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11 ANCHOR CHAINS
Usual method Is to select by visual inspection 3 worst links and calibrats them at

vosition of most wear :
dy
—
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4 ) 0 = Rude diametec
Ares of maddmum woear (vwied I the Regitor)

dy

Whan Dy < 0.865 D This langth of cable to be renewed.

;yct\eck also for loose studs, the lack of a stud reduces the strength of tha fink
30 %.

The welding of studs in anchor cables must be treated with caution, particularty
for grade Q3, whars welding should be avokied. Where welding of high strength
grade Q3 Is necessary an approved weiding procedure should be used
ncorporating low hydrogen electrodes, proheat, and followed up by at least
visual and dye penetrant Inspection as cracking of welded links Is a possibitity
with welding.

12 ANCHORS

Examine axie securing bolts

Yithdraw axde # in doubt of condition,

Wear in anchor head bores - increass axie dlameter

Excossive wear in anchor shank bores or to axie - Ususlly repeired by welding.

Maximum wear 0.885 x original diameter

Check condltion of axie saouring bolts

Check condition of shaclde and hole in shank,

Bert anchors can sometimes be stralghtenad, but following stralohtaning the
anchor should be crack detactod and retested as per Rules - Materials section (lo
proof loading teat).

Retesting should also be considerad following other major repairs likely 1o affect
the strength of the anchor.
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ANCHORS (axies, shacides) - MLW = 26 % of section, whence renewal at 0.888
of original diameter - STEERING CHAINS {(chalns, rods, sheave axdes) - MLW ~
25 % of section, whence renewal at 0.865 of original diameter.

3 LRUDDER CLEARANCES

The simple casa shown liustrates the range of dimensions Involved.

Steering gesr crosshead .

rz(m;;.j/

=

[« 3 ‘I"‘ Rudder Carrier

Maln rudder bearing ())

-———-—%  Jump glunnu (')

Niding washer cle’n‘-nnu(‘))

==

Pintle (6)

Points 1o consider

Dimension (1) must be substantially groater than jump clearance (4) 10 protoct
stearing gear from damaege in the event of grounding of skeg or rudder,

Dimension (2) should ba sufficient to cater for. woar In catrler bearing and
substantially greater than riding washer clearance (5)

' Uusually (1) and (2) are of the order 20 tnm/26 mm on a small/medium size vosset

It the riding washer clearance has reduced then the carrler bearing Is wearing or th:
skeg Is eot up. Check lor teduction In stesring gear crosshead dimension (2) to
verlfy downward dlsplacement,

Ensure no drydock keel blocka In way of skeg.




[image: image3.png]Clearanes of pintle bushes and steady bearings cai Lu determined Ly levlure,
weodges or Jacking against dial gauges:

The need for complete measurements should be obvious from the above. Other
rudder and steering gear arrangements wil huve ditferent wear criterla and i in
doubt the relevant drawings should be checked to determine the necessary
calibrations and running clesrances required. .

The recommended maximum limits of wear are(alvan in the graph,

These limits do not only take Into considerationjthe.functioning of the bearing but
also the effects of "hammering” and damage to the rudder Reell as clearances
Increase. See manufacturers recommandations for speclal rudder designs or the
use of synthetic bearing materlals, paticularly those which sweli on soaking.

To avold Jamming and premature faliure renewed bearings should have adequate
clearance. Special care Is required with those synthetic materials which swell.
Rudder should always be swung In drydock when posslble after repalr to check free
movement.
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{maxinwm 7.5)

»
Type V and VI-| (spade ruadars)

(n\axlmum 6.0)

TOTAL CLEARANCE {mm)

DIAMETER OF BEARING MM

(See maker’s instructions for spocial types eg. "Becker’).

(* See page 45)

3 TWISTED RUDDER 8TOCKS

The following infarmatlon Is given for guidance only. Each Individual casa must ba
consldered separatoly and If in doubt Heed Office consuited belore procoeding with
any repalr.

A = Angle of twist In degreos
L = Length of the stock over which the twist appears uniform
d = dlamster of twisted portion of stock

(1) ForA°< L Stock acceptable for furthar service without any heat
d treatment subject to stock belng fres of cracks or other
defects.

For small angles of twist a “stepped” or larger koy may be considered or a hew
keyway made at approximately 180° displacemant.

(2) For L <A <5l The stock Is to ba strass relleved le. 625°C soaking time
d d 1 hour/25mm thickness.

(3) When A > 5L Stock to be fully annealed ar normalised.
d la. 900°C soaking time >30 mina/26 mm thickness
cooled slowly In the furnace (full annealing) or cooled In
air (normalising).

- The furnace used should be large enough to accommodate the whole stock and
property equippod with calibrated instruments.

- Whera necessary to. make weld repalirs and/or weld up the keyway this wulding
sheuld where possible be made prior to the heat freatment of the stock (which then
“aldo serves as PWHT (Post Weld Heat Treatment)).

On completion of the heat treatinent the twisted poition should be cleaned und
crack-detected by magnetic particie method,

When ropalred as above with satlsfactory results the repalr may be regardod as
permanent. The surveyor's report should precise detalls of heat treatment procodure
carried out.

BENT BUDDER STOCKS

A similar approach to the above may be used on a case by case basls, depending
on whether the bend Is localised or over a considerable length. Consult Head Oflice
for advice.
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(Not applicable to overlay cladding for bearing areas)
The folipwing information is given for guidance only. If In doubt contact Head Office
before commaenging any repair.

4.1 Belore commencing R Is necessary ta determine the chemical analysis of the
stock for weldabiilty. This may be found on the original certificate for the stock but, ¥
this is not avafiable, by analysls of representstive driiings of the stock,

where Carbon Content < 0.25 %
C * < 0.40 % This may be considered
equiv v
weldable
When Carbon Content > 0.25 %
or C gquiv > 0.40 % Seek advice from Head
od Office.

* inthis case C equiv ™ C+ __Meﬂ)

Nota ': If the stock was originally made by welding two parts together it Is normal to
assume that weidablity Is acceptable without further investigation uniess the
problem Is assoclated with a weld fallure when investigation may be prudent.

4.2 Repairs should only be attempted when access Is adequate or preferably with
the stock removed, from the ship.

43 Compiete removal of all defective material s essontial for a sound repair.
Howaever the minimum material should be removed In achleving this. Excavations
should be shaped to allow good access for welding. Typically a “U* Type
excavation, The complete remaval of ail defective material Is to be verified, before
commencing welding, by magnetic particie method ¥ possible but at least by
penetrant method,

44 Welding consumablos should be of an approved low hydrogen. type,
depositing weld metal with mechanical properties similar to that of the parant stock
material.

The weiders empioyed should be experlenced, competent and preferably approved.
The weld procedure to be adopted should preferably have supporting weld
procedure qualification test resuits witnessed by BV or some competent third party
Inspection body.

45 In the absence of an approved weld procedure the following guidelines
should be followod :

- Uss low hydrogen alectrodes,
- Preheat at least surrounding area of weldment la 100"160°C and maintain this

temperature during the welding process.
~ Wolding should, as far as Is practicable be done downhand.
- Welding may ba manual or automallic as appropriate.
- A weld procedure quallfication test should be carrled out In conjuction with the

repalr,

4.6 On completion the surpius weld metal should be removed by machining or
grinding and the repalr surface area smoothed to a satisfactory profile.

As a minimum surface crack detection must be made using magnetic particle
method. Ultrasonic examination for defects In the weld may also be requested
depending on the position and the sxtent of repairs.

4.7 A stress rellef heat trestment must be: carrled out alter compiation of the
repalrs.

625°C with a soaking period 1 Hour/ 26 mm thickness of the repaired sectlon.

(In the event the stock Is 10 be normalised or fully annealed then stress reflef wili not
be necessary so long as normallsing or annealing takes place on completion of the

welding).
For streas rellef it Is preferred to place the stock In a sultable furnace but t may be

acceptable to perform local stress relief with sultable elactric heating elements and
Insulating blankets.

.(Reterence page 42) Spade rudders

fype V Type VI-1





[image: image5.png]8 USE OF "SECOND HAND" FORGINGS
(SHIPS IN SERVICE)

{See technical Note - CN1 1943)

Sometimes i Is possible to use "Second hand” materlal when otherwise a ship could

ba unduly delayed waling for a replacemarnt component,
Usually this consists of using a "USED" or “UN-USED" spare propelier shaft as raw

Nota : Not recommanded for suspended of seml-suspended nudder stocks,

Requirements : 1. Material weldablg C < 0.25.% C gy < 0.40 %

material for a replacement propellershaft or rudder stock.

The following notes are provided lor Guidance :

2. Preparet] diarheter must be at least rule dlameter A If #t s stamped by an 1ACS Member Clasalfication Soclety try to find the
3. 100 % MPI of weld preparation original certiiicate.
4. 100 % UT for possible Internal defects likely to Impalr
the use of the surfaced part B. it this Is not possitie - Test the matarial as par the Rules (Chemical
5. An approved weld procedure : analysis + Mechanical iests).
including - prehent 150°C .
Max Interpass tamp 200°C C.  Ifthe part has been "USED" try to discover Rts history and perform NDT as
18t + 2nd pass filler metal type 309, 3081, 309-Mo required.
or 309L.-Mo
8. Final surfacing runs (minimum 2) filer meta! 316L or D.  When machining a farging remember that the proporties are generally better
371 at the "OD" diminishing towarde the core. It ia therelore recommended that
7. Post heat atter weiding 150°C 8 hours the original diameter be reduced by am maximum of 20 %,
8. Careful machining especially at transition to avoid
siress raisers E. - i bending or straightening operations have to be performed then normalising
9. Final inspection 100 % visual - 100 % DP! - UT ls required afterwards.
Examination for bending: .
F. If the component ls to be welded then thg Chemical analysis must be

: RAule diameter mlnlmum/ /

‘ {corroded area machined as necessary)
Paw

> 8 mm

R > 50 mm

verifled.

C Content 0.25 % max.

CEquiv, 040 % max. (G + Mn)
8

A sultable heat traatment will be requlred. Refer to Section on weld repairs
- Rudder stocks.

If In doubt contact Head Office,
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6.1 QENERAL REQUIREMENTS
- Biige keels should not be weided directly od the shell plating.

- An Intermediate flat Is required of thickness.equal to the biige strake.

- The biige keel and intormediate flat bar are to be thé same grade of steel as the
bilge strake. -

- Connection between the blige ked! and the flat bar Is to be by continuous fillet weld
of throat thickness less or equal 1o that of the fiat bar 1o shell continuous fillet weld.

- The butt weids of the flat bar are to be schieved on'a copper shim (later removed)
in order that no fusion with the sheil takes place.

- The butt weids on the keel are not to extend up to the flat bar, but to stop on a
scallop. The weid in way of the scatlop must be returned and free of detects.

- The ends of the bilge keel and the fiat bar are to be sniped at an angle of 30° and
located in way of a biige stffener.

- As a general rule, blige kel énds are not to be located ki the midship reglon.

Bilge keel

Blge keel The following arrangement
intermediate flat may also be sccepled :
- bar (ground bar)
* displacement
any 2 butt welds

300 mm minimum

82 OTHER ARRANGEMENTS FOUND

821

lum.\‘ /lllth( K1 L ONOUND AR
- rons
LA PLNEIALON

Minimum
300 i [V

PUOE KEEL

VIEW A < A

25 mm crack arresting hole deltod In
blige keet butt weld. Butt wald is not to
penetrate Into the ground bar.

Whelding of butts In ground bar

not to penetrate into shell plating.

Note : Crack arresting hole also allows
visual examination of butt weld penetration.

$.2.2 This arrangement, although stii found on existing ships, Is not now
acceptable for new construction. Any major repairs should where possible be
mada to the latest requirement of the Rules.

B OE KEEL
FLAT BAR
»
WwLLD3

“\snau. \un.oe KEEL Minlmum

VIEWA - A

Butt weld of butt In flat bar Is not to
penatrate Into shell plating.

Butt weld In flat bar or blige keel

not to penetrate into blige keel or fat
bar respectively.

25 mm crack arresting hole drilled
In bilge keel and flat bar butt welds.

Scallop In place
of 25 mm hole

Minimum
300
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NOTE : Regular calibration checks should be made, on the wulirasonfc gauging
Instrument during the procedure to shsure accurdte readings.

72.
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As a general rule the corroalon allowance Is 10 % of rule scantlings over the
complete hull girder (except for vesaels with reduced scantiings - notation "CL" and
vessols with reduced margins lor wastage due to lengthening or increase In
draught),

Since this is never the case In practise:surveyors must use thelr expartise or contact
Head Office when in doutk when considering actual situations. The following

guidelines are given :

7.3.1 The case of an |sglaled plate or panol
- Average wastage = 25 % relptive ta rule thickness
(% thickness loss based

on 3 or § point readings and

allowing for phting etc.)

- Local wastage = 35 %
(pitting)

- Beware of continuous lines of wastage jn transverse direction. Where these are
found It is the residual thickness In this plane which must be congidered - danger of
spiitting/tearing.

- For panel stiffeners the acceptable limit of reduction Is 10 % of the modulus of
tesistance. In the case of the WEB this may be reduced by 25 % % some cases.
Check carefully tha connection of the stiffeners to the plate.

7.3.2 General notes on thickness gauging

- Always request thickness gauging as early as possible in a survey to allow
assessment of the results and a prompt decision on renewals to be made. There
must be the minimum of defay In Informing the owner of major work required.

- The estimated thickness of a piata or panel Is hormally based on the average of 3
gaugings, or 5 gaugings for heavlly corroded areas, these gaugings will normally be
taken, as Indicated In 7.1, but not at the bottom of phtings. The effect of pitting on
the residual average plate or panel thickness must be assessed separately and
deducted from the average gauged thickness to arrive et an estimate of the residual
effactive plate thickness.

- The above mentioned 25 % wear limit for an Isolated plate or panel applles, subject
to the average thickness of that part of the hull being maintained as shown below.
Gaonerally for main members such as : keel, biige strake, sheer strake, deck stringer
(or gunnel plate) a limht of 10 % wastage applled (taking into consideration the
condition of longhudinals).

- With hull thickness gauging there are two things to consider :
A. The overall strength of the hull girder
B. Loca! strength and Integrity of girders, pansls, bulkheads, hatch covers,
coamings, eic.

- Remember, ahove all, even with Head Ofiica advice, #t will be the Surveyor in the
field who must make doclslons about steel renewals, as evorything ofse. This
responsibliity must not be forgotten and serlous consideration must be given whan
&assassing the residual strength of the hull of a ship. It Is never acceptabie to merely
send 1o Head Office some thickness readings, hawever comprehensive, together
with vague comments or recommendations made in the text of a repont ; Surveyors
must provide a conclse broakdown of readings taken, giving detalls of % wasinge of
% residual thickness and average vaiues as appropriate for cross sections. This
report should Justify the surveyor's actions (either scceptance or recommendations
for repalra/renewals). in the case of renewals the effect of the new plates etc. must
be Indicated In the gauging report to show that the residual hull strongth s
satisfactory following repalrs. For the speclal case of surveys carrled out prior to
special survey on tankers (or others), to ascertaln and plan renewals in advance,
amangements may be made for Hoad Office to study the results and decide on
renewals atc,

« Ship size Is very Important: For tankers above about 10,000 DWT and 120 m

length, bending moments and resultant stresses In deck and bottom structure are
high-and these areas requlre special attention. This ls more Important as length
Increases. For ore carriers both bending moments and shear lorces must be
considered, espaclally when alternate holds may be empty. in large tankers due
consideration must also be given 1o shear stresses In sideshell and tongltudinal
butkheads,

For smaller carge ships, leas than 120 m length, hull girder bending Is less

critical.

« For ships with notation *CL". - This notation ls granted to ships which benefit from
reduced scantlings for certain members of the ship’s hull. The wear limits must be
calculated with reference to Rule scantiings without taking Into account these
reductions. A list should be found attached tg the hufl certificate indicating those
parts with reduced scantlings and also glving the values of both rule and actual
scantlings.

Refer to Rules Part | for Survey requirements for ships with notation *CL".

= Ships with reduced marglns tor wastage - in jhe case of ships lengthened or with
anincreass In draught since bullding, there may be reduced margins for wastage le
existing structure may be less than rule scanifings due 1o an Increase In fength or
draught.

In this case calculations must be based on the rule scantlings for the lengthened or
Increased drhught hull. Usually In such a case a note should be found annexed to
the hull certificate detalling the new rule scantlings as applicable.
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Caryo Ship
Bulk oatrist
Tanker
Contalner ship

7.3.4 Corroslon of butt welds

This is more and more common as ships spend longer perlods between
drydockings. The sacriiclal anbdes can be consumed and then certain welds may
bocome anodic to tho rest of the hult and comode at an acceierated rate.

The maximum aliowed depth of corrosion of butt weids Is 2 mm after which time the

welds must e built up by welding.
7.3.5 Corroslon of rivet heads or loosened/leaking riveta

Whare rivet heads are found scrubbed or corrocied, or loosa/leaking they should be
renawod by qualitied personnol. Where new rivets cannot be thied, the heads can be
bullt up by welding.

Whare rows of rivels ara repalred In this way the lap Joint Rseif shall be reinforced by
Continuous welding.

NOTE : To avold probloms with rivetted Joinis & Is recommended that, uniess
rivetting can be competently carried out when hull plating renowals are necossary,
the new butls of seams overlap the uld butts or seams avolding any overheating of
tivels. in this case the adjoining rivetted joints must be falred to the new plate edges
and the welds so made 1o gve a smooth transition. it Is recommended with ihis
type of repalr 1o weld up those tivet heads (ring weld) within 150 inm of the new
walded Joints. l.e. The rivetted joints ate removed when new plates fitted.

CARGO SHIP

Deck plating ontskta ine of opendngs -10 % avernge

b ey
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LM TS OF PLATE DEFORMATIONS BETWEEN SECONDAAY

STIFFENERS (MM)

Ibiamugnnp!luwmmmummmm
unalleglu.ﬂhpnjmm%ngn&hucm
fracturpd, otc.. ropales are required.

S S

Transvorse
Framaos

Longhudinal
Frames

1. Nawbuliding tolerancoes

(approxitnate)

Cargo ships

Passenger shipg

10

15

2, Slammina/pounding

Location : Forward bottom plating
Form: Regular wavos

Record extont, when limh reached a recommend-
atlon ls 1o be madae for re-axamination at next
dock survey,

Finally, plating to renew and relnforce.

60

3. Deformationa from excessive Hull bending
Locatlon : Amidships bottom and deck

Form:  Fold In plating acrogs full breadth.
Waves In plating between floors.

Internal Inspaction necessary. Racopd xtent and
make recommendations as appropriate. Finally,
plating to renew In thicker plate or reinforce as
appropriute,

12+ 0

4. Grounding damage
Locatlon : Bottom and bilgos
Form: Inegular

dofarring of repalrs depends on extent and
poshion of datnage on hull girder. When Internale
are affected repalr must be Immediste.

16 + 1.60

20 + 20





[image: image12.png]5. Skie damags | High stress areayq.
Form : Local impact damage| sheer strake/ 10+e0 15
stringer, ‘but < 20
biiges within 0.5 L
amidshipe
Damages In critical areas of
Hull glirder to be treated Remainder skie
with caution, particulary plating whthin. 12 + 1.5e 20 + 20
ships L > 200 m. 0.5 L amidships
Other areas slight damages
not so serlous when smocth in| Bow, stefh sides
nature and internals not outside 0.5 L 56 56
affected. amidships
6. Tank top buckling
Form : usually regular indents
15 + 1.50 20 + .20

*Nota : Damages or fold in plating across full
breadth constitute a weakness In the hull girder.
The integrity of centre and side girders must be
checked. Proceed as in 3 above..

Limkt of hogging or sagging = t mm/M length for ships whose length < 200 m J

o QUALITY STANDARDS FOR w<=! €D STEEL HULL REPAIRS

Reler to BV Rules and Technical Instructions ITSM NCO1

8.9  BUTTWELDS
9.1.1 Misallgnment

5:__};5:}33

Plates shouid be correctly aligned. But misalignment may be tolerated whaere it

canhot be reduced.

Tolerance : e <10 d=1mm
10<e<20 de=2mm
e>20 d=3mm

Corractive action : falr edges.

2N/
— =3

9:1.2 Maximum gap

RN

Tolerance: e <6 |=3
5<e<1d j=6
e>13 J = 6 (8 for short lengths)
Corrective action ;| < e and < 25
welding permitted (filling as shown)
. Steel back may be
2
} L__\____li: left In some places
Round bar MUST be :
3 { § ? gouged out bafore welding
second side.

Where]}oor>25
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92  ELLELWELRS
[ :
Maxkinum gap. R | "f‘
at = theorelical weld throat
ar = required weld throat
Tolatnnce Cortoclive actlon
j<3 acceptable
3<)<b ar =at + 0.5
8<]<e7 ar = at + 0.5

{lor < 20 % weld longth)

B<]<15 30 min.
and ] < ey
§<)<15 Main hems A
but > e - fiiling on L :
removable backing

Secondary tems
- liling on fixed back as In A

-or: g P—
B

—

T—[ h 1 ::2
8> 0p IE«;—T:

ey o)

Main tems | > 156
FIT AN INSERT

Secondary tems | > 20

NOTE : B Liners forbidden in high stress areas
or areas subject to vibration.

A Building up on H.T. steels Involves risk of hardening.

9.3 Alignment

Tolsrunce 1 d < e

(e = thicker plmo)2

f— d
Corrective actlon : Realign '
{Mumboras should be correctly aligned. Misalignmert d < 0.5e may be tolerated
whaere R cannot be reduced).

k
94 Wolding undercus 1 Wi
Tolerance : Corrective nction

k < 0.6 mm scceptable

main structure 0.5 < k < 1 mm
length of undercut < 100 mm/m acceptable
> 200 mm/m wold up

Secondary structure 0.5 < k < 1 mm
length of undercut < 200 mm/im pccoplable
> 200 mm/m wold up
k> 1mm wold up

NOTE : FOR H.T. STEELS
MINIMUM ELECTROPDE DIAMETER : 4 mm





[image: image14.png]95 Inserts 952 |n middle of plate
9.5.1 On plate edges

For shell plating BUTT welds - Minimumwidth = 1 m s ® Radlus 50 min.
Others - Minimum width = 300 mm or 10e (when e > 30) b
No joint In plating should be closer than 100 mm to a previous filet weld. A Band C > 300 of 108 1 ¢ 1 2
Seam | Lj
4 A

9.5.1.2 )
AandC Radiug 50 min.

> 300 or 10e 1

95.1.3

A>tm
{preterred repalr on g
large ships when

concerning sheerstrake, A
slringer or bilge)

9.5.1.1 g 2 Radiius 60 min.
AandC _
> 300 or 106

[~ 1

Butt

95.1.4 g
C > 300 or 108

(NB : Welding sequence " 1 2 3 4)




[image: image15.png]98  Cut:ouls in main siruciuce
9.6.1 Minimum diameter 100 mm or 100
N

%

9.6.2 Blanking holes by means of a weidable miidsteel
splgot - Main and secondary structure

2.> 150

NN\ $2%:
o

100e |
e NNN\ZZ

9.6.3 Blanking holes by means of & weidable midsteet plug.

Main and secondary structure
2

A
7 AN

Nz

-D < 100 mm D < 100

97 Blaokina holes - Secondary sltucture

M —1e
L“T*‘l‘a_;',

D > 100 (or 106 min)
9 >0

6.7.2 Rat-holes

ey >e Radlus > 40 mm




[image: image16.png]9.8 Nongdeatructive lesting of weld rapairs (NDT)

Refer to Rules and ITSM-NCo1

9.8.1 Qoneral

For repairs of thick sections such as sten-frames etc., surface crack detectlon
should be supplemented by uitrasonlc examination K considered necessary by the
Surveyor. N.D.T. should only ts performed for acceptance purposes after
completion of ail post-weld-heat-treatment, It may however be carried out at variou:
stages by the repalrer 1o ensurs, 8o far as possibl, that the end result will be

acceptable.
9.8.2 Surface crack detection

The magnetic particle (wet) method is preferred. A fleid strength indicator should be

used to verify sensitivity.
Electro-magnets should be used.
Dya penetrant methods can also be used but are less sensltive than magnetic

particle.
9.8.3 Ulirasonic testing (see Guidance Note NI 185)

This Is used to detect sub-surface defects and must be performed by an approved
operator to an agreed procedure and specification for acceptance levels,

9.8.4 Radiography

The usual method used In ship repalr Is gamma-radiography with an Iridlum 192
source. It ls important, as for ultrasonics, that the operator and procedure are
approved. Sensitivity must be controlied : .

10 < @ < 25 mm senskivity to be better than : 0.8 mm hole/0.4 mm wire

25 < @ < 40 mm senshtivity to be batter than : 1.0 min hole/0.6 mm wire

It is Important to kdently al radiographs at least with date - location + N*

Permissible defacts are defined In document ITSM-NCO1 (Technical instructlons for
the construction survey of steel welded hulls) two grades of acceptance are glven,
according to the location of the joints In the hull girder, except for ships of L < 1560
m when only the inferior grade Is appiled.

The acceptance levels are for :

- lack of fusion or iIncomplete penetration
- slag incluslons

- blowholes (poroslty)

- wormholes.

Cracks are unacceptable in alf cases.
Tha crieria given are for butt welds, since longhudinal seam welds are less highty
stressed they are not normally radlographed.

NQTE : Althoug: dliftarent quallty zones (grades) of a ship (see 9.8.4.2) and diferent
ity levels {grictos) for radiographic acceptance are given, welding should always
be Cdried on Gurrgclly, as per approved procedures, In alt locations on the hull.

For large repairs the surveyor should use random radlography to check and control
the overall quality of hull welding.

9.8.4.1 The number and position of radiographs

Since the philosophy of ship repalr Is to restore the ship to the orlginal rule strength
then we should remember the requirements for newbuilding (Refer to Rules).
AMIDSHIPS 05 L : Radiographs required at panel butts.

Each radlograph to be shuated on a butt joint at a
cruclform joint.

A radiograph e required at each butt of
sheeratrake, stringer, blige and kedl plate plus
two more at random on bottom and side
plating for each cross section,

A sampling required of butt welds of other

maljor longhtudinal strength elements :

- Top and bottom longltudinal bulkheads

- Top and bottom longitudinats & girders

and assemnbly Joints of insert plates at the cornars

of openings, bilge kee! and Intermediate flat.
CLEAR OF AMIDSHIPS ; A sampling required Inciuding any particular
high stress areas such as stern frames, shaft
brackets, masts stc.

‘Action required In case of unaccaptable radlographs :

Depending on the location of the weld and the defects found the surveyor must
deckie on the acceptancs or rejectlon.

When a radlograph Is rejectad i Is up to the yard lo determina the extent of the
defective weld and make the repairs necessary.




[image: image17.png]Further radiographs are then required of the repaired area and adjacert parts to
not acceptable nor logical 1o repalr o 0.8.4.2

pair ofl a3l part of 1ho DUt

Since radiography as above ls only a random spot checking then In the case of
several rejections the surveyor must consider the overall quality of the welding and

lake the necessary action.
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9.0.1 General

It Is always preferable to use BY certified materials for repalrs. However dus to time
considerations this s not always possible and alternatives must be considered :

9.9.1.1 Steel of an equivalent grade, tertified by another Soclety whichis a
member of IACS or an assoclate may be accepted subject to the surveyor haing
satisfled with the certiication and identHication of the materlal. Dimenslons should
be verilled. (Thickness of plates, pcantling of stitfeners)..

9.9.1.2 Steel, of equivalent or superior properties, complying with national
standards or proprietary specifications having been manutactured at an approved
works and readlly identifiable with the manufactuidr's test certificate.

in this case check mechanical tests are to be cartled as per the Rules.

When 1t Is not possible to carry out these tests befora the repalr Is compieted, the
repalr Is 1o be considered as temporary unti the results of the test are confirmod

acceptable.

Nota : The surveyor may use his discretion and judgement concerning addtional
testing depending on the location of the repakr. Whereas i will be considersd
essential for main structural elements it may be walved In low stress secondary

locatlons.

9.9.1.3 All materlal certificates covering repalr materials should be filed in the
local ship fies.

9.9.2 Hull steel grades

Always check the ships drawings, particularly midshsip section and shell
expansion o determine grades of material used In particular locations.

In the special emergency case where special grade steel cannot be obtained, 8
lower grade may be used (as a temporary o definkive repalr if agreed by Head
l!A.l:,l he weaided join Ake QB ount the dilietence In HCKNoss
To calcutate the required thickness of lower grade materlal for sama stren
following coefficients of quallty must be used :

g 3
gth the

K = 0.78 for AH 32, DH 32, EH 32
K = 0.72 for AH 36, DH 36, EH 38

Equivalent thickness In grade A, B, D, or £ -J.L
(6.g. 25 mm gr 36 equivalent to 20.4 mm gr A, B, D or E) K

Equivalent thickness in grade AH 32, DH 32, EH 32 -t
(e.g. 25 mm gr 36 equivalent 1o 26 mm gr AH32; DH32, EH32) j‘W
Silfanars must be dealt whth by dividing the section modulus by K. 40.78

IESTING OF WATERTIGHT COMPARIMENTS EYC.

10.1
Ballast peaks
41y deop tanks

Fllled to overlow with water

-3 1o bottom tanks

:Double bottom FO Tanks
FO Bunker tanks or when thay cannot be filled with
water are to bo filled to the tap

of the tank with oll.

Colllslon butkhead not Water head corresponding to Load

adjacent to ballast or water ling
£0 tank
« Shaft tunnel, - a hose water test, with a minimum pressure of

2 bars and at a maximum distance of 1.5 m, s
~ doors on watertight required 1o verlfy the watertightness

Bulkheads not water tested

« hatchcovers on the
weoatherdeck in case of
hoides which are not intended
10 cany ballast water,

=shell doors.
Watertight rudders Water test -head = LWL but notless than2.4m
ot 0.2 bar alr test (see below)
Tankers : Cargotanks  Water head corresponding to top of access
hatches.
Ballastlanks  Overflow or top of access hatches whighever
higher.
Pipe tunnels  May be confirmed by alr test (see below)
& vold spaces
Bulk carriers :  Cargo holds  Water tes( to hatch cover level or overflow
Intended to
carry water
ballast





[image: image19.png]Uquefied Hydraulic or hydropnsumatic test :
Gas carrlors
{Reler to Rules Type A: Test prassure not less than MARVS
Part 1} Type B :- Test presgure not lasé than MARVS
Type C: Tent pressure not less than 1.25 x MARVS

Chemical carrlers

{Note : F.W should be used As for tankers above
for stainiess steel tanks,

Full passivation will be

tequired ¥ S.W. used)

10.2 Alrtosia
Where an air tesl Is required, the efactive alr pressure 1s not to exceed 0,21 bet.

The staff being protected, the maximum pressure Is o be maintained a few minutes
at the baginning of the test, then reduced down 19 0,12 bar white the non-automatic
butt welds are being examined. Thess weids are to be toated with an appropriate
Hiquid.

The air pressure is to be clearly Indicated by means of a water-column pressure
gauge. Furthermore, an efficient safety system against overpressure is to be
provided in the compartment under test.

The air test of a space for which a preservative coating is intended 1s to be carrled
out belore applying the coating on the non automatic butt wekis,

10.3 Vacuum testing of welds {using portable vacuum box technique)

Particularty for small hull repairs concerning watertight parts the portable vacuum
box technique can be used 10 test the weided joints. Testing should be made with at
least 25 % vacuum (-0.25 bar) and soapy water befors any paint of other coating Is

applied.
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1.1 PROPELLERSHAFT CLEABANCES - MEASUREMENT

Perlodical docking surveys.and perlodical propellershaft surveys are Incornploete
without propeliershatt clearances, These may be determined as foflows ;

- When the shatt is removed for survey or malntenance, by callbration of journals
and bearing bores.

- Whon boaring Is exposed with shaft in place for partia! survey or seal
malntenance, by feeler gauges, or soft wood wedge driven between shalt and
bearing then measured with callpers.

- Normal running condltion, by poker gauge comparing readings with previous
measurements.

- in normal running condition, by litting shaft and measuring the it by dlal gauge
(less accurate). Case needed to avold undus force.
Assessment of poker gauge readings can only be made ¥ records of the
previous readings are avallable and the relative shaft clearance Is known. Poker
gauge readings taken in Isolation produce no reflable value of bearing

clearance.

NOTE : When stem tube bearings are renewed or remetalled, clearances will be
back to orlginal. On refit, it ia essential that these clearances are racorded and
also the corresponding new poker gauge readings tor future comparison.

With most modern stern tube seal designs, the poker gauge measures from the
soal box "OD" to the seal sleeve “OD". Hence, whenever the seal Is fitted with a
new sleeve or the sleeve is machined, the poker gauge readings "as fitted”
should be recorded In conjunction withthe measured clearance, by feeler
gauges, callbration or both, since the bearing will be accessible during seal

overhaul.




[image: image21.png]1.2.3 Propeilershalts running in lignum-viae or “Tutnol® type lined bearings -
1.2 PROPELLERSHAFT CLEARANCES - INITIAL AND MAXIMUM ALLOWED water lubricated :

1.2.1 The following clearances are intended for the guidence of Surveyors.
Recommendations of designers and manyfacturers may ditfer and the Surveyor
should take notice of these in deciding whethier departures from the values given

here are justified.

in the case of Initlal clearances drawings should be checked and for special

materials stich as “Tufnol® the manufacturers technical Information should be &)&mes
heeded 1o allow for expansian of the bearing material on submersion in water. mm

1.22 Propeliershalts running in whie metal bearings - ol lubricated

[
1
> lJ ¥ T Y g T Y
o 100. 200 %00 400 800 600

2.0
DIAMETER mm
(0.D finery
E 7 : The stern gland should be repacked or at least partlally repacked at each
8 periodical bottom survey.
1.2.4 Propeliershatte lubricated by grease
1.0
g (4.5 maximum)
§ A0 ~ I
o8- EL ] { R I
3.0 | |
TOTAL | i
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[image: image22.png]1.3 Crack detaction of propafiershafta

1.3.1 . Area to be crack detected

Flanged connection to propeller

mt |

(- v Area to be crack-detected
 Beduabesiiduiing Area 1o ba crack-detected
’ - - whth particular attention
| . ) to keyway (3) and seal aroa (2)
-~ J when signs of corrosion (water
Ingress) are evident.
e
(1) Posttion of (2) Position of (3) Additional stresses
maximum propeller seal due to keyway
siress *0" ring

1.3.2 Crack detection may be by dye penetrant method or magnetic particle
method. Magnetic particle inspocllon Is preferrod because R Is more sensiiive
when properly carried out.

In both cases the area to be checked must be thoroughly cleaned. Where
possible a qualitied techniclan Is preferred working to recognised standards.

The sensitivity of the magnetic particle inspection Is easlly checked using a field
strength indicator (burmah castrol strip).

It cracks are detected and not easlly removed by light polishing & Is advisable to
check the crack depth by ultrasonics belore proceeding.

1.3.3 It is allowed to reduce the rule dlameter by 3 % (corresponding to a
decrease In torslonal strength of 10 %) by machining or grinding. Therelore If
crack depth deeper than 1.5 % or shaft dlameter (shaft being rute size) the shalt
shall be rejected. Repairs of corroded or cracked shafts within limits given above
shall be smoothly ground out to reduce stress concentrations to a minimum. The
hollows should be flled with proprietry metat filer if in way of sealing rings etc.
Silght surface defects (corroslon or cracks) can be machined out provided that
rule diameter s not reduced by more than 3 %,

1.3.4 In the case of a propeller-shaft in normal steel and the propelierhub In
stalnless steel, the holes of the propeller-flange and the, propeller-lange itself
have to be carefully Inspected for glectrico-chamical corrosion.

Seawater has 1o be avoided and adeqtate protection Is to be foreseen.

1.4 Repalrs to propellorshalt cona

Corroslon on the conical part of the propellershait may bae repaired by machining
the taper.

This »sm resuit in the propefler moving forward which must be countracted by
fitting a spacer between the shalt ouptings. The maximum thickness aliowed tor
this spacer is 25 % of the Intermediate shaft flange thickness. It Is therelore the
Intermediate shaft fiange thickness which doterminos the maximum amount
which can ba machined off the cone.

a.g Intermediate shaft coupling fiange thickness 100 mm,

then maximum spacer which may be employed = 25 mm,

i propeliershaft taper ~ { in 12

the radisl amount which may be machined = 225 « approx. 2 mm
1

Surface contact of propeller bore to shalt cone shouid bd checked using
prusslan blus. There should be a minimum of 70 % contact equally distributed.

: h— A max
_'11 _‘H'__“

=3
~

-

4
1
x -
g

NQTE : As well as rectification of the damage, the cause must also ba
determined and repalirs and preventative action taken to avold a recurrenco,

The usual source of leakages are from a badly Jointed and sealed falring cone on
the ack of the propeller or jeakage past.the sealing ring and/or gasket on the
forward face - ensure the "0 ring Is the correct slze so that comprassion and
sealing Is achleved.
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Arrangement 1

All free spaces between propeller shaft cone, propellerboss, nut and propeller
cap are 1o be filled with a material insoluble In sea water and non-corrosive.
Arrangemaents are to be madae to aliow any air present in these spaces 10 escape
at the moment of filling. It Is recommended to test these spaces under & pressure
at least squal to that corresponding to the immerslon of the propeller in ordet to
check, after filling, the tightness obtalned.

OIL GLAND

Face of [alrwater cone Running
)

Vanting and

Propeller shaft v( of i ge)

1.6 Propellershafts with bronze liners

1.6.1 Generai

Always check carefully the inboard part of the shaft where water from the stem
oland may have caused corrosion cracking, characteristic X-shaped flssures
particularly on the coupling flangs filled. This part of the shaft Is best protected
by a speclal coating.

Beware also of electro-chemical comrosion in the reglon of the end of the liner.

The bronze Yiners protect those parts of the shaft which would otherwise bae In

contact with sea waler, Continuous liners -plther In ohe plece or In several
soctions - caver the shaft from forward propofler boss to forward padnt of the stern
gland. Pants of liner most llable to wear are {hose In way of storn gland packing,
of the liner can be eroded by vibration or haminering of tho shaR. Subjected to
torque reaction whh the shal, the liner can crack (on ts surface, or In other
piacas). Cracks may also result from occaglonal over-heating. Sea water can
soep through the cracks and cause rapld corrosion of the shaft.

Other types of corrosion are the result of finer assembly. Liners are generally
held to tafishaft by shiintkage, Shafts are submitted to helical stress and It Is
unlikely that the sama ‘distortions are equally applled over the whole length of
liner.

Such fretting Is offen the cause of corrosion noted under-alt extremity of liners
where soa wator fiiters In. What has been sald about shalt and liner relative
motions is also true for linar ssctions connected by (hammared or shrunk) red
copper joints. Connections of two adjacent liner sections are submitted to torque
reactions and if copper joints no longer ensyre the nocessary watertightness :
corrosion Is then frequent under Joints and adjacent area.

1.6.2 Chaecking the fit and condition of liners

Tha Surveyor shall hammer 1est the liner and joints batween sections - bearing In
mind that liners may be chemiered beyond the bearing surfaces and will,
therefore, give a different sound, not to be mistaken with that of a slackening

liner.

Slackness Is usually noted at extremities of liner. it may be caused by heatfng (of
aft bearing, gland) or cracks In liner.

The Surveyor shall aiso examine carefully the surface of the linor for cracks or
porostty, and If in doubt, he wil carry outa non-destructive chack.

Any cracking or slackening of the liner {especlally aft, next to propeller) ‘o
loosening of coppar Joints will result In corrosion of the shaft.




[image: image24.png]As for such defects, loose copper joints will need to be withdrawn and the liner
surface in way machined off and other corraded areas should also be machined
80 jhal the shaft surface can be Inspected.

The Surveyor will also check the boarhd surface and woar In way of bush(es)
and stern gland.

1.6.3 Renewal/Repalrs of lindrs

- Cracks, wear

Fuily penetrating cracks always imply renewal of damaged part of liner.

Flasures can be machined down provided that liner's thickness remaing within
the limits given below for wear, otherwlise the damaged part shall be renewed.

Major wear means that liner-ls unfi for use, the maximum wear allowed being as
follows :

« 25 par cont of rule thickness in way of the bearing area.
- 50 per cent of rule thickness in way of out the stern-gland.

These measurements shail be taken after machinjng of corroded or ribbed areas
of the liner. When damage (flssures or waar) 18 Important aixt requires the
renewal of the liner, the Surveyor shall proceed as for the liner of a new shaft.

The new liner or linar sactions ordered shall be submitted to the Soclety's factory
Inspection test (qualty of material, hydraulic test), and Hner fit and good
condhtion (no delects) shall be checked after machining.

When renewal of the linor Is not necessary and It Is difficult or Impossible to
change only a section of R without removing the part of liner In good condition, i
Is often easier to have the damaged part re-metalled.

Some yards can replace the damaged liner portion by two half shells fitted on to
the shaft and welded together longltudinally. Any such repalr shall be submitted
to Head Office for approval.

1.6.4 Ribbing in way of the stern-gland

Ribbing requires the complete - or part renewal of the liner only if thickness
inside of grooves is inferior to half the regulation thickness. Wheryribbing Is stight
however, L.e. when depth of grooves s 3 mm, liner shall be rmachined over the
wirole length In way i ait sluiling box.

Slight ribbing noeds only to be filed down or smoothed away with emery doth




[image: image25.png]2. BEARING CLEARANCES, CRANCKSHAFT DEFLECTIONS,
MISCELLANEOUS WEAR LIMITS OF ENGINES AND GEARING

2.1 Since there ara many diverse designs of sngines, gears eto, the Survayors
should consull the manufacturers jnstrudtions for recommended limits of wear,

elo.

In some cases manufacturers recommend renewal of bearings and bolts based
on running hours.

In other cases bearing renewsl is dependent on measured crown thickness or %
age wear of overlay plating or visibiity of bearing backing.

Addltionally such factors as spalling or fretting of the back of shells Is reason for
renewal. In some engines Rk may be recommerxied {0 renew main bearings in

sets, In others R may be possible 10 renew bearings by halves.
In large engines adjustment of clearances may be posalible.

2.2 When manufacturers recommendations are not avallable the following
Guldance may be followed :

CLEARANCES OF FIESEL ENGINES
(Fitting and maximum clearances)

The table gives the fitting dlameter clearance Jo and the maximum clearance
alowed Jm. Any clearance above Jm Is reason enough for renewal even i the
babbitt-metal Is satisfactory.

General Rule

D<150mm:Jo~ O For diameters: between 150 and 180 mm:
1000 Jo = 0.15 mm

D>180mm:Jo = L
1200

Jm_=_1.75 X.Jq for top end of connecting rods with bearings on 2 stroke engines

Jm = 2 x Jo for bearings with joints and rotating completely
{bearings, bottom ends of connecting rods)

Jm = 3 x Jo for bushes

Bottom and top ends (connecting rods)
ot {our stroke englines

D < 160 mm: Jo -1200 For diameters betwean 150 and
180 mm !
Jo = 0.126 mm
D<180mm:Jo =R
1600
Jm = 1,510 1,75 X,J0 for top ends of connecting rods with bearings (depending

onthe engine speed high or low speed)

Jm « 2 x Jo for bottor ends of connecting rods
Jm = 2.8 x Jg for top ends of connecting rods with bushos

NQIE : Bearing shelis with relatively thick babbiit-metal will always show woar-
down after the engine Is run-in.

For bearing shelis with lead bronze which la mere resistant than babbitt-metal,
the fitting clearances must be adjusted accordingly.

A few high spots or hard spots will be sutficlent 1p cause over-heating.

23  Thin shell bearings (medium speed engines)
Reasons for rejection

Layer configuration of trl-metal lead bronze boarings (as used In medium-speed
diessl engines) :

Plated overlay
PoSnCy, 0.0) - 0.0

Nickel dam, 0,002 - 0.003 mn

Lead bronze
cast CuPb22Sn, 0.7 - 1.1

/ Steel back, €10, 4 - 10w

thickness

Elndlngs Actlon
1. Uniform running pattern, minor scratches Satlsfactory
and corrosion In the plated overlay (proper L.O. treatment)




[image: image26.png]2. Minor corrosion of the plated overlay, Satlstactory
Small area of nickel dam exposed one for further
side. use

3. Heavler corrosion of the plated averiay. Satlsfactory
Nickel dam exposed both sides. The shell for limhed
has reached the wear limit, a godd adaptation use,

is no longer assured.

4, A large atea of piating area corroded, but

no bronze showing, running pattern good. But Renew
bearing should be renewed usge it can no
longer embed dirt and adapt 5

5. Heavy corrosion and abrasion of the plated
overiay. L.O. contaminated by solid foreign Renow,
particles causing wear and scratches into the Inspect other
bronze. Check journal for scratches and bearings.

smooth with ofl stone ¥ neceseary.
This bearing condition is considerable risk

for englne.
6. Plated overlay almost completely removed Renew.

by corrosion and wear. Pastlal scoring Inspect other

(Dirt In L.O). bearings.

Bearing may fak and cause heavy Inspact LO

damages. Check journal for scratches fiiters &

and smooth with ofl stone. separators.
Clean L.O
clrcutt,

24 Connecling rod botiom enda

For some engines there are speclal procedures to tension the bottom end boits
which must be carefully followed. - Consuit maker's Instructions. For some
engines bottom end bolts have a limit Ife - consult maker's Instructions.

For engines with serrated couplings the it of the bearing caps should be
checked and the serrations crack detected,

In all cases refer to makers instructions.

25 Crankshatt deflections

These are most useful when taken with the engine “hot* and the vessel ina
similar loading condition to the previous or reference readings.

Readings taken in drydock are of no significant use since the ship is supported
by blocks and not taking it's natural shape as in water.

Excessive deflections may be caused by :

Bearing wear (adjust or renew bearings)
Misalignment (re-align)
Loose or fretted chocks (re-chock engine).

3. BOILER SURVEYS (Including thermal oll heaters)

(Refer to Rules Part | for scope and perlodicity of surveys,) and ISM N°6 for
completa instructions,

3.1 General

A complete boller survey allows us to check out if any bulld-up of deposits has
taken place, and deformations or wastage of platework, plping or any of the
varlous paits, which may compromise the safe working order of the unit. The
survey should include research as to cause of any anomaties found and also
thelr correction,

Any repalr will have 1o ensure the safe working order of the bolter untl the noxt
survey.

A complete survey means a {ull Internal and external examination of all parts of
the boller and accessorles such as superheater, economiser, air-heater Internal
organs and afl mouritings. This exsmination may lead the Surveyor to require
thickness gaugings of plate or tubsa:that appear to be wasted and eventually to
a lower assigned working pressure, ¥ calculations prove this necessary.

Collislon chocks, rolling stays and bofler atools are to be examined. The ol fuel
burning system Is to be examined under working conditions and safety devices
are to be checked, Including any automatic bumer fight-up sequence to verliy
purging of the furnace prior to lighting burners. A general examination Is to be
made of fuel tank valves, plpes etc. and fuel pipes between pumpa and burners.

Safoty valves are to be adjusted to a presure not greater than 108 % of design
presure.
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Typical survey plan
The main points to remember are :

- Al supetheat temparatures > 400°C speclal steeis and more advanced welding

techniques wili be Involved.

- Check drawings of unfamiliar designs of boller to cotrectly plan the survey.

- Steam drum and tubes
- Superheater
- Boller casing

- Fumnace

- Water drums

- phting,

- it of manhole door

- short-circulting, efosion
In headers. Weld fractures

- overheating, leakage

- distortion of tubes, bulging
of tubes.. Condltion of baffles
Refractory,

- pitting, it of manhole door.

93  Scochbollertyps et

Typlcal survey plan
The main points to remember are :

- Boller should be thoroughly cleaned and prepared for survey.

- Fumaces - overheating and subsequont
dlstortion

- Combustion chambers - overheating and distortion
of crown

- lpaking tubes and stays

-Tubes - thinning at ends, repeated
axpansion.

- 8hell imternal - wastage, grooving

- Shefl external - wastage, in way of leaking
mountings.
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3.7  Ihetmal off heaters

3.6.1 Watertube bollers
Thesa vary In design but generally follow the same principle as shown : -

Screen tubes - These are the first rows of {ubes and are exposod directly to the
flame, they are generally very clossly stacked to afford protection to the
superheater elements which lle behind.

Any tubes found plugged (or bulged) should be renawed.

Waterwall 1ubes - these are subject to the same defects as screen tubes, but
more senshive to poor circulation, particularly roof tubes.
Any tubes found plugged.or (bulged) should be renewed.

Main steam generating tube bank - a maximum of 10 % of the tubos may be
accepted plugged belore renewals are required.

Nota : In all cases of boller problems & Is important 10 ascertaln the causs of
damage (fame impingement, lack of boller water teaiment eic.) and take

remaedial action.

3.6.2 Smoke tube bollers

Any tubes found plugged should be renewed. .
Tubes with excessive thinning at the ends because of repeated rolling or
showing signs of movement should be renewed.

The makers Instructions should be consulted where avaliable.

The main points to remember are :

«Tubes - distation, bulging

- Refractory -~ spatiing

- Casings « leaknges

- Safety devices - low{avel alarm fluid

header tank

- high temperature fiuld
- low fow fuld
- thermostatic controls
- Burner safety devices

« Thermal fluld « analysls of thermal fluld to

prove fit for further use.




[image: image29.png]4. HEAT EXCHANGERS
As a general rule up to 10 % of tubes may be accepte satistactorly plugged.

Care must be taken on some high pressure heat exchangers to follow any
special instructions of the manufactured It Is possible on some exchangers,
particularly on liquefied gas carriers, to have relatively high fluld pressures on the
sheoll side of the exchanger ard special methods may need to be foliowed for
plugging leaking tubes.

(These exchangers may be class | pressure vessels).
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