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B.S. 2654 ; Part 2 : 1961

This BRITISH STANDARD, having been approved by the Petroleum Equipment Industry Standards
Committee and endorsed by the Chairman of the Engineering Divisional Council, was published
under the authority of the General Council on 28th December, 1961.

The Institution desircs 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 4000, indexed and cross-indexed for reference,
together with an abstract of each standard, will be found in the Institution’s Yearbook, price 15s.

This standard makes reference to the following British Standards:

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

B.S. 1719. Classification of covered electrodes for the metal-arc welding of mild stect
and medium-high-tensile steels of welding quality.

B.S. 2600. General recommendations for the radiographic examination of fusion welded
joints in thicknesses of steel up to 2 inches.

and to the following speci.ﬁcation of the American Petroleum Institute (obtainable through the

British Standards Institution):

API Std. 12~C. Welded oil storage tanks.

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.

The following B.S.1. references relate to the work on this standard
Committee reference PEE/12. Draft for comment AA(PEE) 8610.
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CO-OPERATING ORGANIZATIONS

The Petroleum Equipment Industry Standards Committee, under whose supérvision this British
Standard was prepared, consists of representatives from the following Government department
and scientific and industrial organizations:
*British Iron and Steel Federation
*Council of British Manufacturers of Petroleum Equipment

Federation of British Rubber and Allied manufacturers

Institute of Petroleum

Ministry of Power
*0il Companies’ Materials Association

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

Association of British Chemical Manufacturers
British Chemical Plant Manufacturers’ Association
Engineering Equipment Users’ Association
Institute of Welding

Tank and Industrial Plant Association.
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BRITISH STANDARD SPECIFICATION: FOR
VERTICAL MILD STEEL WELDED
STORAGE TANKS, WITH BUTT-WELDED SHELLS,
FOR THE PETROLEUM INDUSTRY

PART 2. SITE ERECTION, INSPECTION AND TESTING

FOREWORD

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

capacities.

Part 1 of this standard deals with the design and fabrication of tanks. This part deals with site erection, inspection and

testing,

Acknowledgment is made to the American Petroleum Institute for data taken from APT Std. 12-C, * Welded 0il

Storage Tanks.’

SPECIFICATION
SECTION ONE : GENERAL

SCOPE

1. This British Standard applies to vertical mild steel welded storage tanks, with butt-welded shells, for the petrolenm
industry, the design and fabrication of which are the subject of Part 1 of this standard.

SECTION TWO : SITE ERECTION

FOUNDATIONS

2. The foundation for receiving the tank bottom shall be
provided by the purchaser, unless otherwise stated in the
order, and it shall be properly consolidated. All reasonable
care shall be taken to prevent damage to the foundation
during erection.

The perimeter of the foundation in the way of the
first course shell plates shall be level within 4= 34 in and,
to ensure circularity of the tank, shall be maintained
within this tolerance by the purchaser during the course
of erection.

RECTIFICATION OF DAMAGE TO MATERIALS

3. Any damaged material shall be corrected by the
erection contractor prior to erection to the satisfaction
of the purchaser’s representative.

ERECTION OF PLATES

4. a. The method proposed by the manufacturer or
erection contractor to hold the plates in position for
welding shall be submitted for approval to the purchaser’s
inspector, if such approval has not already been given in
writing by the purchaser.

b. The first course of shell plates shall be held in
position by metal clamps or other devices attached to the

bottom plates whilst it is plumbed and checked for
circularity and before it is tack welded or welded to the
bottom,

¢. At all lap joints the plates shall be held in close
contact during the welding operation. The surfaces where
the weld metal is to be applied shall be thoroughly
cleaned before assembly.

d. The method to be used for filling in holes made for
erection purposes shall be approved by the purchaser.

Lugs attached by welding to the tank, and needed only
for purposes of erection, shall be removed and any
noticeable projections of weld metal carefully ground or
chipped from the plate. The plate shall not be gouged
or torn in the process of removing lugs. '

CIRCUEARITY AND SHAPE

5. In the construction of the shell of the tank every care
shall be taken to minimize distortion or lack of circularity
due to welding or any other reason.

MISALIGNMENT

6. a. Plates to be joined by butt-welding shall be matched
accurately and retained in position during the welding
operation, Misalignment in completed vertical joints

5
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shall not exceed 10 per cent of the plate thickness, or
s in for plates 34 in thick and under, and % in for plates
over 3 in thick, whichever is the larger,

b. In completed horizontal butt joints the centre
lines of the plates shall not be out of alignment by more
than 20 per cent of the upper plate thickness with a
maximum of 14 in for plate thicknesses exceeding % in,

SECTION THREE :

WELDING PROCESSES

8. Tanks and their structural attachments shall be welded
by the metal-arc or the submerged-arc process using
suitable equipment. Other suitable processes approved by
the purchaser may be used, but it is emphasized that some
extension of the normal procedure qualification tests
may be necessary to prove their suitability. The welding
may be performed manually, automatically or semi-
automatically and shall be executed in a manner to
ensure fusion with the base metal within the limits required
by the applicable clauses and figures. The welding shall be
carried out according to the weld procedure established
in Section Six and by welders qualified under Section Six.
Alternatively, by agreement between the purchaser and
the erection contractor, weld procedure and welder
qualification may be carried out in accordance with API
Std. 12-C, Section 7,

WELDING SEQUENCES

9. The proposed sequences in which joints are to be
welded shall be the subject of agreement between purchaser
and erection contractor and they shall be adhered to on
site.
WEATHER CONDITIONS AND PRE-HEATING
10. Welding shall not be done when the surfaces of the
parts to be welded are wet, when rain or snow is falling
on such surfaces, or during periods of high winds unless
the welder and work are properly shielded. Welding shall
not be done when the base metal temperature is less than
0°F. When the base metal temperature is within the range
0 to 32°F, inclusive, or the thickness is in excess of 134 in,
the surfaces on both sides of the joint shall be pre-heated to
a temperature warm to the hand and to a distance of not
less than four times the plate thickness, or three inches,
whichever is the greater, in any direction, before welding is
begun, and during the course of the welding operation
this pre-heat temperature shall be maintained in the
specified area.
ELECTRODES

11. Welding electrodes shall be in accordance with
B.S. 639* Parts 1 and 2.

Electrodes shall be stored in their originat packets or
cartons in a dry place adequately protected from weather
cffects. Similar precautions shall be taken in the storage of
flux for submerged-arc welding,

If the electrodes become defective by dampness but are
not otherwise damaged they may be used oniy after being

*B.S. 639, * Covered electrodes for ﬁe métal—arc wélding 6f mild
steel ”.

6

except that, for plate thicknesses 546 in and under the
maximum shall be ¥4 in.

WIRE GUYS OR CABLES

7. Tank shells shall be safeguarded from damage due to
wind by provision of steel wire guys or cables until
completion of the roof framing, or of the wind girder in
the case of an open top tank.

SITE WELDING

dried out in a manner approved by the electrode manu-
facturer. Any electrodes which have areas of the flux
covering broken away or damaged shall be discarded.
Low-hydrogen electrodes shall be stored and dried out
in accordance with the manufacturer’s recommendations.

TACK WELDS

12. Tack welds used in the assembly of the vertical joints
of tank shells and those used for assembling the tank shell
to the bottom shall be removed and shall not remain in the
finished joint. Tack welds in the bottom, roof and circum-
ferential joints of the tank shell, and other joints, need
not be removed provided they are sound and the sub-
sequent weld beads are thoroughly fused into the tack
welds.
CLEANING OF WELDS

13. Each layer of weld metal of multi-layer welding shall
be cleaned of slag and other deposits before the next
layer is applied. Slag shall also be removed from finished
welds before inspection.

BACK GOUGING AND CHIPPING

14. The reverse side of full penetration butt welds shall
be cleaned thoroughly prior to the application of the first
bead to this side in a manner that will leave the exposed
surface suitable for proper interfusion with the deposited
weld metal. This may be done by chipping, grinding or
gouging, or, where the back of the initial bead is smooth
and free from crevices which might entrap slag, by other
methods which may, upon field inspection, be acceptable
to the purchaser.
WELD REINFORCEMENT

15. The weld metal of both sides of all butt joints shall be
built up so that the finished face in the area of fusion
extends above the surface of the adjoining plates, or the
thinner plate joined, preferably not more than 3a in,

UNDERCUTTING

16. The edges of all welds shall merge smoothly with the
surface of the plate without a sharp angle. There shall
be no undercutting of the base metal, except that, on
horizontal butt joints and filiet welds, undercutting shall
not exceed ¥g inch in depth.

PEENING

17. Peening of welds shall not be carried out except by
agreement between the purchaser and the erection
contractor. In no case shall the final layer of the weld be
peened, ‘ '
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SECTION FOUR : WELD SUPERVISION AND INSPECTION

WELD SUPERVISION
18, It shall be the responsibility of the erection contractor
to ensure that all welding is carried out in accordance
with the requirements of this British Standard and he shall
provide all the supervision necessary to fulfil this require-
ment.
EXAMINATION OF BUTT WELDS

19. The method used for the examination of butt welds
shall be the subject of agreement between the purchaser
and the erection contractor and shall be stated in the

enquiry or order. The preferred method is by radiography
as described in Section Seven.

INSPECTION OF FILLET WELDS

20, Tnspection of fillet welds shall be made by visual
examination. Where this indicates unsatisfactory welding,
assessment of the weld for compliance with this specifica-
tion shall be based on the examination of a section or
sections removed by gouging or chipping with & mech-
anical round nosed chipping tool. '

SECTION FIVE : TANK TESTING

GENERAL

21. No connections shall be made between a tank and any
product line until the tank and its appropriate mountings
have been satisfactorily tested in accordance with the
fellowing clauses in this section.

BOTTOM TESTING

22. After the bottom, and at least the bottom course of
shell plates have been welded, air shall be pumped beneath
the bottom at a pressure sufficient to lift the bottom plates
off the foundation. The pressure, which shall be 4 in
water gauge minimum, shall be held by the construction
of a temporary dam of clay or other suitable material
around the tank periphery. Soapsuds or other suitable
taterial shall be applied to the joints for the detection
of leaks. (Fuel oil may be used instead of air subject to
agreement with the purchaser.) Alternatively, the bottom
seams may be tested by the vacuum box method, or by any
other method agreed between the purchaser and the
erection contractor.

The bottom shall be made free from leaks to the
satisfaction of the purchaser.

SHELL TESTING

23. The tank shall be tested by filling with water to the
level of the top of the tank shell, including the top curb
angle. The rate of filling shall be agreed by the purchaser,
Continuous inspection shall be maintained for the whole
of the filling pericd and any uneven settlement of the tank
on its foundation shall be reported immediately,

All Jeaks found shall be repaired with the water level
at least one foot below the point being repaired.

Where local conditions are such that the above test is
impossible the tank shall be tested by painting or spraying
all the joints on the inside with a highly penetrating oil,
or by any other method agreed between the purchaser
and the erection contractor.

ROOF TESTING

24. When the tank shell is tested with water the roof joints
shalf be tested by applying an internal air pressure equal
to 3 in water gauge for non-pressure tanks and 2 in water
gauge above the design pressure of the tank for pressure
tanks. Soapsuds or other suitable material shall be used for
the detection of leaks. Where no water is available for
testing the shell, the roof may be tested by using the vacuum
box method or by the use of highly penctrating oil or by
any other method agreed between the purchaser and the
erection contractor.
REPAIRS

25. All defects found in welds shall be brought to the
attention of the purchaser’s inspector, and his approval
shall be obtained to the method of repair. All completed
repairs shall be subject to the approval of the purchaser’s
inspector.

All defects in excess of the minimum requirements in
Clause 42 shall be removed by chipping, grinding or
gouging from one or both sides of the joint, as required,
and re-welded. Only sufficient cutting-out of the joints
shall be done as is necessary to correct the defects.

Isolated pinhole leaks in roof joints may be caulked
mechanically.

No welding shall be done on any tank unless all lines
connecting thereto have been completely blanked off,
No repairs shall be attempted on tanks while filled with oil,
nor on tanks which have contained oil until the tank has
been emptied, cleaned and gas-freed in a safe manner. No
repairs shall be attempted by the erection contractor on a
tank which has contained oil except in a manner approved
in writing by the purchaser and in the presence of the
purchaser’s inspector.

PAINTING

26, Where shop painting has been carried out it is recom-
mended that, soon after final testing, the priming coat shall
be made goed where damaged and extended to all bare
surfaces to be subsequently painted,

SECTION SIX : WELDING PROCEDURE AND WELDER QUALIFICATION

GENERAL

27. a. The welding processes to be used for the con-
struction of the tank shall be used in the procedure and
welder qualification tests.

b. All welding procedures shall be proved in accordance
with the requirements specified in Clauses 31 and 32, and

all welders qualified in accordance with Clause 34. In
no case shall welders weld on tanks until they have
qualified.

c. If special welding processes are to be used, the

welding procedure tests shall include any supplementary
tests needed to prove their suitability (see Clause 8).
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MATERIALS

28. The parent plate and electrodes shall comply with the
requirements of Part 1, Section Two, of this standard.

Qualification in such material shall qualify the pro-
cedure for any other grade of plate permitted under the
above section.

PLATE EDGE PREPARATION

29. a. The length of the weld and the dimensions of the
parent test plate shall be such as to provide sufficient plate
for the test specimens.

b, The plate edges shall be prepared as detailed in
Clause 45 in Part 1 of this standard.

A. WELDING PROCEDURE
PROCEDURE TEST PLATES

30. a. The test plates shall be welded as specified in
Section Three and shall be used to approve procedure.
The details of the approved procedure shall be recorded
by the erection contractor as the welding procedure
specification to be followed, and this record shall include
results of the qualification tests that have been conducted
to approve them.

b. One butt-welded test plate shall be welded in the
horizontal/vertical position,

One butt-welded test plate shall be welded in the
vertical position.

All welds shall have full penetration.

The welding positions shall be as illustrated in Fig. 1.

¢. The thickness of the material used for the test
plates shall not be less than the maximum thickness used
in the construction; alternatively, it need not exceed one
inch.

Where the maximum thickness of the test plate exceeds
134 inches, material may be removed for the bend test
specimens as described in Clause 32b.

Tensile test specimens shall be prepared from the
full plate thickness, but where the thickness of the material
exceeds 1 inch, they may be reduced to a thickness of
1 inch.

EXAMINATION OF TEST PLATES

31, Each butt-welded test plate shall be prepared and
radiographed in accordance with Section Seven.

The radiograph shall show clearly the test plate for its
full length. For the purpose of interpretation a length of
134 inches from each end shall be ignored.

The radiograph shall conform to the acceptance
standards specified in Clause 42.

WELD SPECIMENS

32. After radiographic acceptance, the following specimens
from each test plate shall be prepared to the dimensions
shown in Figs. 2 and 3.

2 Tensile specimens.
2 Normal bend specimens.
2 Reverse bend specimens,

The sequence of removal of test specimens shall be
as shown in Fig. 4,

8

The specimen shall be tested as follows:

a. Tensile specimens. Before testing, the least width and
corresponding thickness of the reduced section shall be
measured in inches. The specimen shall be ruptured vnder
tensile load and the maximum load in tons shall be
determined. The cross-sectional area shall be obtained as
follows:

Cross-sectional area = width x thickness.

The tensile strength in tons per square inch shall be
obtained by dividing the maximum load by the cross-
sectional area.

The tensile strength of the joint shall be not less than
the minimum specified for the plate,

b. Bend specimens, Four bend test specimens of rect-
angular section shall be cut from the test plate, two bent
with the outer surface of the weld in tension, and two
with the inner surface in tension.

The specimens shall be cut transversely to the weld and
have a width equal to 1-5 times the thickness, the mid
portion of the specimens coinciding with the centre line
of the weld. The edges may be rounded off to a radius not
exceeding 10 per cent. of the thickness of the specimen.
In test plate thicknesses not exceeding 124 in, the thickness
of the specimens shall be cqual to the thickness of the
test plate. Where the plate thickness exceeds 134 in, the
specimens may be reduced in thickness to 134 in. These
shall be prepared by machining discard metal from the
surfaces of the specimens which will be in compression
when the test is applied (see Figs. 3« and 36).

For each specimen, the weld reinforcement shall be
removed by buffing or machining so that the outer and
inner surfaces of the weld are fiush with the surface of the
plate. Each specimen shall be bent cold without fracture
through an angle of 180 degrees over a former of 4¢
diameter where ¢ = thickness of specimen. The form of the
specimen after bending shall be as shown in Fig. 3c.

REQUALIFICATION OF PROCEDURE

33. Requalification shall be required if any of the following
changes are made in procedure:

a. A change in welding electrode from one B.S. 1719*
classification number to another, or a change of electrode
where both. types are to B.S. 1719, Class 9.

b. An increase in the diameter of the electrode above
that called for in the welding procedure specification.

¢. A change of more than 15 per cent above or below
the specified amperage for each size of electrode used.

d. For a specified welding groove a change of more than
plus or minus twenty-five per cent in the number of passes.
If the cross-sectional area of the groove is increased, it is
also permissible to increase the number of passes in
proportion to the increased area.

e. A decrease in the pre-heating temperature.

J. A change in the type of welding groove; for example
a change from a V to a U groove,

*B.S. 1719, * Classification of covered electrodes for the metal-arc
welding of mild steel and medium-high-tensile steels of welding
guality.’
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