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which in turn are connected back to the boiler drums, there is a
greater possibility of overheating through restricted circulation. This
could show itself in distortion or swelling of tubes.

The side water-wall tubes pass up and over to form the furnace
roof and, having a horizontal portion, are among the first to show
the effect of overheating through water shortage (see Figure 18.23).

Soot blowers are fitted in various positions in the furnace walls or
roof and spaces for them have to be provided through the tubes. This
is effected by putting local bends in the two tubes either side of a

Figure 18.24 Fracture of water wall tube in way of soot blower opening

blower to form the opening. The outer two of these four bent tubes
thus find themselves in a more exposed position in front of the wall
or roof as the case may be. It is well to give these special attention.

Figure 18.24 shows one which failed — the cause in this case was
attributed to overheating, through turbulence at the bends restricting
circulation in the tubes.
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It is of interest to note that although on this occasion fuel was
shut off immediately, water shortage and heat in the brickwork were
sufficient to cause overheating and distortion of the roof tuk')es.

At this juncture a point worth remembering is that if an un-
reported water shortage has occurred, the first tubes to overheat will
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Figure 18.25 Uncovering of downcomers stopping circulation

have been those whose circulation stops first i.e. the ones fed by the
downcomer A which has the highest water exit level from the steam
drum — often the downcomer feeding the furnace side wall (see

Figure 18.25).

MEMBRANE WALLS

As described earlier, membrane water walls are being incrffasmgly
used in all types of water tube boilers. They have r?sulted.m great
savings in refractories and, as the walls form the boiler casing they
have eliminated differential expansion between pressure parts and
casing which necessitated the use of sliding seals. However, there are
disadvantages in practice, firstly a failed tube must be repaired
immediately as the uncooled metal would otherwise burn and gases
would escape into the engine room; secondly, in the event of a
furnace explosion, serious damage is more likely with. membrane
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walls as there is the likelihood of a much greater pressure huild up
before release i.e. in tangent tube designs with refractories and a
thin metal casing these can deform and split under furnace explosion
conditions whereas the much stronger membrane may after
distorting pull the tube anchorages out of the boiler drums with
disastrous results. . '

One might say what has this to do with boiler surveys? The most
usual cause of tube failure is shortage of water and the most usual
cause of furnace explosion is failure to purge. Both of these contin-
gencies should have been prevented by safety devices and although
not- part of the boiler, the efficiency of these devices should be
queried and if possible verified at survey times.

Two of the major advances in modern high pressure water tube
boiler design have been the introduction of mono or membrane
walls, and the abandonment as far ‘as possible of all expanded and
gasketed joints.

Whereas these two innovations have resulted in great savings in the
use of refractories and possibilities of leakages occurring in service,
they have, if boiler water or combustion conditions are neglected
and tube troubles result, produced difficult conditions for repairs.

Membrane or mono walls

Membrane or mono walls were introduced for land power stations
and are being increasingly used in marine boilers. Originally,
experience gained when making the lower parts of furnaces
sufficiently tight to hold liquid ash, proved that this could be done
by welding in steel strips between the floor tubes. Further develop-
ment of this technique resulted in completely gastight furnace wall
panels being constructed by welding together either finned tubes or
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Figure 18.26 Methods of welding membrane walls
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normal tubes with steel strip inter spaced between them (see Figure
18.26). , il

In both methods the longitudinal welds are done by an auto-
matic process and panels of the required size are built up ready for
installation in the boiler in one piece.

Abandonment of expanded and gasketed joints

The expanded joints of tubes to drums and he‘atders are rapidly being
superseded by welded connections. The boiler dr}xm and header
construction embodying a series of stubs, on to which all tubes are
butt welded on site. o

In boilers where expanded tube connections are used it is
necessary to have a series of handholes, each with its own gaskets,
along each header, for tube expander access. Nowadays, with the
welded-on stub arrangement the multitude of handholes can be
dispensed with, and one or two cleaning holes are all that is

necessary.

Operating conditions

It will be apparent from the foregoing that with boilers embodying
these advance features it is more important than ever to operate
them under proper conditions, particularly with regard to feed water
t. )
treztr?uelx)le failure at sea in a boiler of this type, is difficult to repair
owing to the welded construction and lack of ha.ndholes. In the case
of vessels with a single main boiler this type of failure would produce
an emergency situation.

4 b
Temporary repairs to membrane or mono walls at sea (ships
personnel)

The method of tube repair used in an emergency at sea .would
depend principally on whether a competent welder ar}d ma}chlne are
available. If not, the suitable plugs or expandable blind nipples for
each of the failed tubes, should be available a.nd also a supply of
protective refractory to prevent subsequent burning through of the
casing in way of the blanked-off tube.

(a) Ifi;elded repairs. Welded repairs are usually of a_k::*ch nature and
have the advantage that as the tube remains in use it is not necessary
to protect it with refractory. A butt welded patch is preferable, but
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as this, and also any internally fitted patch, are liable, in the hands
of an unexperienced welder, to result in weld splatter entering the
tube bore, it is safer for a quick temporary repair to rely on an
external, fillet welded patch. For repairs of this naturé the defective
part of the failed tube is cut back to sound material and then a patch
piece, preferably cut from a tube having bore equal to the outside
diameter of the failed tube, is fillet welded over the removed section
of the failed tube — the overlap being kept small to prevent sub-
sequent overheating when in service (see Figure 18.27). Subject to a
satisfactory hydraulic test on completion such a repair should allow
the vessel to reach a port where permanent repairs can be effected.

(b) Mechanical repairs. If .a welded repair is impracticable the tube

may be plugged at both ends providing the tube is subsequently
protected by refractory to prevent local burning of tubes and
possibly the boiler casing.

Defective Small

part cut out overlap

Membrane Membrane
Fillet
“weld

Figure 18.27 Fillet welded patch

Tapér plug Figure 18.28 Plugging using taper plugs
Various mechanical plugging methods have been devised by the
boiler designers, but lack of internal access and the high temperature
appertaining at shut down, can make this an extremely unpleasant
and/or lengthy operation. Two methods are described below:
Method 1. Windows are cut in the tube about 62 mm from its
extremities through which wires with taper plugs attached can be
pulled (see Figure 18.28) the taper plugs having been inserted
into the headers via the inspection doors. The plugs are pulled into
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position through bridge pieces inserted across the windows, and
are then pulled up solid by nuts. | I

After both ends of the tube have been plugged in this manner
the whole length of the defective tube and the boiler casing behl_nd
it are shielded from the furnace heat during subsequent steaming
by a thick shield of plastic refractory.

Method 2. Again windows are cut at each end of thé tube
through which blind nipples are inserted and subsequently
expanded (see Figure 18.29).

L

Locating L

set screw \

Window length

Blind Mandrel length-50mm

nipple

Expander rollers { preferably
relieved ) must work down to
here to form anti blow-out collar

Figure 18.29 Alternative method of plugging showing blind nipple expanded in position

It will be appreciated that in this method boiler pressure tends
to blow the plugs out whereas in Method I boiler pressure tightens
the plugs in the hole. It is important to ensure therefore that with
this method the expander rollers project down the bore.of the
nipple beyond the header or drum thickness so t}{at an 1nter.na1
anti blow-out ‘collar’ is formed on the nipple during expanding;
as a double precaution special ‘stepped’ rollers can be used to form
this collar.

As in Method 1, the whole length of the failed tube has sub-
sequently to be shielded from the furnace heat.

Repairs to membrane or mono walls in port

The type of repair whether accepted as permanent or sx.‘:mi-
permanent will depend largely on the availability of -welders skl‘lled
in this type of work. The following pa.ra.graphs describe the various
methods used for making permanent repairs.
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Inserting a new section

The obvious and most straightforward permanent repair consists of

cutting out the defected length of tube along with part of its
adjoining membranes and butt welding in a new section. This repair
entails the services of skilled welders, the removal of casing and

refractory in way of the repair, and accurate weld preparation (see
Figure 18.30). A

See detail B

Furnace side
Section A-A
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Detail B

Step. A
Flame cut as indicated.
Step B
Remove failed section
as indicated and prepare
tin asin detail B.
Step C
Prepare replacement section
from half tinned tube section.
Step D
Insert replacement section,
tack weld.Butt weld tube
ends,then fins.Fit in patch
section and fill with weld.
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Figure 18.30 Inserting new iube section

It is important to note that unless welders skilled in the type of
repair are available, the surveyor should insist that the welders being
employed do a preliminary procedure test to his satisfaction.

Fish mouth tube replacement method

This method, when carefully executed, is also acceptable as a
permanent repair and has the advantage that as all welding is done

“from the furnace it is not necessary to disturb the boiler casing and
- refractory.

The defective part of the tube along with part of its adjoining
membranes are burnt out, as in the previous method. The replace-
ment piece of tube is prepared with its’ top and bottom ends cut off
at 45° (see Figure 18.31) to give access when the replacement is in
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position for welding, from the furnace, the rear part of the two
circumferential butt welds. '

When these rear parts of the circumferential welds have been
satisfactorily completed, wedge-shaped pieces (?f tube are welded
into the two windows, and the circumferential butt weld then
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Figure 18.31 Fish mouth tube replacement method

completed working from the - outside (see Figure 18.31). The
membranes are subsequently closed by welding as in the previous
method. : '

The configuration of the wedge pieces can be Val:led to suit tube
diameter and access required and, if necessary, backing rings may be
used.

The loose ring method

In ports where it is doubtful whether the experience of the wel_der's
justifies their employment on the previous two methods of repair, it
is possible by this ‘loose ring’ method, to make an acceptable repair
of a semi-permanent nature using down hand welding.

In this method (see Figure 18.32) access has to be made all rqund
the tube and loose rings with cupped upper surfaces are sh_d into
posiiion in way of the butts to be welded, so that an 1n<°:xperlenced
welder has a better chance of making a butt cum fillet joint. In all
other aspects the repair is as in the previous two cases. . ,

In view of the extra metal thickness in way of the rings and
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Cut out defective parts as in
previous methods

StepC
Prepare piece of tube to be
inserted cutting back fin to allow
positioning of loose ring at top,
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downhand circumferential welds.
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membrane welds.
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Figure 18.32 Loose ring repair method

possible build up of weld metal this repair could subsequently be the
subject of overheating in service, and on that account the repair
should only be regarded as semi-permanent.

Testing

On completion of any of the foregoing repairs whether temporary or
permanent, the boiler should be subjected to a working pressure
hydraulic test. In the case of the repairs effected in port the welds

should be crack detected and, if possible, X-ray detection equipment
should be used.

REFRACTORIES

There is perhaps a tendency when surveying water tube boilers to
think too much of potential dangers through deterioration of
pressure parts, and not to pay enough attention to the heat retaining
envelope.

The furnace, except for the gas outlet side, is normally completely
bounded by refractories, all wall refractories except the front being

511

Figure 18.33 Front wall defects
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screened by tubes. The front wall with its quarls receives the full
radiant heat of the furnace and on this account usually deteriorates
more rapidly. Figure 18.33 shows what can happen, spalling of the
brickwork, mis-shapen quarls and badly burnt registers.

Spalling and slag formation result in floor build-up which, if
allowed to proceed too far, will interfere with efficient combustion
through flame impingement.

Probably the most important refractory material in the furnace is
that installed to protect the front part of the water drum in way of,
and particularly below, the screen tubes; failure of this refractory
and subsequent exposure of the drum to the direct heat of the
furnace has on occasion resulted in circumferential thermal fatigue
cracking similar to that shown in Figure 18.34, the seriousness of
which necessitated drum renewal.

Figure 18.34 Thermal fatigue cracking of boiler drum

Before leaving the furnace it is always well to ‘spot-light’ the
underside of the steam drum — if this should be visible. Figure 18.34
shows the underside of a steam drum unshielded by refractories

which after many years’ service was found to be seriously affected
by circumferential thermal fatigue cracking.
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Air casings
When leaving the furnace, the bottom of the air casing §hould be .
sighted for accumulations of fuel oil, which on occasion occur
through spillage and leakage, and which are a potential source of
danger. Downcomers and risers usually pass througl} the air casings
and, if of the expanded type, they should be examined for leakage
where they enter the drums.

Water drum

Normally, the internal examination of the water drurr} p_roduces ht.tle
of note in the way of defects. If, however, ir}temal pitting, corrosion
or deposits were observed in the tubes, at either the steam drum or
header examinations, then the lower parts of the tube bores need

" special attention from inside the water drum.

It is well at this point to verify that it is the‘duty of a responsible
official to prove a clear way through the boiler tubes before the
boiler is closed up for further service.

Water drums normally have a manhole door at each end, and the
remarks made regarding the fit of the steam-drum door apply here
also. ) Ly :

Drum ends should be carefully examined prior to leaving the
drum — diligent scrutiny of a drum end by a Surveyor during a
survey revealed serious cracking around the m_a.n_hole which could
well have had very serious consequences. In this instance the (%rum
end, instead of being flanged inwards to take th_e door, was fitted
with a welded-in solid compensatory ring (see Figure 18.351, tihus
transforming the normally flexible end into one with very limited

Figure 18.35 Fractures in drum end
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flexibility, and having a severe stress concentration in the region
where the relatively thin dished portion joins the solid welded-in
compensating ring.

Subsequent investigation in this case revealed the cracking to have
penetrated through 60% of the end-plate thickness. As a repair the
drum end was bumt off and after suitable weld preparation and
under strictly controlled conditions, a replacement conventional
end with flanged-in manhole was welded-on, in situ, with local
preheat and stress relief.

SUPERHEATER WALK-IN SPACE

Following the internal examination of the water drum, it is
convenient to enter the superheater walk-in space, and it is probably
here that, even in the most carefully tended boilers, one is most
likely to find defects. '

The problem of supporting horizontal superheater elements has
always been a difficult one, and there are many different designs of
supports and materials used for the purpose. At the present time it is
usual to find the elements supported by heat-resisting steel spectacle
plates, which to some extent are cooled, through being attached to
special heavy section boiler tubes fitted for that purpose. As
mentioned earlier, these spectacle plates, situated immediately
behind the screen tubes, are apt to bum away and leave the
superheater elements unsupported on one leg, with the result that
the inclination given to the elements for self-draining purposes is
lost.

When this state of affairs is found to exist, provided the tubes are
otherwise sound, it is usual to endeavour to lever the elements
back into their original position and arrange temporary supports,
either of heat-resisting steel strip or refractory built up from beneath.
In later designs the support plates can be renewed without with-
drawing the elements and this of course is a distinct advantage.

Cases of the heavy gauge superheater support tubes cracking
have occurred and it is well to make a special examination of them.
Any cracks usually occur in that part of the tube (X in Figure 18.36)

b

outside the drum thickness, which is slightly thinned by the expan-
ding operation. _

At these points, bearing in mind that the heavy support tubes are
expanded into the top and bottom drums and that they operate with
relatively hot and cool parts of the boiler on either side of them,
bending fatigue stresses can be expected (see Figure 18.36). On

f
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occasions, such stresses, superimposed on locked-up stresses present
in the tubes, through having been originally expan(}ed while in mal-
alignment with their tube holes, have been responsible for fractures.

The recognised successful repair in such cases is to cut out the
fractured part of the tube, insert and lightly expand a new piece in
correct alignment, butt weld it to the sup}_)ort tube, l.ocally stress-
relieve and then finally complete the expanding and belling. :

ﬁ-actufc

Figure 18.36 Location of possible cracking in support tubes

In respect of boilers with external superheaters tr.oubles.are stl}l
encountered with element supports, even in those boilers with-their
superheaters situated in lower temperature zones (see Chapter 9).
Element supports should always be ex‘amlr?ed at bOllf:'I‘ surveys.

Build-up of deposits, as shown cle.arly in Figure 15}.37 1s‘undoub-
tedly the most troublesome defect in supqheaters, if not in water-
tube boilers as a whole. These deposits if allowed to accumulate
can produce high furmace pressures, loss of ‘superheat, poor
combustion and a general deterioration in boiler performance.

The subsequent safe working condition of a sgperheater is to some
extent allied to its external cleanliness and this must therefore be
considered during surveys. In the case(of those that have been
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»c, d 3

Fig’ure 18.39 A burnt-out water tube boiler

operating in a dirty condition special attention should be paid to
those parts through which there is still a gas path, as these have
probably been operating at excessive metal temperatures.

Superheater tubes, even under normal conditions, operate at
higher temperatures than boiler tubes and are more prone to over-
heating, especially so when internal deposits are present, or steam
flow is restricted in any way.

Flaming through screen tubes can produce local zones of high-
temperature oxide scaling in the superheater tube bores; once formed
the scaling further reduces the heat transfer through the tube walls,
oxidation then increasing even more rapidly. This may be due to
dissociation of the highly superheated steam.

It follows therefore that the internal condition of superheater
tubes, as seen from inside the headers, is of little guidance when
assessing their overall condition and, in cases of doubt, selected
elements should be removed and sectioned for examination.

The previous remarks on high-temperature oxide scale formation
in the bores apply also to the outside of the tubes and, although
fortunately a rare condition at a boiler survey, failure of severely
overheated superheater tubes has in several cases resulted in the
destruction of all the boiler, superheater and economiser tubes
through the reaction which ensues when iron burns in highly super-
heated steam. Figures 18.38 and 18.39 illustrate an incident of this
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nature. In this case, overheated tubes reacted with steam until all
boiler, superheater and economiser tubes had been destroyed.
The vessel had water tube boilers of Continental design and was in
port at the time the incident occurred; while the exact sequence of
events was not afterwards clearly established, it was obvious that
trouble had been experienced in maintaining the correct water level
and, for that reason, the oil bumers had been extinguished for a
time. The boiler was not coupled to the steam range and the super-
heater was not being circulated. One of the burners had been
relighted but had been extinguished after about ten minutes, owing
to a blow-back. Shortly afterwards the bojler front became visibly
hot, there was no explosion, and the heat became so intense that the
engineers were obliged to leave the boiler room. These conditions
coniinued for nearly two hours while efforts were made to control
the fire with water hoses.

Several cases' of this nature have occurred and it is generally
thought that failure of a severely overheated superheater tube,
accompanied by the exit of steam superheated to over 649°C is
sufficient to start the reaction, which once started is self supporting,
the iron buming in the steam and the produced hydrogen burning in
air, the combined fire probably lasting until the supply of steam is
exhausted.

Having noted any repairs or renewals required to superheater
tubes, supports and support tubes, etc., and also any further cleaning

necessary, the next stage of the survey is the economiser at the side
and above the boiler,

ECONOMISER

On leaving the superheater access space the condition existing in the
gas space between the underside of the economiser and the rear of
the main bank tubes should be investigated — operating temperatures
are lower here, but defects in refractories are not uncommon,
through water, from water washing the economiser, being allowed to
saturate the brickwork, instead of drying the boiler out, by flashing-
up immediately after water washing.

There is, maybe, a tendency at surveys to treat the economiser as
an accessory to the boiler and to underestimate the importance of its
examination. In some installations an economiser failure necessitates
shutting down the boiler concerned but it is general practice now-
adays to fit bypass arrangements. ;

A typical economiser construction is shown in Chapter 11. The
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water side inspection normally presents no problems alth‘ough, in tﬁe
past when feed regulators came between the economiser and t ?
boiler, fluctuations in pressure were respons%ble for quite a lot o
trouble at the expanded parts of the elemen‘ts in th'e header§. oty
Leakages at the closing arrangements of inspection openings in 1t e
headers occasionally give trouble, usually originating through cdalre ess
rejointing or through defects in th(.e jointing materéal.h Ju c1lou§
welding up of scored openings, recutting of facings and the empd;)y
ment of the correct jointing materials are the normal reme clzs.
Operating with low feed and low fur.mel temperatures ofte}xll resu 2
in sulphurous acid attack on the cast-iron finned surf.aces, t efupp
elements in the lower temperature zones usually being the first to

Figure 18.40 Acid corrosion of economiser elements

Providing that the passage for gas is not unduly impaired ang
the steel tubes beneath the finned section are sound, wastage an
deposits between the cast-iron fins are o.f little concern to the
Classification Surveyor. However, to the shlpowper these proble.ms
mean loss of efficiency and are an indication of incorrect operating

nditions. f
- Apart from the external examination of the finned econ}(imlser
elements and their internal examination as seen througb the e:(ii elf'
inspection openings, the condition insid'e the boxes at either end o
the economiser should be ascertained (Figure 18.41).
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It should be noted that one end of the finned elements is
positively located by a collar and locking ring while the other, to
take care of differential expansion and maintain gas tightness, is
provided with a sliding piston ring joint. While this is good
engineering practice, leakages®at the sliding joint, due to tube plate
distortion and other reasons, have been known to occur, with the
result that there have been accumulations of sooty deposits in the
end-box containing the bare steel element bends.

Subsequently seepage of water from water washing or maybe
steam from soot blowing absorbs the sulphur content of these
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Figure 18.41 General arrangement of economiser showing end boxes

deposits, forming sulphuric acid which vigorously attacks the warm
steel of the bends.

The above description illustrates vividly how unsuspected acidic
deposits can accumulate and attack, by smooth external wasting,
vital parts of the boiler.
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Figure 18.42 Result of a hydrogen fire

Before passing on from the economiser examination, the result of
a hydrogen fire, probably originating through accumulations of soot,
rich in carbon, is shown in Figure.18.42.

AIR-HEATERS

Gas/air-heaters, when fitted, are usually of the tubular or,
alternatively, Ljungstrom rotating plate type. The use of fuels with
high sulphur content raises the dew-point of the flue gases, this and
operation at low outputs for prolonged periods are often responsible
for considerable trouble through acid attack on the gas side of air-
heaters. Figure 18.43 illustrates vividly this type of defect.

It is well therefore to pay particular attention to the condition of
the tubes, at the cold end, of tubular air-heaters. All the effective
parts of the Ljungstrom type of heater are being continually heated
and cooled; there is therefore no localised cold end and, on this
account, this type is not so prone to severe local acidic attack.




L WATER TUBE BOILER SURVEYS AND REPAIRS 523
As with economisers, poor combustion conditions and infrequent
soot blowing, can result in heavy soot deposits with the attendant
risk of soot fires. The nature and amount of carbon in soot varies
considerably and the heat intensity produced in a soot fire increases
with this carbon content.
. 1 Complete buming out of air-heaters, through soot fires is not
o O F d . uncommon, and it is important therefore at boiler surveys to make
k1 sure that soot accumulations are not present. Figure 18.44 shows the
result of a soot fire in an air-heater.
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Figure 18.43 Acidic attack on gas side of air heater tubes

Figure 18.44 Result of soot fire in tubular air heater




9 Tank type boiler surveys
defects and repairs

B <

}lj(or. the purpose of this chapter, a tank boiler is considered as one
aving a large water content with relationship to its volume and in

which the heating surface consists of a cylindrical furnace or firebox -

locate('i in the lower part of the pressure shell.

U.rml comparatively recently, the most common tank boiler in
service was the Scotch boiler. However, during the last decade, the
construction of Scotch boilers has declined and, so far as ca;l be
ascertained, there appear to be no manufacturers currently makin
th%s type of boiler for marine purposes. In modern steam and moto%
ships, Scotch boilers have been replaced either by watertube boilers
by horlzanaI ‘packaged’ tank boilers or by vertical tank type boilers’

The o'rlgmal vertical boilers were riveted and were either of Cross:
tub(? design with a central uptake or of horizontal smoke tube desion
1?yp1cal of the latter is the well known Cochran boiler. Many of th(ifse'
riveted vertical boilers are still in service and the majority Zf resent
day, all. welded, vertical boilers with their fireboxes and smok};-tubes
are b?51cal]y developments of the earlier designs. A type of boiler
differing from the foregoing, in as much as it is fitted with water
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tubes instead of smoke tubes is, however, gaining in popularity.
The original riveted Cochran boiler, a present-day all-welded Cochran
‘Spheroid’ boiler and an all-welded Aalborg boiler which incorporates
water-tubes are shown, for comparison, in Figure 19.1.

The modern horizontal tank boiler can be considered to be a
development of the Scotch boiler, in many respects their
constructional arrangements and design are similar. There are still a
large number of Scotch boilers in service and bearing in mind that
the defects likely to be encountered during surveys of horizontal
boilers are similar to those found in Scotch boilers the latter has been
retained in this chapter as the standard reference. Indeed, many of
the defects encountered in Scotch boilers apply equally to vertical
boilers.

SURVEYS

Tank boilers require to be surveyed at two-year intervals until they
are eight years old, thereafter they become due for survey annually.

In preparing a boiler for survey, there are certain fundamental
safeguards which should always be observed. The most important
of these are listed below, it having been assumed that the boiler to be
surveyed has been taken off range in a proper manner, allowed to
cool down slowly and drained.

1. During the cooling down period, when the pressure gauge
registers zero, the air cock should be opened to avoid the
formation of a vacuum. When an air cock is not fitted, some
other suitable connection to atmosphere such as the upper
water gauge cock and drain cock, should be used.

2. All mountings should be isolated safely from any live feed or
steam ranges so that these boiler mountings can be opened out
for inspection and overhauled. Blanks should, if necessary, be
fitted to secure safe isolation. Care should be taken to ensure
that the ship’s side blow-down valve is shut.

3. Where, in a multi-boilered installation, a common waste-steam
pipe is connected to the safety valve chests of two or more
boilers, a length of this piping adjacent to the valve chest of the
boiler to be surveyed should be removed. This prevents steam
,and hot water entering the off-line boiler in the event of the
safety valves of any other boiler lifting. Spade blanks should not

be used for blanking off waste-steam pipes in these circum-
stances as failure to remove these after the survey could result
in a serious accident.

(Fz)guRre 1:).; Development of vertical boilers
a) Riveted vertical cross-tube c) Welded ]
(b) Riveted Cochran ?d)) Wildi‘dz):lzr;:; Gochran




526 TANK TYPE BOILER SURVEYS DEFECTS AND REPAIRS

4. The top manhole door nuts should be slacked back sufficiently
to allow the manhole door joint to be broken, leaving the dogs
in place. A sharp tap with the large spanner used for slacking off
the nuts will usually start the joint. After this has been done,
the nuts and dogs can be safely removed and the door with-
drawn.

5. When it has been established. that there are no large quantities
of hot water lying in the bottom of the boiler the bottom doors
can be removed.

6. The boiler should not be entered until it has been well ven-

tilated. No person should enter a boiler without authority. .

Some responsible person should always be standing by the man-
hole door when another person is in the boiler.

Before a boiler is surveyed it should be thoroughly cleaned.
Failure to do this may result in serious defects being overlooked.
It is not unknown for surveyors to decline to carry out surveys when
boilers have not been cleaned properly. In well maintained boilers,
some wire brushing and a good hose down may be sufficient to
prepare the boiler for survey; in other cases, where hard scale has
been allowed to form, recourse to chipping hammers and chains
passed between the tubes may be necessary to obtain the cleanliness
required.

If traces of oil are found in the boiler chemical means may hdve to
be adopted to remove them. The ‘fire side’ of the boiler should not
be overlooked at this stage as it is an integral part of the survey to
examine the ‘fire sides’ of furnaces, fireboxes, combustion chambers,
tubes, smoke boxes and uptakes. Smoke-box doors should be opened
out and tubes swept clean. ‘

During the course of the survey, the surveyor s required to examine
the boiler, superheaters, economisers and air heaters internally and
externally together with their safety valves and other mountings. If it
is considered necessary by the surveyor, the thickness of the various
pressure parts such as shell plating and furnace or combustion

* chamber plating may require to be ascertained by drill testing or by

ultrasonic methods. When the boiler is of a type that cannot be
examined internally to the surveyor’s satisfaction, because of inacces-
sibility, a hydraulic test may be called for. A hydraulic pressure test

, is also required when any repairs affecting pressure parts have been

carried out.

When all the recommendations and repairs have been completed,
the boiler is closed up, steam raised slowly and afterwards examined
under pressure. The safety valves should always be adjusted to the
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correct pressure at the first occasion when steam is raised following a
survey. It is often a statutory requirement that before the boiler is
put back into service, the safety valves are to be adjusted to the
approved working pressure (see Chapter 13) and this to be witnessed
by the surveyor. At this time, it is prudent to examine the oil fuel
burning equipment for leaks, verify the efficient working of remote
and automatic controls including low-water alarms and also check
the fuel cut-outs. The water gauges should be tested to ensure they
are working correctly and the accuracy of the pressure gauge should

"be confirmed.

In the case of exhaust gas heated boilers and economisers, it is
usual to allow the ship’s chief engineer to adjust the safety valves at
the first opportunity when the ship is at sea. The engineer is then
required to confirm, in writing, to the inspecting authority con-
cerned that he has done this.

HORIZONTAL TANK BOILERS — DEFECTS AND REPAIRS

Figure 19.2 represents a horizontal tank type boiler and indicates the
various points where defects may be commonly found. These defects
will now be considered in order and suitable repairs will be suggested.

Longitudinal stays

These stays are generally found to be trouble free. Formerly they
were, without exception, attached to end-plates by means of heavy
nuts and washers placed both sides of each end-plate. In recent years,
welded attachments have been adopted either with, or without,
external washers which are also welded in place. When the welding
of longitudinal stays was first introduced some manufacturers
included a light sealing weld internally as shown in Figure 19.2a.
Cracks subsequently occurred in the sealing welds and in several cases
these cracks extended into the bar stay. It is considered that the
reason for the formation of the cracks was severe over-stressing of
the small seal weld on the inside of the end plate as this ‘short

 circuited’ the strength weld on the outside of the end plate. Since

such seal welds have been omitted from boiler design, this defect has
happily become almost unknown. However, it is possible that there
are still some ‘seal welded’ stays in existence and the importance of
being aware of this problem is worth emphasizing.

No attempt should ever be made to repair cracked stays by
welding, the correct repair for such a defect is, of course, renewal of
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Figure 19.2 Defects and repairs to Scotch boilers

This diagram illustrates the parts of a Scotch boiler where defects are most likely to be
found, and which should be carefully examined when the boiler is being cleaned. The
appearance of these defects is shown in the enlarged views on the following pages. The

causes of the faults and the methods of repair are dealt with in detail in the text relating
to these diagrams.
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Figure 19.2g Incorrectly welded stay tube

Figure 19.2h Wastage of c.c. wrapper plate
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Figure 19.2k Wastage due to leakage at tube ends
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Y

Figure 19.2w Local bulge in furnace

Iz

Figure 19.2y Wastage of combustion chamber
bottom wrapper plate due to seam leakages

Figure 19.2z Overheated combustion
chamber backplate

the stay. All-welded stays should be provided with tell-tale holes in
stay ends. These holes should be deep enough to penetrate beyond

the line _of the inside surface of the end plate and beyond any welded
connection of the stay thereto.

Distortion of combustion chamber tube plates (Figure 19.2b)

This defect, if slight, can be detected by placing a straight edge
across the tube ends and sighting the face of the tube plate. The
pushing of the tube plate inwards is caused by overheating of the
tubes, usually attributable to excessive scale or oily deposits. In
extreme cases, signs of leakage of the expanded or welded tube ends

will be evident and when this is found, cracks in welded tube

connections may have occurred.

Figure 19.2x Grooving in furnace neck
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In severe cases special examination of the welded connection of
the tube plate to the wrapper plate is warranted. Where the tube
plates are flanged, ‘grooving’ should be suspected and a check for this
carried out. A

Slight distortion of a combustion chamber tube plate, where no
weld failures have occurred, may not require immediate repair, it
being sufficient to make good any expanded tube leakage. More
serious distortion can only be repaired by renewing the affected
section of the tube plate.

Wastage of shell plating due to defective joint (Figure 19.2¢)

Wastage of shell plating around defective mountings — particularly
feed-check and blow-down valves — where a damp atmosphere has

persisted for some time under lagging or casings is quite common.

This may be caused by a leaking joint, the nuts securing the
mounting to the shell may also be affected which could result in a
dangerous situation arising. In cases where the shell is wasted to such
an extent that repairs are deemed necessary, a welded insert of
material equivalent to the original shell plating, should be fitted. (See
general methods of fitting shell inserts at end of this chapter). The
building up, by electric welding, of wasted areas of boiler shell
plating should not be permitted. '

Wastage at mountings

It is also desirable to consider the advisability of examining the necks
and joints of mountings such as check valves, scum valves, etc,
especially when these are covered with lagging. In a recent case the
necks and joints of the valves were covered with asbestos lagging and
portable plates, and it was only after some persuasion that these were
removed whereupon ‘the scum-valve chest was found to be badly
salted up around the neck. During the chipping operations necessary
to remove the salt, the chest broke away from the neck holding it to
the boiler shell. :

"Wastage of combustion chamber or furnace stays (Figure 19.2d)

This ¢ommon defect, often referred to as ‘necking’, is accelerated
by the straining action imposed on the stays by continual expansion
and contraction of the combustion chamber, or furnace, by
temperature fluctuations. Correct water treatment and avoidance of
-sudden temperature changes plays an important part in arresting such
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wastage. When dealing with wasted stays it should be remembered
that their strength varies as the square of their diameter. Repair, of
course, should always be by renewal.

These short stays may often be found fractured close to the face
of the combustion chamber, or furnace plate. This defect is not easy
to detect particularly in small boilers. Ultrasonic means will locate
any stays which have failed. Broken stays may also be found by
double hammer testing. (This is done by holding a heavy hammer
against one end of the stay while the other end of the stay is struck
with a hand hammer — the holow sound emitted by a broken stay
is easy to detect by an experienced ear). Most welded bar stays now
have tell-tale holes drilled, in their ends as described earlier.

Overheated chamber top (Figure 19.2¢)

The first part of a boiler to suffer from water shortage is the com-
bustion chamber crown. An accumulation of mud, scale or other
insulating material such as oil can also be the cause of overheating.
When distortion of a combustion chamber top occurs, special
attention should be given to the welded connection between the
crown plate and the adjoining tube plate and backplate before
considering the extent of repairs required. The welds connecting the

girder stays to the crown plate should also be examined for cracks
at such times.

Wastage of girder stays, chamber knuckles and girders (Figure 19.2f)

This type of deterioration may still be found in older types of boiler,
the remedy when serious wastage is present is to renew the stays and
also the girders where necessary and to build up the chamber
landings by electric welding and properly bed in the new girders.

Stay tube attachments (Figure 19.2g)

It sometimes happens that screwed stay tubes, on account of
continued leakage, are sealed by welding. This procedure is to be
deplored. Where this condition persists the tubes should be renewed
and in making the repair it may be possible to incorporate a welded
connection prepared in accordance with lacceptable standards.

In modern all-welded boilers, stay tube connections are not a
common trouble spot.
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Wastage of wrapper plates (Figure 19.2h)

This defect is commonly found in neglected boilers and provided the
wastage is not extensive is not a serious matter. The. cause of the
wastage can usually be traced to gross lack of attention to correct
water treatment. Careful correction of the water treatment will
effectively arrest the progress of the wastage. In extreme cases a
portion of the wrapper plate may have to be cropped and rcnewe.d.

Sometimes it is only a matter of wastage around the stays and in
this case the usual repair is to remove the latter and bullq up a
compensating pad on the fire side by electric wszldmg, machn}e -t_he
stay hole and weld in a new stay. It is not considered that this is a
practical form of repair on smaller boilers of the packaged type.

Wastage of tube plates (Figure 19.2j)

Wastage of the ligaments (i.e. the portion of the plate between the
tube holes) may be caused by using wet steam for soot blowing. The
tube ends may also be affected. Occasionally the ends of over-long
tubes may become overheated and new tubes of correct length will
essary as a remedy. :
belrjte)zalb :vrzstage of thz tube plate can be made good by removing
adjacent tubes, building up the wasted areas by electric welding,
grinding down to original plate thickness, remachining any tube holes
affected by the welding and fitting new tubes.

Wastage of front tube plate (Figure 19.2k)

Tube plates which do not form part of a cpmbustion chamber may
become locally wasted on account of leqkmg tubes. Where this has
occurred it is prudent to remove the leaking tubes, build up a’f'fected
tube holes by electric welding rebore the tube holes and fit new
tubes. Since the introduction of expanded and seal welded plain
tubes, this problem has all but disappeared.

Wasted doors flanges and landings (Figure 19.21)

This type of defect remains all too common. Manhple and handhplc
door spigot clearances should receive special attention at each boiler

. examination. The clearance between the spigot on the door and the

flange or landing of the manhole or handhole should not exceed
1.5 mm. (i.e. 3 mm difference between the measurement of the door
and aperture major axes). Leakage from manhole doors has been‘the
cause of serious boiler shell wastage on more than one occasion.
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Particular attention should always be given to the fit of the doors
and to obtaining a good Joint. Wastage of doors can be rectified by
welding, as can wastage of manhole flanging. Wastage of manhole
landing faces as shown in Figure 19.22 can be dealt with by fitting a
false sealing ring. A careful check should be made for strained door
studs, slack fitting or stripped nuts and distorted manhole door dogs.
A badly fitted door can cause a joint to blow out under pressure with
resultant serious injury to personnel.

Wasted collision chock (F igure 19.2m)

The' constant quenching of ashes in coal burning boilers below the -

furnace mouth used to cause wastage of the end plate which, on
account of its smooth nature could easily be missed. This type of
Wwastage can also occur to a lesser extent in oil fired boilers where
damp or humid conditions persist. The wastage can also extend to
the collision chock itself. _ |

In modern packaged type boilers the collison chock is replaced by
cradles or feet, these should always receive special attention as cracks

in the boiler shell in way of these attachments are not unknown.

Grooving of flanged end plates (Figure 19.2n)

Grooving of a fine and sometimes deep nature may be found in °

flanged end plates, a similar defect may be found in older type
boilers in the radius of the inwardly flanged furnace mouth. In
modern boilers having end plates, without flanging, grooving has
been found in the boiler shell plating adjacent to the welded
connection of the end plate to the shell.

Repairs to grooving in end plate flanging can be effected by
cutting out the grooving and, after making a suitable preparation,
completing by welding. In very serious cases where the grooving is
deep or has penetrated the full thickness of the plate it may be
necessary to weld from both sides. (Note: Grooving in boiler shell

plating should not be rectified by welding but by part renewal of the
shell plating).

Wastage due to leaky rivets (Figure 19.2p)

Wastage may be caused to shell and end plates by leakage through
defective rivets in circumferential seams especially if the boiler has
been subjected to rapid steam ‘raising without proper circulation.

R &
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The repair for serious wastage of this nature is to crop back b(:}tlh
the shell and end plates insert new miatcnal, butt welded to ‘f-
original ‘and complete by closing the nveteq seam. Such a repai
should not be embarked upon unless expert boilermakers and riveters

are available.

Radial grooving around stays (Figure 19.2q)

i i ical action caused by
This type of defect is the result of mechanic
varying IZaxpansion of the heating surfaces and may (_levelop a'quund
lower longitudinal stays (see Figure 19.3). The repair for this is to

Figure 19.3 Radial grooving of boiler back plate in way of combustion chamber stays

cut back to sound material and weld in an insert piece, the corres-.
ponding stay is also renewed.

Wastage to shell due to leaking drain plug (Figure 19.2r)

Drain plugs, if fitted, should always be examined. Badly fitted'plugs
are dangero’us and can cause serious extemal_wgstage. Repairs to
seriously wasted shell plating are dealt with by fitting welded inserts,
(see later).

Cracking of furnace at welded connection to end plate (Figure 19.2s)

’ - - u -
A serious furnace failure occurred a few years ago when circum

ferential corrosion fatigue cracking resulted in the rupture and
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collapse of the furnace. The cracks had developed from the water
side and were adjacent to the seal weld. This defect is reminiscent of
that in the earlier section on ‘longitudinal stays’ and in view of the
serious consequences of such a defect particular attention should be
paid to this welded connection at each boiler examination (see

Figure 19.4).

"

Figure 19.4 A photomacrograph of a section taken through a defective connection of the
end plate to a furnace.

An open crack is clearly visible in the furnace plate at the toe of the sealing weld. Lack of
penetration at the endplate connection is also evident &

Where cracks are found, the repair should consist of partial or
complete renewal of the furnace. Merely cutting out the cracks and
repairing by welding cannot be recommended.

The attachment of the front end plate to the new furnace, or of
any portion should be in the form of a full penetration weld.
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Distorted furnaces (Figure 19.2t)

Distorted furnaces are often reinforced by Welded stlffcners.dWheﬁ
fitting these, care should be taken to see that theydextinb vlveess
beyond the affected area. In general st}ffeners, shoul n(l)d be =
than 100 mm in depth and 15 mm in thickness. They shou he w i
scolloped to afford adequate cooling. Their welded attachmen
should be regularly examined.

Uniform furnace distortion (Figure 19.2u)

Overheating and subsequent defomatiop of fl%rnac;s t1s aiwet?llz
caused by the presence of some 1n5}11atmg. medium betwee =
furnace and the surrounding water. This mcd.lum can be st?ma,1 s rz
mud or oil, and its effect may be fur:cher increased (i)yh oc (;vteto
heating due to faulty combustion. It is not proposed, ovzcv::h;m
deal with the causes of the defects,.b‘ut merely to enumerfa e ; i;
The usual way of getting some idea as to whet'hﬁr a urﬁafcrom
passably round is to sight along the corrugations with a torc

Figure 19.5 Water shortage caused this packaged type boiler furnace to overheat and
collapse
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Figure 19.6 Collapse and rupture of Scotch boiler furnace

inside the combustion chamber. If this test shows the furnace to be
distorted (a matter of experience), one of the best methods of
obtaining an accurate idea of how much it has altered from its
original shape is to take a lath inside the boiler and lay it along the
corrugations at say, four points.

No definite rule can be stated as to whether ‘or not a furnace needs
renewal owing to its distorted shape. Age, corrosion, acuteness and
area of deformation, and previeus history should all be taken into.
account. Distorted furnaces may give rise to differences of opinion
when examining boilers, but if the distortion is really serious the
only remedy is to renew the furnace (see Figures 19.5 and 19.6)

'Unidirectional thermal cracking (Figure 19.2v)

Thermal cracking sometimes occurs in furnaces of packaged type
boilers (Figure 19.7) This has been attributed to flame impingement
from a faulty burner which has been allowed to operate in this
condition for some time. The only conceivable repair, when the
cracking is serious is furnace renewal.
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Local bulge in furnace (Figure 19.2w)

Local bulges in furnaces are caused by ov?rhe.ating and rémedled by
cutting out the bulged portion and welding in a new piece. Alter-
natively, it may be possible to heat the bulge and push.lt back to the
original furnace shape. In the latter case, the furnace is cut through
in way of the bulge to facilitate the flow:of the heated material and
the cut is, afterwards, welded.

Figure 19.7 Thermal cracking in packaged type boiler furnace as a result of flame impinge-
ment

On no account should repairs by fitting doubling pl.ates be
contemplated. Locally pitted areas of furnaces can sometimes be
repaired by building up the wasted areas by welding and afterwards
grinding off to a smooth contour. ’
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Grooving of furnace neck (Figure 19.2x)

In older boiler§, grooving may be found to exist in the neck of the
furnace. G.roovmg is a form of corrosion fatigue cracking and is due
to thff existence of cyclic stresses in a material immersed in a
corrosive media.

Repairs consist of cutting out or welding, or, if more serious

cutting right through the plate in way of the grooving and closing the
resultant gap by welding. :

General internal wastage of shell bottom

In neglegted boilers, water which has accumulated through
con‘densatlon is sometimes allowed to remain in the bottom for long
periods, with the result that pitting develops. This, in conjunction
with tbe possibility of an accumulation of corrosive deposits through
poor circulation, soon turns the pitting into wasted areas. When these
areas are large, drill testing and calculations based on the remaining
thlcl‘EnCSS are the best means of deciding whether the shell is still able
to withstand the normal working pressure without repairs.

II3 general, the only satisfactory method of repair consists of
cutting out the wasted material and fitting a welded insert under
controlled conditions. The suggested method is described later in this
chaptf:r. The building up of wasted areas of boiler shell plating by
electric welding should not be permitted. :

On one occasion an ingenious repair was carried out satisfactorily to
a shell bottom which had suffered local wastage over an area of
abcfut 450 X 450 mm. A 500 mm dia hole was cut in the bojler shell
which effectively removed the wasted material. A compensating tube
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mm thk [l_k e _1 L-"plate
12mm thk A o
- shell "
Iy
_____ n
s e e et e e
e L ?
35mm thk. " ) Full
;E | penetration
// L\Monhole
door joint
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Figure 19.8 Repair to wasted packaged boiler shell where internal access is limited
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of Rule dimensions was welded into the aperture and fitted with an
access door as shown in Figure 19.8. The access door and fittings
were approved by the inspection authority and were manufactured
under survey. The door subsequently provided a means of allowing
this inaccessible part of the boiler to be cleaned.

Wastage of combustion chambers (Figure 19.2y)

The smooth wastage of the fire side of combustion chamber bottom
wrapper plates is a particularly elusive type of defect especially in
older riveted boilers. If the plate is judged to be seriously reduced,
drill tests or ultrasonic testing will confirm any doubt.

Local wastage can be rectified by building up the affected area
by welding but great care should be taken in carrying this out as
heavy . deposits of welded material may result in distortion of a
weakened plate. More extensive wastage must be remedied by
cropping back the old material and inserting new.

Overheated combustion chamber backplate (Figure 19:2‘z—)

It is quite common, especially in boilers which are not kept clean, to
find the backplate bulged between the stays. A bulged plate
accumulates scale and mud, and so promotes further overheating and
an extension of the bulge. Provided the bulging of the. plating
between stays is not very extensive and has not stretched the
material in way of the stay holes, so as to cause leakage, the obvious
remedy is to keep the water side of the plating as-clean as possible,
in order to prevent further overheating. :
When the chamber plating is bulged to such an extent that it is
deemed necessary to effect repairs, it is not advisable to fit additional
stays in way of bulges, as they promote the formation of further
deposits and make the plates less easy to scale, added to which the

" extra stays with their nuts form additional local uncooled areas. The

only remedy for plating in this condition, is renewal. :

The partial renewal of combustion-chamber backs is a very
common repair, and a question which sometimes arises is whether
the plating should be cut through the lines of stays or between them.
A factor in favour of the first method is that the welding is in short
lengths between the stay holes and not one long continuous weld,
hence the possibility of fractures from contraction stresses is more
remote. ‘



544 TANK TYPE BOILER SURVEYS DEFECTS AND REPAIRS
VERTICAL TANK BOILERS — DEFECTS AND REPAIRS

In general these vertical boilers are big enough for internal access,
although the lower parts around the firebox are often very restricted
and resort has to be made to the best possible examination through
the small handholes normally provided.

If indifferent feed water has been used, pitting of the firebox and,
to a lesser extent, the shell can be expected. In the case of smoke-
tube boilers, the tubes as well as the shell and furnace crown, may be
affected. In such cases, it is important to ascertain that the stay

‘tubes which tie the flat tube plates together are still in good

condition.

The appearance of tubes can be very deceptive even when visual
examination supplemented by hammer testing ‘is carefully carried
out. A further useful test of thickness is to insert a blunt ended bar
into the tube bore and by levering up and down endeavouring to
dent the bore.

In the case of riveted boilers longitudinal lap riveted shell seams
should always be specially examined at the lap of the plates for fine
grooving and the rivets hammer tested.

Fine grooving and cracking at the lap of the plates of the lap
riveted seams — probably caused through plating straining, under
pressure variations, to become a perfect circle — has, in the case of
several land boilers of this type, resulted in serious explosions (see
Figure 19.9).

As this fine grooving is difficult to detect, and as a precaution
against it being in existence unnoticed, it is recommended that well
rounded grooves be cut on the external surface of the lap seam at
intervals of about 600 mm, and to a depth of about two-thirds of
the plate thickness (see Figure 19.10). This will ensure that if a crack
develops and penetrates through the remaining one-third of the plate
thickness, waming leakage may develop, or the crack will be revealed
when a crack test is applied to the groove,

Whilst concentrating on the internal examination, it is always well
to make a special point of looking for distortion of the heating
surfaces, especially the flatter parts such as the top flanging of
Cochran boiler tube plates which, being horizontal, form a ledge
where scale can accumulate. Overheating through water shortage,
usually results in serious distortion of the furnace or firebox.

The fireboxes or furnaces of vertical boilers are usually connected
to the bottom of the cylindrical shell by what is known as an ‘ogee’
ring. This joggled ring is connected by riveting or welding, at its top

edge to the firebox, and at its bottom edge to the larger diameter .

T
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c.ylindri.ca.l shell. In service this ring being in a zone of little if any
.ar.culatl‘on, forms a receptacle for sludge and corrosive sediments. As
it is subject to considerable straining due to pressure and temperature

ﬂuctu.ations, it is prone to ‘grooving’ which can be of a serious nature
(see Figure 19.11).

Waterspace Weld

Foundation

ring
Plate
gusset
Foundation
ring

Figure 19.11 Grooving of shell and firebox plate in way of ogee and foundation ring

The presence of this grooving can, it will be appreciated, only be
found by careful examination through the bottom handhole doors
in the shell.

'In oil-fired boilers the burner is sometimes fitted below the level
of the foundation seam and if the brickwork protecting this seam
'and the ogee ring is not kept in good cendition, a small amount of
internal scale or muddy deposit can cause overheating of these parts
with subsequent bulging of the ogee ring and severe straining of the
foundation seam. j

Riveted Cochran boiler tube plates are sometimes found to be
grooved at the root of their vertical flanges connecting the tube plate
to the shell (see Figure 19.12).

Figure 19.12 Grooving in flanging of
Cochran boiler tube plate

This 'gro'oving is more prevalent in boilers which are heavily scaled
or Sl'l]‘)‘]ect to continuous pressure variations, as both of these
cond%tlons tend to_produce mechanical straining in the root of the
flanging. When such grooving exists, drill testing or grinding and a
subseql_u?nt crack test will reveal its depth, and if serious, a difficult
proposition for repair is created as the grooving is, in effect, a

| 3
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longidutinal defect in the boiler pressure shell. In the case of riveted
boilers renewal of the tube plate would appear to be the most
satisfactory repair, it being understood that in the case of boilers of
welded construction this defect has not manifested itself.

As mentioned at the beginning of this chapter, one type of vertical
auxiliary boiler utilises water tubes in lieu of smoke tubes. These
boilers (see Figure 19.1), consist of upper and lower closed
cylindrical sections joined to one another by straight water tubes,
enclosed in the lower section is the firebox, the gases from which
pass around the water tubes en route to the uptake, *

Several fatal accidents have occurred involving the detachment of -
the top half shell of such boilers, and whilst making internal
examinations of ‘this type, particular attention should be paid to the
right angled circumferential welded seam between upper tube plate
and shell. Fatigue cracking may well initiate at weld under-cutting, if
any is present, and doubitless is accelerated if the boiler is subjected
to fluctuating pressure; overpressure or cold feed. Careful
examination and, if in doubt, a magnetic crack test will reveal the
presence, or otherwise, of this serious defect (see Figure,19.13).

LR
2PN
A . - WL ST

Fracture

Figure 19.13 Fatigue cracking of boiler shell at tube plate connéctz’on

Figure 19.14 shows the remains of such a boiler after the upper
(steam) drum had been blown off through overpressure. The twisted
and ruptured remains of the upper drum shell plating and crown

" plate are shown in the corresponding illustration, Figure 19.15.

Some vertical boilers have straight vertical smoke tubes expanded
into a flat firebox crown (see Figure 19.16), and this arrangement
especially in neglected boilers used intermittently, is liable to
harbour deposits. These deposits result in local overheating,
relaxation of expanded tube ends and subsequent leakages. Seal
welding overcomes leakages, but if further deposits are allowed to
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Figure 19.16 Vertical boiler with horizontal flat tube plate

accumulate, distortion and cracking between tube holes often occurs
necessitating eventual renewal of the tube plate.

In‘ the cylindrical or hemispherical type firebox or furnace
particular attention must be given to any signs of distortion, and to
thermal cracking at positions where it is judged heat concentrations
are likely to occur when the boiler is being forced (Figure 19.18) or
through scale encrustations being present on the water side. The flue
pipe outlet from Cochran boilers and the flat horizontal tube plate
of some Spanner type boilers are two examples. In the case of the
former, when the cracking is extensive, the usual method of repair is
to weld in a new flue pipe with a flanged extension which takes in
part of the furnace crown (see Figure 19.17).

(T Figure 19.15 T ;
‘ above om and twisted crown plate of steam drum belonging to the boiler shown
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The design of certain boilers having hemispherical furnace crowns
incorporates bar stays between the crown and the flat lower tube
plate. It will be readily seen from Figure 19.19 that any distortion
of the crown through overheating may result in the welded
connections of the stays becoming overstressed.
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| Figure 19.19 Cracking of furnace stay connections

There have been instances where stays which are attached at their
0 lower ends to the furnaces and at their upper ends to the internal
surfaces of the large downcomer tubes by fillet welds have failed at
these connections. Such failures, which invariably occur in the fillet
welds, are difficult to detect. Cutting out the defective welds and
restoring an efficient welded joint is an adequate remedy.

A number of manufacturers incorporate large bore straight down-
(I comers in the design of their boilers see Figure 19.20. In many of
these boilers the steam drum, water drum and intermediate drum, if

Figurc 19.20 Cracks in downcomers
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fitted, are attached to each other not only by stay tubes but also by
stay plates. These plates are extensions of the boiler shell plate.
Differential expansion between the stay plates, the generating tubes
and the downcomers, which are subjected to different thermal
conditions, has resulted in - cracks forming in the downcomers.

Repairs for the various types of cracks likely to be found in the
downcomers are shown in Figure 19.20. As an additional precaution an
expansion slot may be provided in the stay plate adjacent to the
position of the downcomer pipes. The integrity of the smokebox, of
which the stay plate forms a part, being maintained by fitting a
bellows piece in way of the slot. ‘

External examinations

The general use of oil firing in- lieu of coal and also welding of shell
and firebox seams has greatly diminished the incidence of external
defects. In the coal firing days, ashes in and around fireboxes and
accumulations of damp, sooty deposits in uptakes and tubes,
especially in boilers which were idle, were responsible for much of
the external corrosion and wastage defects then encountered.
Commencing the external examination at the boiler crown it is

sometimes found that wastage exists beneath damp lagging around

leaking mountings, and in riveted boilers any bulges in the lagging
should ‘always be investigated, as often they are an indication of a
leaking and wasted seam. ‘

In boilers having smoke tubes, the smoke box should be opened
and tube ends examined for leakages, particular attention being paid
to the stay tubes (see Figures 19.21 and 19.2k).

Further down the boiler it is sometimes found that leaking hand-
hole doors have caused wastage of the door opening and also the
internal jointing faces of the shell. Building up of the shell opening
by welding as a repair is not feasible as, after welding, it is practically
impossible, in most small boilers, to face up the inner jointing
surface. A satisfactory repair can however be made by positioning
inside the boiler a false seating ring for the door, and then fillet
welding it in position working from the outside (see F igure 19.22).

An extension of the shell plating, on some vertical boilers often
forms the lower part of the furnace casing, (see Figure 19.23). This
skirt should be carefully examined as overheating, due to defective

* brickwork, may cause buckling and, in consequence, weakening of

this structure. Similatly, when this plating is situated below the level

-of the engine room platform and is subjected to the corrosive effects

of occasional bilge water and a generally damp atmgsphere, -rapid
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Riveted boiler shell 9mm thick
extensively wasted beneath
combustion chamber up to 7 5mm

deep.

5 i - . .
gure 19.21 Riveted boiler shell extensively wasted beneath combustion chamber due to
Fi,

tube leakage

Weld

A

New
seating
ring

~—Skirt

Figure 19.23 Skirt plate in

Figure 19.22 Repair for leaking vertical boiler

handhole door

wastage can, and frequently does, occur. When examining th-ishiiar;
of the boiler, it should be remembered that the combined weig c;s
the boiler and its contents, which may ge as mucht aas V?:,(l)letrznlr:z:t,ial
i ' Cases have been reporte
supported by this structure. - ot the
llapse of this structure has resulted in som - :
f)(:)il?r) being transferred via the upper shell of the boiler to the rolling

stays and their lugs.
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 Failure of the welding of

ail | g of such attachments » the shel
pl:ieapltat‘e serious cracks in the boiler shell plate. Lxliepaires tso ivlasigg
skirt plating can usually be made quite simply by fitting welded

doublers to restore the strength of the structure.

MISCELLANEOUS DEFECTS AND REPAIRS

Shell attachments

Welded attachments to boiler shells such as cradles, feet and rollin
stay lugs should always receive attention at boiler ;urveys Itisn %
uncommon to find that where insufficient care has been. taken 5
designing and fitting these attachments cracking of the boil hlﬁ
plate has subsequent<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>