1in 6
is used.

b. Dome roof. The radius of curvature of the dome shall
be the subject of agreement between the purchaser and the
manufacturet.

SPACING OF ROOF PURLINS

24. Spacing of roof puriins shall be such that the span
between them shall not exceed 55 ft except where one edge
of the panel is supported by the top curb of the tank or
other roof sheet supporting members, when the maximum
span may be increased to 2 ™ fect.

ROOF PLATES

25, g. The minimum thickness of roof plates shall be
3¢ in. or 48 mm.

b. Where rectangular roof plates 3is in. thick are used,
they shall be 5 ft wide by 5 = ft long.

¢. Roof plates are to be lapped and continuously fillet
welded on the outside with a minimum lap of 1 in. They
may be lapped so that the lower edge of the uppermost
plate is underneath the upper edge of the lower plate in
order to minimize the possibility of condensed moisture
entering the lap joint.

d. Roof plates shall be continuously fillet welded to
the top curb angle as shown in Fig. 5. They shall not be
attached to the roof-supporting structure.

LOADS

26. Roofs shall be designed to support the following loads
and pressures:—

a A supeﬁmposed load (based on a sSnow load of
approximately 12 1b/sq.ft and a vacuum of 2% in. water
gauge) of not less than 25 1b/sq.it measured on the hori-
zontal plane, in addition to the dead load of the roof sheets
and supporting structure.

~ An internal pressure equivalent 10 3 in. water gauge
for non-pressure tanks and 8 in, water gange for pressure
tanks.

Where allowance must be made for a higher snow load
and/or a higher vacuum setting and/or a higber internal
pressure, the purchaser shall state these conditions in his
enquiry or order.

SECTION SIX :

SHELL MANHOLES

31. The shell manholes shall be in accordance with Fig. 7.

The manhole frames shall be pressed, I ormed or alter-
natively fabricated by welding.

For sheared and flame cut manhole necks all edge
cracks shall be removed, and the edge shali be finished
aniform and smooth with corners radiused, as shown in
Fig. 7, detail ‘ C".
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DESIGN AND PERMISSIBLE STRESSES

27. The roof sheets and supporting structure shalt be
designed in accordance with the requirements of Appendix
E.

MINIMUM THICKNESS OF METAL

28. The steel used for construction of the roof members
shall have a minimum thickness of not less than 34s in. This
does not apply to the webs of rolled steel joists. and
channels or packings or 10 structures in which special
provision against corrosion is made.

STABILITY OF ROOFS

20. Roof framing shall be provided with bracing in the
plane of the roof surface or between trusses, where these
oceur, to the following requirements :—

a. Cross bracing in the plane of the roof surface shall
be provided in at least two bays, i.e. between two pairs of
adjacent rafters, on ail roofs exceeding 48 ft diameter.
Sets of braced bays shalt be spaced symmetrically around
the tank circumference.

p. Additional vertical ring bracing, on trussed roofs
only, shall be provided in an approximately vertical plane
between the trusses to the following requirements —

(i) Roofs over 48 ft but under 80 fi diameter: one
ring.
(i) Roofs over 80 ft diameter: two TINgs.

TOP CURE ANGLES

30. a. Cone roof. For non-pressure tanks the top curb
angle shall be of the following minimum sizes —
(i) Tanks up to and including 35 fr: 232 in. X
2% in. X ¥ in.
(i) Tanks over 35 ft diameter and including 60 ft:
214 in. % 2% in. X e in

(iii) Tanks over 60 ft diameter and including 120 fi:

3in X 3in X 3 1in. )

(iv) Tanks over 120 fi:4in, X 4in. X 32 in.
WOTE. For external top curb angles the outstanding leg shall be of
sufficient width to accommodate the whole section of the handrail
stanchion.

For pressure tanks the top curb angle shall be in-
creased in sizes or suitably stiffened to withstand the loading
due to the internal pressure of 8 in. waier gauge.

b. Dome roof. The top curb angle shall be suitably
designed for pressure and non-pressure conditions.

MOUNTINGS

SHELL NOZZLES

32. The shell nozzles shail be either single flange, double
flange or special flange type as agreed by the purchaser,
and in accordance with Fig. 8.

The details and dimensions given in Fig. 8 are for
nozzles installed with their axes perpendicular to the shell
plate. Nozzles may be installed at an angle other than
90 deg. to the shell plate in a horizontal plane, provided
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adequate compensation is allowed for in the compensating
late.

P For sheared and flame cut nozzle necks which terminate
at the shell as shown-for single flange nozzle in Fig. 8
all edge cracks shall be removed and, where the end of the
nozzle neck remains unwelded in the completed tank, this
end shall be made uniform and smooth with corners
rounded to a radius of 34 in.

WATER DRAW-OFF SUMP
33. The draw-off sump shall be in accordance with Fig. 9.

COMBINED WATER DRAW-OFF AND CLEAN-OUT SUMP
34, The tank bottom clean-out sump shall be in accordance
with Fig, 10. The filiet weld to the underside of the bottom
sketch plate or annular plate shall be deposited in the
downhand position, the botiom plate being reversed for
this purpose before finally positioning on the tank founda-
tion.

DRAIN PAD FOR ELEVATED TANKS
35, The drain shall be in accordance with Fig. 11.

CLEAN.OUT DOORS
36. Clean-out doors shall be of mild stee]l welded con-
struction in accordance with Figs. 19 A, B and C. The
hinged davit shown may be omitted by agreement between
purchaser and manufacturer. Stress relief is recommended
and shall be carried out unless otherwise specified by the
purchaser.

ROOF MANHOLES .
37. The roof manholes shall have minimum inside dia-
meter of 20 in. They shall be of metallic construction
suitable for attachment by welding to the tank roof sheets
and shall be positioned close to Toof sheet supporting
members.

The manhole covers shall be of hinged type with single
or multiple bolt fixing as required by the purchaser.

ROOF NOZZLES
38, Flanged roof nozzles shall be in accordance with
Fig. 12.

FLANGE DRILLING

39. The flanges for all mountings except shell and roof
manholes shall be made and drilled in accordance with
B.S. 1560*, Class 150, unless otherwise specified by the
purchaser.

SECTION SEVEN :

WORKMANSHIP

44. a. General. The workmanship and finish shail be first
class in every respect, subject to the closest inspection by
the manufacturer’s inspector, whether or not the purchaser
waives any part of his inspection.

b. Straightening. Straightening of material shall be
done by pressing before being laid out or worked on in
any way, or by methods that will not injure it. Heating or

B.S. 2654 : Part 1 ; 1956

STAIRWAYS AND GANGWAYS
40. Stairways and gangways shall be of metaliic construc-
tion and the minimwm clear walking space shall be
24 in.

It is recommended that the angle of stairways to the
horizontat plane should not exceed 45 deg.

The stairway treads shall be of open grillinon-slip type.
The rise shall be 8 in. with a minimum width of 8 .
measured at the mid-length of tread.

Circumferential or spiral type stairs shall be completely
supported on the shell of the tank and the ends of the
stringer or stringers shall terminate clear of the tank
foundation as exemplified in Fig. 13.

Stairways and gangways shall be capable of supporting
a supetimposed load of 50 ib/sq.ft. It is recommended that,
where the vertical rise is more than 20 ft, stairways shonid
be arranged with an intermediate landing or landings.

Tank gangways which extend from one part of a tank
to any part of an adjacent tank or io ground or other
structure shall be so supported as te permit free relative
movement of the structures joined by the runway.

HANDRAILING
41. Handrailing to tank roofs, stairways and gangways
shall be of rolled steel sections as exempliified in Fig. 14.

The distance between handrail standards at the tank
perimeter and on gangways or measured along the slope
of stairways shall not exceed 96 in.

Handrails shall be provided on both sides of gangways
and stairways, also on circular and spiral type stairways
where the distance between the tank shell and the inner
stringer is more than 8 in.

For tanks over 40 ft diameter, where access is required
to fittings at or near to the centre of the roof, handrailing
and treads shall be provided as shown in Fig. 14.

Particular care shall be taken in the jointing of hand-
rails to ensure that the full strength of the members is
developed.

LADDERS
42. Fixed steel ladders exceeding 16 ft in height shall be
provided with safety cages.

EARTHING CONNECTIONS
43. All tanks shall be fitted with suitabie earthing con-
nections. A typical type of connection is shown in Fig. 15.

* B.S. 1560, * Steel pipe flanges and flanged fittings for the petroleum
industry .

SHOP FABRICATION

hammering is not permissible unless the material is heated
to a forging temperature.

PLATE EDGE PREFARATION

45. The edges of plates may be sheared, machined, chipped,
or cut with a machine-operated cutting blow-pipe. Shearing
shall be limited to 3 in. thickness of plates for butt-welded
joints. When edges of plates are cut by a blow-pipe, the
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