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Figure 11.22 Asquith boring machine
Figure 11.21 Drum end press

taken of all welded seams. Any defects, not acceptable to the code o
8 of practice are cut out, the defective area is re-welded and then Finished bote
i non-destructively re-examined.
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The drum is now marked off to identify the position of all nozzles,
‘ brackets, supporting saddles etc.”The holes for the nozzles (stubs)
are machined out using an Asquith horizontal borer which has both !
horizontal and vertical movement in addition to traversing a lengthy
track (Figure 11.22). ‘ .
The tube stubs, normally made from forged bar, are machined to - : / :
size and then manually welded to the drum shell. To ensure sound ~ \ . _ a
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penetration at the root of the weld two different methods can be
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employed. For relatively thin stubs, say 9 mm thick, a tungsten inert
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) gas (TIG) process is used for the iitial root run, the remainder of
| the joint being made by the manual metal arc method. For greater
|

i

thicknesses a ‘bored out’ technique is used. In this particular case the :
bore of the stub is reduced in diameter by 9 mm and is welded to the ' Stup bored. out 1o il

: ft Idi =
drum by the manual metal arc process. When the welding of all SAER SN R AT b S m b

Figure 11.23 Typical detail of ‘bored out’ tube stub

nozzles is completed the drum is reset in line with the Asquith boring
machine and the inside of the stubs bored out to their required size.
In this way the root runs of the weld, those that are most likely to




304 BOILER CONSTRUCTION

‘ contgin defects, are removed (see Figure 11.23). Other fittings such
; as msu.lation supports, supporting saddles, and instrument
connections, are then welded to the drum.

When all drum welding is completed and non-destructive testing
. bas been carried out and proved satisfactory, the completed drum
il | is subjected to a stress relieving heat treatment. Thermocouples are
attached to the drum at critical locations on both the inside and
outside surfaces. These are connected direct to a temperature

i re(fording chart which shows the complete heat treatment cycle
(Figure 11.24).
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Figure 11.24 Temperature recording chart
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The stress relieving operation consists of heating the drum at .a
specified rate to a temperature in the range 580—620°C (carbon
steel), holding this temperature for a period of one hour per 25 mm
of drum thickness and then cooling, again at a specified rate.

Any necessary welded test plates are also simultaneously stress
relieved after which they are prepared for mechanical testing. In
addition to the usual tensile, elongation, bend tests, etc, the
inspecting authority may require macro and micro examination of
the weld structure.

When satisfactory test results have been confirmed, all nozzles and
branches are blanked off, manhole doors fitted and the drum
prepared for a hydrostatic test. The drum is filled with water and the
pressure raised to a specified pressure normally 1.5 X design pressure
and then held at this pressure for a minimum period of 30 min.

As an alternative to attaching tubes to steam and water drums
using protruding stubs they may be set into suitable holes machined
in the drums. In this design a large number of holes are drilled
in the shell of the drum and the riser and downcomer tubes (when
installed for service) are either welded or expanded into the tube
holes. It is extremely important that accuracy be maintained in
the marking out and drilling of the drum to ensure that the ligament
efficiency between the holes does not fall below that used in the
drum design. Also critical is the tube hole diameter, which must be
within the specified tolerance, and the tube hole finish which must
be smooth and must not contain any detrimental grooves that may
cause sealing and leakage problems. The required accuracy of tube
hole position is achieved by template drilling and other methods. The
final preparation of the drum before delivery involves cleaning,
painting and sealing of openings.

When cleaning, all loose scale, dirt, debris etc., is removed, the
steel plate is wire brushed and the inside of the drum carefully dried
out. Occasionally, the wire brushing operation is replaced by shot
blasting. The drums are normally insulated when they are installed
for service therefore painting the outside of the drum is restricted to
a’ rust preventative primer only. To prevent the ingress of dirt, debris,
moisture etc., all openings on the drum are sealed with plastic covers
or steel blanks. '

To complete the contract for the drum it is necessary to compile
a documentation data handbook containing material test certification
welder qualification test reports, procedure and production test plate
results, heat treatment charts and hydrostatic test certificate.

In conclusion it should be emphasised that in order to ensure
complete compliance with the approved plans and requirements of




306 BOILER CONSTRUCTION

the specified code of practice, each drum, from plate examination to
final hydraulic test is subject to rigid inspection by the works inspec-
tion department in conjunction with the surveying authority
responsible for its final certification.

TESTS OF WELDING

When seam welding is used for a boiler shell, whether it be for a
tank boiler or water tube boiler drum, definite constructional
regulations have to be observed. There are many so called ‘codes’ or
tabulated rules governing the construction of welded boilers, both
for marine and non-marine use.

One of the principal requirements for marine boilers is that the
manufacturers making the boilers have initially to satisfy the
inspecting authorities as to their ability to produce consistently good
welded work. This is achieved by maintaining the plant in efficient
condition, carrying out regular tests of the welding operators, having
adequate testing facilities, suitable X-ray apparatus and also a
suitable heat-treating furnace.

An engineering works that has proved its capabilities to, and is
recognised by, the inspecting authorities for the construction of
welded boilers has to make each boiler drum or shell in compliance
with clearly defined rules. One of these rules, in effect, ensures by
proof testing a facsimile or ‘model’ of the welded longitudinal joint
that its strength or efficiency is as good as that of the actual drum or
shell material. : '

The circumferential joints are welded in exactly the same manner
as the longitudinal joints, and as under working conditions they are
only subjected to half the stress, proof testing of the longitudinal
joint ‘model’ is accepted as representing both longitudinal and
circumferential seams.

The models of the actual longitudinal joints are known as test
plates. Two test plates of steel, conforming to the same specification
and of the same thickness as the shell being welded, have to be made
for each boiler drum or shell.

These test plates are attached to the drum in such a-manner that
the edges to be welded are a continuation, and duplication of, the
actual longitudinal joint (see Figure 11.25). In the case of machine
welds, apart from the first and last few inches of seam, where there
may be irregularities due to stopping and starting, the weld from A
to B as laid down should be uniform in character, although in the
case of hand welding it is unavoidable that the operator may actually
take more care over the test plates than over the actual seam.

-
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After the welding of the seam is complete the test plates suitably
marked for identification are detached, straightened if warped and
then subjected to the same heat treatment as is given to the boiler

drum or shell.
A >_)

Figure 11.25 Fusion welded shell with test plates attached

The test plates, representing as far as practicable the actual long-
itudinal seam, are then cut up into test pieces to allow various tests
to be made, i.e. tensile all-weld metal, bend, tensile of joint, macro
and Charpy’s (see Figure 11.26). These test pieces when tested have
to meet the specified requirements of the Code or Rules of the
inspecting authority. '

The above description explains how, generally speaking, a satis-
factory check is made on the physical properties of welded seams by
means of test plates. However, it is necessary to ensure that the
whole seam is as good as the test plates and with this object in view

Figure 11.26 Test pieces cut from welded test plate
1. Tensile all-weld metal
2. Bend
3. Tensile joint
4. Macro
5. Charpy impacts




308 BOILER CONSTRUCTION

all the butt-welded seams, both longitudinal and circumferential, are
radiographed so that any defects, at the discretion of the inspecting

authority, can be cut out and rewelded prior to the stress-relieving .

treatment which has subsequently to be given to the welded drum or
shell. .
As previously mentioned, requirements for welded pressure vessels
and boilers vary slightly with different authorities.

Lloyd’s Register of Shipping, in common with most regulatory
authorities, stipulate in their Rules that the pressure parts of fired
and exhaust gas boilers, their economisers, superheaters, reheaters
and steam receivers, with a design pressure above 0.34 N/mm?
are to be constructed in accordance with their Class I requirements
for fusion welding, which are as follows.

Preliminary conditions and tests for Class I fusion welded pressure
vessels

Fusion welded pressure vessels constructed to Class I requirements
will be accepted only if manufactured by firms equipped and
competent to undertake high-quality welding. In order that firms
may be approved for this purpose, it will be necessary for the
Surveyors to visit the firm’s works for the purpose of inspecting the
welding plant, equipment and procedure and to arrange for the
carrying out of preliminary tests. Furthermore, arrangements should
be made for the survey during construction and testing of a full size
welded pressure vessel.

The welding plant and equipment are to be suitable for under-
taking work of the standard required for Class I welding and are to
be maintained in an efficient working condition. The welding
apparatus is to be installed under cover and so arranged that the
welding work is carried out in positions free from draughts and
adverse weather conditions. The procedure should include the
regular and systematic supervision of the welding work, and the
welding operators are to be subjected by the work’s supervisors to
periodic tests for quality of workmanship. Records of these tests are
to be kept and are to be available for inspection by the surveyors.

The works should be equipped with an efficient testing laboratory
which should include apparatus suitable for carrying out tensile,
bend and impact tests, micro-examination of specimens and X-ray
examination of pressure vessels. The works should also be equipped
with a suitable heat-treating furnace having satisfactory means for
temperature control.

Alternative arrangements which, in the opinion of the surveyors,

BOILER CONSTRUCTION 309

ensure an equally high standard of q#ality control may be submitted
for consideration. :

Preliminary tests to demonstrate the quality of the welding work
are to be carried out by the firm under the supervision of the
surveyors. The test requirements will be based on the grades of
steels, and on the welding process to be used; the grades of rolled-
steel plates shall be grouped as follows:

Group 1. Carbon and carbon manganese steels, specified minimum
tensile strength not exceeding 500 N/mm?.

Group 2. Carbon and carbon manganese steels, specified minimum
tensile strength not exceeding 500 to 520 N/mm?.

Group 3. Low-alloy steels.

The maximum plate thickness which would be approved in
pressure-vessel construction would depend on the thickness of the
test plates used in the preliminary tests; the test plates are, however,
to be at least 20 mm thick.

The test plates and the full-size pressure vessel constructed by a
firm - for approval purposés are to be representative as regards
materials and approximate shell thickness of the production vessels
for which approval is desired.

The welded seams of the test plates are to be radiographed and the
Surveyors are to select portions of the test plates containing the
welded joint from which specimens are to be provided for the
following tests: ‘

1. (a) Tensile
(b) Bend
(c) Hardness
(d) Impact }For Class I application and for steels in groups
(e) Fatigue § 2 and 3.

2. Micrographs at 100 and 300 magnifications, of weld centre,
fusion zone and parent plate. For Class I application and for
steels in groups 2 and 3.

. Macrograph of full section weld.

. Chemical analysis of deposited weld metal.

. Chemical analysis of test plates.

Ou b 00

Note: Where the welding is carried out by an established and
approved process, the fatigue tests and micrographs, 1(e) and 2
above, will not in general be required. Further, as an alternative to
5, a guaranteed analysis obtained from the steel-makers will be
accepted.
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If a firm intends to manufacture boiler drums or shells either of a
different group of steel, or by means of a different welding process
than used in the preliminary tests on which the original approval was
based, further tests will be required to cover the proposed welding
procedure. In such cases, full details of the material, plate thickness
and welding process proposed are to be submitted for consideration
when the requirements for further preliminary tests will be indicated.

Where firms desire their name to be included in Lloyd’s Register’s
list of firms recognised as experienced manufacturers of Class I
fusion-welded pressure vessels, they should make application at the
initial stages of having their works approved. In addition to the
preliminary tests, a full-size pressure vessel is to be constructed in
accordance with the requirements of these Rules for Class I fusion-
welded pressure vessels under the supervision of the surveyors.

On completion of the inspection and tests, the surveyor’s report
including the results of the preliminary tests and also, for Class I
approval, the results of the tests of the full-size pressure vessel, is to
.be submitted for the consideration of the Committee of Lloyd’s
Register. The report should also include the radiographs and
particulars of any fusion-welded pressure vessels previously
constructed by the firm.

Routine tests for Class I fusion welded pressure vessels

Two test plates, each of sufficient dimensions to provide one
complete set of specimens, should be prepared for each pressure
vessel. They should be attached to the shell plate in such a manner
that the edges to be welded are a continuation and simulation of the
corresponding edges of the longitudinal joint. The welding process,
procedure and technique are to be the same as employed in the
welding of the longitudinal joint. Test plates are to be so supported,
during welding so that warping is reduced to a minimum.

Alternatively one test plate may be prepared to provide all the test
specimens and for retest pieces (see Figure 11.26).

The test plates are to be straightened before being subjected to
heat treatment, and for this purpose the test plates may be heated to
a temperature below that required for the final heat treatment.

Test plates need not be prepared for the circumferential seams,
except in cases where a pressure vessel has circumferential seams
only, or where the process for welding the circumferential joints is
significantly different from that used for the longitudinal joints; in
such an event, one test plate is to be prepared having a welded joint
which, so far as possible, is a simulation of the circumferential seams.

BOILER CONSTRUCTION 311

The test plate is to provide all the test specimens required, as in
Figure 11.26. !

Where a number of similar vessels are made at the same time it
will suffice if test plates are provided for each 30 m of circum-
ferential welded seam. The test plates are to be cut from the shell
plate or plates forming the appropriate seam and before- being
detached are to be stamped by the surveyor.

When there is insufficient material available on the shell plates for
the provision of test plates, acceptance may be given to test plates .
cut from another plate provided this plate is from the same cast and
in the same heat-treatment condition. The thickness of test plates is
to be the same as that of the pressure vessel. ‘

One set of test specimens is to be cut from the test plates as shown
in Figure 11.26 for Class I pressure vessels. The results of the tests
are to comply with the requirements detailed in the following

‘paragraphs.

Retests

If any of the tests fail, the reason for the failure shall be investigated
and two retest specimens shall be prepared and tested. Where two
test plates have been prepared, the retests are to be cut from the
second test plate. If it can be shown that the failure of the initial test
has resulted from local or accidental defect and the retest values are
satisfactory, the retest values may be accepted.

Tensile test for all-weld metal. Specimen No. I

One all-weld-metal tensile specimen shall be taken for Class I pressure
vessels having a shell thickness not exceeding 70 mm. Where the shell
thickness of a Class I pressure vessel exceeds 70 mm, two such
specimens shall be taken one above the other.

* Rad 05d

-—5d

Figure 11.27 Specimen No. 1 tensile test
for all-weld metal

050

The diameter of the all-weld-metal test-piece at the reduced
parallel position is to be not less than 14 mm except in the case of
thin. plates where the largest practicable diameter should be used.
The gauge length of the test-piece is to be five times the diameter.

The dimensions of the all-weld-metal test specimen and their
location when two specimens are used are shown in Figure 11.27.
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The tensile strength of the weld metal is to be not less than the
minimum and not more than 145 N/mm? above the minimum
specified for the plate.

The percentage elongation 4 shall be not less than given by

_980—R _100—R
21.6 2.2

where R is the tensile strength in N/mm?.

In addition, this elongation shall be not less than 80% of the
equivalent elongatlon spec1fxed for the plate.

Transverse-bend test. Specimen No. 2

Two bend-test specimens of rectangular section are to be cut from
the test plate transversely to the weld, one to be bent with the
outer surface of the weld in tension, and the other with the inner
surface in tension.

The spec1mens shall have a width equal to 1.5 times the thickness
of the specimen and the mid-portion is to coincide with the centre
line of the weld. The edges shall be rounded to a radius not
exceeding 10% of the thickness.

Where the plate thickness does not exceed 25 mm the thickness
of the specimens shall be the full thickness of the plate: Where the
plate thickness exceeds 25 mm the specimens, in all cases, shall have
a thickness of 25 mm and shall be prepared by discarding metal from
the surfaces which will be in compression when the test is applied
(see Figure 11.28).

Where the thickness of the plate permits, the bend specimens may
be prepared as shown in Figure 11.29.

For each specimen the weld reinforcement should be removed by

. /OUTER SURFACE
s SPECIMEN\\ / } 1 J
i 2T K DISCARD |
(a) ) fe—15t—]
N /___DISCARD
SPECIMEN B Z
\ ~NJ
\INNER SURFACE s —

(b)

Figure 11.28 (a) Normal bend specimen
(b) Reverse bend specimen
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Figure 11.29 Spencimen No. 2 bend tests
Normal and reverse bend specimens, cut from single piece of plate

grinding or machining so that the outer and inner surfaces of the
weld are flush with the surface of the plate.

The specimen shall be mounted on roller supports with the centre
of the weld midway between the supports. A former, with its axis
perpendicular to the specimen, shall bend the spécimen by pushing
it through the clear space between the supports. The diameter of the
former and the clear space between the supports will depend on the
thickness of the specimens and these dimensions are shown in Table
11.3 in terms of ¢, the thickness of the specimen.

Table 11.3
Diameter of Clear mace
Minimum specified tensile strength of plate former bethb%on
supports
N/mm? (kgf/mm?)
<460 (<47) 2t 4.2t
> 460 <510 (>47<52) 3t 5.2t
> 510 <620 (>52 < 63) . 4t 6.2t

After bending there shall be no crack or defect exceeding 1.5 mm
measured across the specimen or 3 mm measured along the specimen.
Premature failure at.the edges of the spec1men shall not lead to
rejection.

Tensile test for joint. Specimen No. 3

One reduced section tensile test specimen is to be cut transversely
to the weld, or in thick plate, as many tensile-test specimens as may
be necessary to investigate the tensile strength throughout the whole
thickness of the joint. The weld reinforcement should be removed by
grinding or machining so that the outer and inner surfaces of the
weld are flush with the surface of the plate. The dimensions of the
reduced section tensile test specimens are shown in Figure 11.30.
The width B at the reduced section shall be at least 25 mm.
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Figure 11.30 Specimen No. 3 tensile test for joint :
B = Not less than thickness of plate with a minimum width of 25 mm

Where the plate thickness exceeds 30 mm the tensile test may be
effected on several reduced-section specimens each with a thickness

of at least 30 mm and a width at the effective cross-section of at

least 25 mm. ! ‘ :
The tensile strength obtained shall be not less than the minimum
specified tensile strength for the plate material.

Macro specimen. Specimen No. 4

Macro-etching of a complete cross-section of the weld including the
heat affected zone shall show a satisfactory penetration and fusion,
and an absence of significant inclusions or other defects. Should
there be any doubt as to the condition of the weld as shown by
macro-etching, the area concerned shall be microscopically
examined.

Notched bar impact test. Specimen No. 5

Three Charpy V-notch specimens are to be cut transversely to the
weld, parallel to the plate surface and at midplate thickness. The
notch is to be cut at approximately the centre of the weld, and the

1 1
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Figure 11.31 Specimen No. 5 Charpy V-notch impact test specimen
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axis of the notch is to be perpendicular to the surface of the plate.
The dimensions of the specimens are as shown in Figure 11.31.
The average energy value from the Charpy V notch test specimens
is to be not less than 27] when the temperature of the specimen at
the time of test does not exceed 50°C.
Where it is proposed to use impact tests other than the Charpy V-
notch type, details are to be submitted for consideration.

NON-DESTRUCTIVE EXAMINATION

Radiographic examination

The extent of the radiographic examination of the welded seams in
Class I pressure vessels shall be as follows.

All butt-welded seams .in drums, shells, headers and pipes and
tubes over 170 mm outside diameter, together with the test plate or
plates, shall be subjected to 100% radiographic examination. For
circumferential butt welds in extruded connections, pipes, tubes,
headers and other tubular parts 170 mm outside diameter and less,
10 per cent of the total number of welds shall be radiographed.

Butt welds in furnaces, combustion chambers and other pressure
parts for fired pressure vessels under external pressure, are to be
subject to spot radiographic examination.

Where the surface finish of any weld which has to be radiographed
is such that it will prevent accurate radiographic examination,
the surface shall be machined or ground to provide a smooth contour

~ to the Surveyor’s satisfaction.

Lead-type shall be fixed to the plate adjacent to the weld so that
each radiograph is marked in such a way that the corresponding
portion of the welded seam can be readily and accurately identified.

The length of weld covered by each exposure shall be such that
the metal thickness along the incident beam at the extremity of the
exposure shall not exceed the actual thickness by more than 10
per cent.

Penetrameters (image quality indicators) of an approved type are

to be placed at each end of each radiograph and on the surface of the
plate facing the source of radiation.
. Penetrameters of the step-hole type are to be placed alongside the
welded seam parallel to its length and shall have a hole in each step
of a diameter corresponding to its thickness at that step or shall have
some similar device whereby the step thickness can be identified
when the radiographic film is examined.
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The radiographic technique employed is to be such that the
smallest diameter hole visible in the radiograph shall not exceed 3 per
cent of the weld thickness for welds not exceeding 50 mm thick, or
2.5 per cent for welds exceeding 50 mm thick. The steps shall bear
these proportions to the weld thickness radiographed and the radio-
graphic technique shall be capable of revealing changes of metal
thickness of these percentages.

Penetrameters of the wire type are to be placed across the weld
and the smallest diameter wire which can be seen in the radiograph
must have a diameter not greater than 1.5 per cent of the weld
thickness, if the weld thickness is between 10 mm and 50 mm and
not. greater than 1.25 per cent of the weld metal thickness if the
thickness exceeds 50 mm up to 200 mm.

The use of gamma rays may be permitted in certain circumstances
when details should be submitted for consideration and approval.
Radiographs shall be examined by the Surveyors on the original films
using a viewing device of suitable illuminating power.

Ultrasonic examination

In Class I pressure vessels where the plate thickness exceeds 50 mm
ultrasonic examination may be accepted as an alternative to radio-
graphic examination. Such examination shall be effected by an
approved operator using an approved technique and an approved
recording system. Supplementary examination by radiography at
selected locations may be required. '

Magnetic crack detection

In Class I pressure vessels the welds on standpipes, compensating
plates, stubs and branches, etc., of ferritic steels'which have not been
radiographed shall be magnetically crack detected at the rate of 10
per cent of such welds. This rate may be increased or decreased at

-the - discretion of the Surveyors. For non-magnetic materials dye

penetrant examination will be accepted.

Repairs to welded seams

In the case of Class I pressure vessels when non-destructive tests
show unacceptable defects in the welded seams, the defects shall be
repaired and shall be shown by further non-destructive tests to have
been eliminated to the Surveyor’s satisfaction. ’
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* Post-welding heat treatment

All Class I pressure vessels of carbon and carbon-manganese steel
over 20 mm in thickness, and all of low alloy steels, are to be
efficiently heat-treated on completion of the welding of the seams
and of all attachments to the shell and ends, and before the hydraulic
test is carried out.

Heat treatment is to be carried out in a properly constructed
furnace which is efficiently maintained, has adequate means for
temperature control and is fitted with pyrometers which will
measure and record the temperature of the furnace charge. The heat
treatment is to consist of heating the vessel slowly and uniformly to
a suitable stress-relieving temperature, soaking for a suitable period,
followed by cooking slowly and uniformly in the furnace to a
temperature not exceeding 400°C and subsequently cooling in a
still atmosphere. The temperature and soaking periods are to be
selected which will relieve residual stress without undue reduction
of the properties of the material.

Recommended soaking temperatures and periods are given in

Table 11.4.

Table 11.4

Time at temperature per 25 mm

T ! ¥
ype ofstee Soaking temperatures of thithness
Carbon and carbon-manganese 580—620°C 1 hour (1 hour minimum)
1 Cr % Mo 620—660°C 1 hour (2 hours minimum)
2% Cr 1 Mo 650—690°C 2 hours (2 hours minimum)

In cases where other materials are used for pressure-vessel
construction, full details of the proposed heat treatment are to be
submitted for consideration.

Where pressure vessels are of such dimensions that the whole
length cannot be accommodated in the furnace at one time, the
pressure vessels may be heated in sections provided sufficient over-
lap is allowed to ensure the heat treatment of the entire length of the
longitudinal seam.

Test plates should be heat treated in the same furnace and at the
same time as the pressure vessels which they represent. In special
cases, however, it may be permissible to heat treat the test plates
separately from the pressure vessels provided the surveyor is satisfied
with the means adopted to ensure that the following factors will be
the same for the pressure vessels as for their respective test plates:
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Rate of heating

Maximum temperature

Time held at maximum temperature
Conditions of cooling.

Where it is proposed to adopt special methods of heat treatment,
full particulars are to be submitted for consideration. In such cases
it may be necessary to carry out tests to show the effect of the
proposed heat treatment.

Hydraulic test

Boilers, together with their components, shall withstand the
following hydraulic tests without any sign of weakness or defect.
Having regard to the variation in the types and design of boilers,
the hydraulic test may be carried out by either of the following
methods:
1. The boiler on completion shall be tested to a pressure of 1.5
times the design pressure, or
2. (a) Where construction permits, all components of the boiler
shall be tested on completion of the work including heat treat-
ment of 1.5 times the design pressure. In the case of components
such as drums or headers, which are to be drilled for tube holes,
‘the test may be made before drilling the tube holes but shall be
after the attachment of standpipes, stubs and similar fittings and
also after heat treatment has been carried out. : '
(b) Provided all the components have been tested as in ()
above, each completed boiler after assembly shall be tested to
1.25 times the design pressure.

Where any of the components have not been tested as in (a) -

above, each completed boiler after assembly shall be tested to 1.5
times the design pressure.

MANUFACTURE OF FUSION-WELDED PRESSURE VESSELS

The following general requirements are applicable to all classes of
fusion-welded pressure vessels.

Welding consumables

~ All consumables intended for use in the welding of pressure vessels

are to be stored in a dry place. In order to ensure that the quality of
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the welding consumables is consistently maintained they are to
be subjected to a regular system of periodic testing and inspection.
Where routine tests are frequently carried out in respect of pressure
vessels made in the normal course of production, such tests may be
regarded as meeting the requirements of this paragraph.

Welding equipment

All welding plant and auxiliary equipment shall be maintained in
good working order and adequate means of measuring current shall
be provided. In the case of machine welding, means shall be provided
for measuring the arc voltage. All electrical plant used in connection
with the welding operations shall be adequately earthed.

Plate cutting

Plates shall be cut to size and shape by machine flame cutting and/or
machining. Where the plate thickness does not exceed 25 mm, cold
shearing may be used provided that the sheared edge is cut back by
machining or chipping for a distance of one quarter of the plate
thickness, but in no case less than $ mm.

All plate edges, after cutting and before carrying out further work
upon them, shall be examined for laminations, and also to ensure
that any sheared edges are free from cracks. Visual methods may be
supplemented by other techniques at the discretion of the surveyor.

Forming shell sections and end plates

Plates for shell sections and end-plates shall be formed to the
required shape by any process: that will not impair the quality of the
material. Tests to demonstrate the suitability of a process may be
required at the discretion of the surveyors. Shell plates shall be
formed to the correct contour up to the extreme edges of the plate.
As far as possible hot and cold forming shall be done by machine;
forming by hammering with or without local heating shall not be
employed.

All plates which have been hot formed or locally heated for
forming shall be normalised on completion of this operation. If, -
however, hot forming is carried out entirely at a temperature within
the normalising range, subsequent heat treatment will not be
required for carbon and carbon manganese steels. In both instances
alloy steels may, in addition, require to be tempered.

- All plates which have been cold formed to an internal radius less
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than ten times the plate thickness shall be given an appropriate heat
treatment.

Preparation of plate edges and openings for welding

Welding preparations and openings of the required shapes may be
formed by the following methods:

1. Machining, chipping or grinding; chipped surfaces which will

not be covered with weld metal shall be ground smooth after

chipping.

2. Flame cutting.

Special examination will be required for cracks on the cut surfaces
and the heat-affected zones in flame-cut alloy or high-carbon steels;
preheating may be required in order to ensure satisfactory results
when flame cutting.

Any material damaged in the process of cutting plates to size or
forming welding grooves shall be removed by machining, grinding or
chipping back to sound metal. Surfaces that have been flame cut
shall be cut back by machining or grinding so as to remove all burnt
metal, notches, slag and scale, but slight discoloration of machine
flame-cut edges on mild steel shall not be regarded as detrimental. If
alloy steels are prepared by flame cutting the surface shall be dressed
back by grinding or machining for a distance of at least 1.6 mm
unless it has been shown that the material has not been damaged by
the cutting process.

After edges of the plates have been prepared for welding they shall
be carefully examined for flaws, cracks, laminations, slag inclusions
or other defects.

Care shall be taken to ensure that the weld preparations are
correctly profiled. '

Assembly of plates for welding

The plates shall be assembled and retained in position for welding by
any suitable method; tack welds, where used, shall be removed so
that they do not become part of the seam. Correction of
irregularities shall not be carried out by hammering.

Where a root gap is specified the edges of butt welds shall be held
so that the correct gap is maintained during welding.

Where welded-on bridge pieces, or other aids to fabrication are
used, care shall be taken that the surfaces of the material are not left
in a damaged condition after the attachments and rectification of
scars by welding shall be undertaken before applying post-weld
heat treatment.
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Butt welds in plates of equal thickness

The surfaces of the plates at the longitudinal or circumferential
seams shall not be out of alignment with each other at any point by
more than 10 per cent of the plate thickness, but in no case shall the
misalignment exceed 3 mm for longitudinal seams or 4 mm for
circumferential seams.

Butt welds in plates of unequal thickness

Where a drum is constructed of plates of different thicknesses (tube
plate and wrapper plate), the plates shall be arranged so that their
centre lines form a continuous circle. For the longitudinal seams,
the thicker plate shall be equally chamfered inside and outside by
machining over a circumferential distanice not less than ‘twice the
difference in the thicknesses so that the two plates shall be of equal
thickness at the position of the longitudinal weld. For the circum-
ferential seam, the thicker plate shall be similarly prepared over the
same distance longitudinally. ' '

‘For the circumferential seam, where the difference in the thick-
nesses is the same throughout the circumference, the thicker plate
shall be reduced in thickness by machining to a taper for a distance
not less than four times the offset so that the two plates shall be of
equal thickness at the positon of the circumferential weld. A parallel
portion may be provided between the end of the taper and-the weld
edge preparation; alternatively, if so desired, the width of the weld
may be included as part of thé smooth taper of the thicker plate.

Plates welded prior to forming

Seams in plates may be welded prior to forming, provided that on
completion of forming and subsequent heat treatment they meet the .
specified mechanical test requirements and that they are examined
radiographically throughout their length after forming. After
forming, the surfaces of such seams in alloy steel parts, also carbon
steel parts over 25 mm thickness, shall be ground smooth and
inspected for cracks by magnetic crack detection, dye penetrants or
other means at the discretion of the Surveyor.

Attachments and fittings

All lugs, brackets, branches, manhole frames and reinforcements
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around openings and other members shall conform to the shape of
the surface to which they are attached.

The attachment by welding of such fittings to the main pressure
shell after post-weld heat treatment is not permitted, except where
the material involved is mild steel. In such cases welding will only be
permitted provided it is necessitated by the method of construction
being employed and prior approval of the surveyor must be obtained
before any welding is carried out. In no circumstances is any welding
to be done after heat treatment on vessels made of carbon or carbon-
manganese steel with tensile strength exceeding 510 N/mm? or of
alloy steel.

Attachments and fittings

When fittings, lugs. and also flats and other attachments for
supporting internal and external components, are welded to the main
pressure shell, the welding is to be of comparable standard to that
required for the vessel and the material used is to be of compatible
composition.

The finish of all welds attaching pressure parts and non-pressure
parts to the main pressure shell is to be such as to permit satisfactory
examination of the welds. In the case of Class I pressure vessels these
welds are to be ground smooth, if necessary, to provide a suitable
finish for crack detection tests which are to be carried out to the
Surveyor’s satisfaction on completion of the hydraulic test.

Welding of main seams

When welding with the manual, semi-automatic, metal-arc or
submerged-arc welding processes, the following requirements shall be
applied. When other processes are utilised it may be necessary to
modify or amplify these precautions to ensure satisfactory work-
manship.

All surfaces to be welded shall be thoroughly cleaned of scale,
rust, oil or other foreign matter down to a clean surface for a
distance of at least 12.5 mm from the welding edge. Welding grooves
shall be similarly cleaned.

Unless otherwise approved, seams shall be welded from both sides
of the plate. When manual or semi-automatic arc welding is
employed, the metal at the bottom of the first side shall be removed
by grinding, chipping, machining or other approved methods so as to
provide clean sound metal on which to deposit the subsequent welds.
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The welding procedure for a butt joint welded from one side of
the plate shall provide complete fusion. Special care shall be taken to
ensure that the root is properly fused and that distortion due to the
contraction of the weld metal is minimised.

Backing strips if used shall be of the same nominal composition as
the plates to be welded and shall be removed and the surface dressed
smooth by grinding prior to radiography.

The roots of butt joints and seams welded from one side of the
plate shall be dressed smooth by grinding and before radiographic
examination. The dressed surfaces shall be examined for root defects.

Each run of weld metal shall be thoroughly cleaned and all slag’
removed before the next run is deposited.

After welding has been stopped for any reason, care shall be taken
in restarting to ensure that the previously deposited weld metal is
thoroughly clean and free from slag, and that there is proper
penetration into the plates and the previously deposited weld metal.
Welding shall be carried out in the downhand horizontal position.
In the case of circumferential seams means shall be adopted to ensure '
compliance with this requirement. Fillet welds shall be made so as to
ensure proper fusion and penetration of the weld metal at the root of
the fillet. Not less than two runs of metal shall be deposited at each
weld affixing branch pipes, flanges and seatings.

The arc shall be struck only on those parts of the parent metal
where the weld metal is to be applied or of the welding metal already
deposited. Accidental arc strikes are to be removed by grinding
followed by magnetic particle or dye penetrant testing to the
Surveyor’s satisfaction. Preheating is "to be employed when
necessitated by the joint restraint, thickness of the plate and
composition of the material to be welded.

On completion of the welding,-the seams -are to be thoroughly
examined before beirig dressed or machined. Parts showing evidence
of blow-holes, slag inclusions, unsatisfactory penetration, porosity or
any other defect are to be cut out and- rewelded, and undercutting
made good.

The outer surfaces of the welds may be flush with the surfaces of
the plates joined, but no ob_]ectlon will be raised if the total thickness
at the centre of the weld is greater than the thickness of the plates,
provided the change of section is gradual.

In cases_where it is proposed to adopt fusion welding processes in
which it may not be possible to comply fully with the foregoing
requirements regarding technique, full particulars are to be submitted
for consideration. . ‘
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Tolerances for cylindrical shells

The shell sections of completed vessels shall be circular within the
limits defined in Table 11.5. Measurements shall be made to the
surface of the parent plate and not to a weld, fitting or other raised
part.

Table 11.5 Tolerances for cylindrical shells

Nominal internal diameter Difference Maximum
of vessel (mm) " between max. and departure from
min. diameters designed form
Over Up to and mm
including
— 300 1.0 per cent of 1.2
300 460 internal 1.6
460 600 diameter 2.4
600 900 3.2
900 1220 4.0
1220 1520 4.8
1520 1900 5.6
1900 2300 19 mm 6.4
2300 2670 7.2
2670 3950 19 mm 8.0
3950 4650 19 mm 0.2 per cent of
4650 0.4 per cent of vessel diameter
vessel internal ’
diameter

Shell sections shall be measured for out-of-roundness either when
laid flat on their sides or when set up on end. When the shell sections
are checked while lying on their sides, each measurement for
diameter shall be repeated after turning the shell through 90° about
its longitudinal axis. The two measurements for each diameter shall
be averaged and the amount of out-of-round calculated from the
average values so determined.

There shall be no flats or peaks at welded seams and any local
departure from circularity shall be gradual.

The external circumference of the completed shell shall not depart
from the calculated circumference (based upon nominal inside
diameter and the actual plate thickness) by more than the amount
shown in Table 11.6.

In assessing the out-of-roundness of pressure vessels, the difference

‘between the maximum and minimum internal diameters measured at

one cross-section shall not exceed the amount given in Table 11.5.
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Table 11.6

Outside diameter (Nominal inside diameter plus twice

3 Cir 7
detiich phite hickness) ircumferential tolerance

300 mm up to and including 600 mm +5 mm
Over 600 mm + 0.25 per cent

The profile measured on the inside or outside of the shell by

means of a gauge of the designed form of the shell and having a

length equal to one quarter of the internal diameter of the vessel,
shall not depart from the designed form by more than the amount
given in Table 11.5.

WATER TUBE BOILERS — CONSTRUCTION AND ERECTION
PROCEDURE ‘ '

As a basic design we will describe the modern external superheater
type boiler. More often than not, two or more are built at the same
time, and work progresses to a definite routine.

Many boiler makers order their drums outside, but if this is not
being done, the first and most involved items to be constructed are
the steam and water drums.

Assuming the boiler plans have been submitted and approved by
the Classification Authority the first step to be taken in the con-
struction of the drums and, in fact, the boiler as a whole, is a visual
examination of all the plates, dished ends, nozzle and ‘header
forgings, and tubes, to verify that they are of correct scantlings and
have been examined, tested and stamped by the inspecting authority
as being in accordance with the plans and material specification.

Drums

The general procedure for drum construction has been described -at
the beginning of this chapter, i.e., the plates for the drums are cut to
correct size and after pressing or rolling to shape are welded and
fitted with ends. After nozzles have been attached and satisfactory
radiographs of all seams witnessed, the drums with test plates are
stress relieved, mechanical tests on the test plates witnessed and, if all
is satisfactory, the drums are hydraulically tested. The drums are
then marked off for drilling, and often drilling jigs are used. Earlier
designs featured tube holes which were not normal to the drum
surface, but in present day practice this has been abandoned.
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Water drums are normally provided with sliding feet, which while
taking care of drum expansion also transfer most of the weight of the
boiler to the tank top. In some designs, however, the boiler proper is
cradled into the casing, which in its turn again transfers the’weight to
the tank top. In both cases, apart from membrane walled types,
flexible connections are embodied between the boiler and the casing
to avoid high stresses and gas leakages occurring through differential
expansion.

Headers

Headers for waterwalls, superheaters and economisers are normally
fabricated from seolid drawn round section steel tube, with ends,
branches, feet and casing connections welded on before stress relief.
After hydraulic testing the necessary machining for handhole plugs,
and the drilling of tube holes is effected.

Tubes

In the past, all water tube boiler tubes were of solid drawn steel.
Nowadays, however, electric resistance welded tubes are used for all
purposes except for downcomers and risers and chrome-molybdenum
superheater tubes, which are normally solid drawn.

The tubes for each row are bent to template, and in the case of
membrane walls are built up into welded panels, it being important
that the tubes are kept clean internally prior to assembly in the
boiler. Superheater and economiser tubular elements are usually
assembled as far as practicable, before being installed in their
operating positions in the boiler casing.

In the case of boilers with expanded-in tubes, it is usual to
perform a light preliminary expanding at a specified early stage in the
boiler erection, and then later to finally expand and bell to a definite
routine. This routine or sequence is necessary to avoid building-in
stresses through increases in tube length which occur during the
expanding operation.

In addition to the expanded-in tubes which are about 50 mm
o.d., most designs incorporate external downcomers of about 250
mm o.d. These are welded-to stubs near the ends of the drums and
ensure adequate circulation in all conditions of steaming. Particular
care has to be taken in the site welding of these large tubes, the welds
usually being proved by radiography on completion.
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Casings
Casings are of two types, double or single. In the first case the boxlcfr
superheater and economiser (if fitted), are double cased to permit
the passage of pressurised combustion air to prevent gas leaks and
reduce radiation of heat into the engine room. In the second case,
the pressure parts form the casing, and all that is necessary is a
backing of refractory between these pressure parts 1.e. membrane
walls, and a light-weight outer casing. . ‘
One of the main advantages of the membrane single-cased bqller
over the double-cased, is that as the pressure parts form the casing,
all parts have similar expansions and no sliding seals are needed.

Superheaters

In the external superheater boiler the all-welded superheat‘er, either
already assembled or in elements, is placed in the convection space
and the membrane or tangent tube walls, are built around it. This is

Set and fit

t
Set support fr% Support top drum Position bottom — Drum to drum

(D)— L
&/
! and bottom lifting uznfempory supports drum \ downcomers
’ s Weld drum to
drum downcomers
as they are fitted

Figure 11.32 Erection of Foster Wheeler Type ESD III boiler
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necessary as the terminal ends of the superheater elements pass
through the side wall en route to their respective inlet and outlet
headers.

It will be noted that in the case of the membrane-walled boiler in
Figure 11.33 the superheaters are prefabricated and placed in situ en -
bloc, and that the tube ends of the membrane side walls and also
part of the front and back walls are welded to stubs which have been
expanded into the steam and water drums. The important question
of superheater supports has been described in Chapter 9.

N

Fit and weld centre RW and front wall
tubes to stubs

Line upR.H'D tubes (12)Weld R HD tubes 12).Complete
thru suphtr.elements tostubs welding of

Eand LE.sidewall .
stubs centre_ —\ Fand LE.rear wall Position primary and secondary suphtr. lugs
toRH U tube stubs

superheater

Fand LE frontwall ~—~ Fand L.E.side wall

Weld leftwall'D'panelsto 2\ Complete L.H. wall

11

tube stubs V\BJ stubs to L.H.centre Z
0

top and bottom drum stubs =/ sealing

Remove top drum stubs

and |.E. suphtr screen tubes Weld suphtr. protection wall sealing strips centre to L.H
P 710 9 <15>’
L.H.to centre

1
Fand |E. suphtr.screen QUb—e_S7@_me[d suphtr. protection wall sealing strips R.H.to centre

centre to R.H.
*  Shrss .
Fand.E=fit initially expand

Figure 11.33 Erection of Foster Wheeler ESD III boiler (continued)
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It is extremely vital that the correct superheater tube material
is used for the various stages of superheat. Cases have occurred
where mistakes have been made due to wrong material identification
_ carbon steel, 1% chrome, %% molybdenum, and 2%% ‘chrome,
1% molybdenum steels being commonly used.

Complete all tube

Position buck stays secure tie backs
expanding :

@ Fit

Fit and weld integral piping
vent and drain stubs

@

Fit and balance

and weld feeders @
weld of downcomers

and risers

Position rear wall
L.and R. panels

O,

Position front wall
LandR. panels

Fix insulation sround (5,

furnace walls AQ
Hydraulic_(53) Weld casing around fzq\Complete outer 5
test 1.5 superheater " clodding

7)_Box upail
openings
and prepare
for shipment

Fix furnace floor tiling_ 5y Clean out
all spaces

Figure 11.34 Erection of Foster Wheeler ESD III boiler (continued)
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Although not always fitted, economisers are nonnaﬂy situated in the ' 1 2 Refl’actories and inSLI lat ion

| s ; -
\ boiler uptake and from the erection aspect can generally be regarded
as an addition. Details of construction, etc have been dealt with in

’ Economisers

. Chapter 9.

|

| : o

i EXTERNAL SUPERHEATER D-TYPE BOILER — ERECTION

| PROCEDURE :

i]l : : Refractories and insulation as used in water tube boilers serve several

;l' Prior to the membrane wall era when D-type boilers consisted of two purposes:

il‘ drlllms, several h.eaders and a h(?st of expanded-in bent tubes, actual (a) They protect the boiler casings from overheating and

‘\' ' boiler construction took p!ace In a more or less stereotyped manner. distortion with possible subsequent leakage of gases into the

\;‘. Nowadays with the adoption of prefabrif:ated membrane walls and machinery spaces; reduce heat losses and ensure acceptable cold

Ml . superheaters, the metbods adopted by‘ different manufacturers are face temperatures for operating personnel. ,
; legion — one even turning .the boiler upside down during the process. ~ (b) They are used to protect exposed parts of drums and headers o
| A stage by stage erection programme l?y Foster Wheeler Power which otherwise could become overheated.

i Products, for one of their ESD III boilers is shown in Figures 11.32 (c) They can be used to form baffles either for protective

i b <o 1134+ purposes or for directing gas flow as part of the boiler design.

! A refractory material is one that will retain its solid state even at
| very high' temperatures, and furnace temperatures as high as 1650°C
have been recorded in marine boilers. From the foregoing it will be
| apparent that the temperature conditions in a furnace must be such
| that refractories are not liquefied, and at the same time conditions
| are adequate for good combustion.

| The basic material of firebricks is naturally occurring clay, the
l type used for firebricks composed of alumina (aluminium oxide),

——tTeT
L _ & 2o

1 silica (silicon oxide) and quartz, the refractory properties varying
considerably and being largely dependent on the proportion of
alumina present.

Insulating materials, as their name implies, are used between
refractories and outer surfaces to ensure acceptable working
temperature conditions for operating personnel. Compounds of fire-
clay, asbestos, magnesia and vermiculite, all having low thermal
conductivities are used for this purpose.

Furnace wall linings, apart from the front walls o