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The Andrew Laing lecture delivered oy a good friend of
the R.I.N.a. (in Australia) - Sir slfred Sims - in 1261 dealt
with the development of British admiralty 4.0.D. (Navy) steels.

Up to about 1861 the Royal Australian Navy used these
Admiralty steel specifications almost exclusively and it is fair
10 say that some R.i.N. shivLs are at presentv being constructed
with these same steels. Although with the rapidly expanding
sustralian steelmekers capability TO produce & steel incorporaiing
features required by Naval Architects, an ever increasing amount
of Australisn made steels is being incorporated into the hulls of
Q..M. vessels, 4

The summary of steels used for ship construction in the
R.4.N. is as shown on Sheet 1

Sgge;ﬁggmpositiong_anqrﬁpggjficaﬁions

steel has been used for shipbuilding since about 1875;
znd steels with higher strength than mild steel have been made use
of since about 1800 to enable higher working stresses Lo be used
in design, and savings to be mede in siructural weight. These
early "high tensile" steels were specified by their mechanical
properties and dy their ability to withstand without cracking the
usual shipbuilding operations of punching, drilling, shearing and
flanging. Their higher strengths derived in general from higher
¢ and Mn contents.

, wpH steel was introduced for British wership building in
1923, its composition bging 0.3 C with up to 1.4% Mn and its U.T.
strength 37-44 tons/in.?, with a limit of proportionality of 17
tons/in.2. For some years this steel gas used as well as mild
Steel with U.T. strength 26-30 tons/in.“ and High Tensile Steel,
with U.T. strength 30-34 tons/in.2. o

: The more extensive use of welding in shipbuilding directed
attention Lo the need to restrict chemical composition Lo ensure
satisfactory weldability. Difficulties were experienced with the
higher strength steels, especially in thicker sections. In 1938,
therefore, based on tests carried out by the Institute of Welding
fhe British Admiralty introduced "D.W.'" steel.  The ¢ content was
restricted to & maximum of 0.23% and strength was limited to
35-41 tons/in.° U.T.S. with 16 tons/in yield for plate of 1 in.
thick and below, and to 33=39 tons/in.® U.T.S. with 15 tons/in.
yield for plate thicker than 1 in.

Tnternational meritime experience during the 1939~45 war
stressed the importance of notch duetility a.d the necessity to ,
exercise a closer conirnl over shipbuilding steel quality to meet
the requirements of welded construction. Before 1949 Lloyds rules
required only that ship steel should be made by the open hearth
process and should comply witn: limited tensile and bend tests. In
1049, as a result of the investigation of fractures in American
welded ships, additional requirements were added. The S and P
content were each limited 1o 0.06% and, to achieve better notch
toughness, the Mn/C ratio was required to be not less than 2.5 for
material over % in. thick. For meterial over 1 in. thick used in
+he main structure of welded ships the properties and process of
manufacture of the steel were required 1o be specially approved.

Various steels were approved to meet Lloyd's Rule P.403 and,
in 1957 2 full specification, Section Pe 5 of the Steel Rules, was
introduced. The steels to this specification are,; in general, low
carbon=high manganese sieels similar ©o Admiralty "D.W." steel. AT

sbout the Same time, to meet a demand for further improvements in
notch toughness on account of the increasing size of welded tankers
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The requirements for even higher strengths, combined with

the need to 1limit crmposition on nccount of weld
consideration of *the use of steels for warship cons

fully gquenched and tempered conditioil. 4 steel of similar

ability, now led to
sruction in the

composition o U.X.W.

but with carbon limited to 0.17% maximum and

Mangenese 2t 1.3% maximum was found to give &
tons/in.<, with a maximum sircngth

toughness of 40 fi. lbs.
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Charpy-V
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strength and better notch toughnes
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conditions in the shipyard.
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6984. In addition the U.s. Navy
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THE USE OF SPECIAL QUALITY STEELS
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“he improved properties required for = particulsr service by &
careful choice of one of the many "mild steels” properly heat-

%

treated, rather then by looking for these properties i1n 2 less
weldable alloy steel. a

The use of specisl quality steels in warships' hulls may
be considered under the following categories:-

1. Notch Tough Material ~ incorporated in selected regions
of the main hull girder to provide safeguards against
the initistion or propngation of brittle type fraciures
under normal conditions.

2e Medium Higher Teneile Steels ~ used to varying extents in
the main hull girder %o reduce the scantlings and weight
of the structurec.

3. Steels for low temperature service - used for refrigera-
tion spaces amd adjacent hull struciure.

4. The steels must be capable of being welded without cricking
in the weld metal or ithe heat affected zone of the paren?t
plate.

5. Low cycle fatigue properties within acceptable limits.

4 number of steels are available in ..ustralia to meetd P
these requirements and some of these steels are as shown in figure &

The use of higher strength steels for main structur al members

e e

Consideration is being given to the use of higher strength
steels for ship siruciures because the higher working stresses which
cen be allowed encsble modifications in design which can effect
savings in the swuctural weight cnd give an overzll saving in toual
cost, even with the higher cosit of the suronger steels. In addition,
the reduction in dezd Wweight allows an lacrease 1n pay=-load.

There is 2 1limit alse o the dezd weight capecity, which
is imposed by the need. tn maintain free-board in the sagging
condition. By careful atiention to the arrengement of cargo
dis ribution the maximum dead weight can be achieved with the
minimum sagging deflection.

The reduction in longitudinal bending stiffness gives rise
2lso to problems affecting the propulsive machinery shafting; ad te
increases in the effects of vibration 'nd whipping.

When thinner scctions of higher strength steel &re used
- F s . ) . - s s ) - ’
avtention muszt be paid to the pessibility of ihe buckling of
stiffened plate structures.

4 reserve of thickness has to be mads to allow for
corrosion in certain parts of 2 ship's structure. Unless improved
techniques of preservation con be depended on, similsr allowances
must be made when high strength steels are used in the main ship
structure. This may reduce the saving in thickness that can be
effected by the use of the special steel.

Notch Tough Material

5 great deal of literature has been published on the
orittle fracture problem which arose in welded ships during and
shortly after the last war and & further review is not considered
necessary. In the course of the many extensive investigations
which have been carried out into this problem it was realised that
& primzry cause of brittle fallure of sieel structures was the fact
that normal mild sSeel could be notch britile at temperatures that
were well within the service rsnge. The loss in noteh ductility of
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ferrous metals with decreasing temperature had long been recognlisdl ,
but it was bthe early experience with welded ships that led to the
need for some improvement in steel quality, especilally for larger
all-welded ships.

While it is readily agreed that precautions must be taken
against the possibility of brittle behaviour, it is more difficult
-0 decide the level of performance in material tests which will
ensure safety in service of the complete welded structure. Many
different tests have been developed, some more difficult to apply
than others. It is not clear that all the different tests measure
~he same mat:rial properties or correlate among themselves in their
rasults or in their relevance to the behaviour of the final structucre
in service.

e Charpy~V notch test is prob-bly the most widely used.
3ome difference of opinion still exists as 1o tlie relative imporiance
of “he energy oriterion and the appearsnce of the fracture surface
criterion. The specification of aminimum energy absorption at a
particular test temperature may represent a higher or lower level
of notch toughness than the requirement for a minimum amoun® of
crystallinity in the fracture face includec in the same specification.
Mr. J. Hodgson and Mr. G.M. Boyd of Lloyd's Register of Shipping
presentzd a classical paper Lo tie Institution of Naval Architecis,
July 1958, which contained a viluable mass of data from samples of
material from ship casualties accumulated over a long period. From
this dete they derived recommendations for the stendards in the
Charpy test which have been incorporaied in Lloyd's Rules.

Another approach to the problem of assessing meaterial noick
woughness has been developed by the U.3. Neval Research Laboratory,
with their drop-weight test assessment of the material's finil

i1ity? transitiont at nd T ' LR ok ies
Qe e L e 80 oS IR 26126 6 E°Tiraivture
analysis Diagram Procedure for the Fraciure - Safe Engineering
Design of 3teel Structures® - N.R.L. Report 5920 by Pellini and
Puzak. Choice of steel for a particular service would depend on
(i) the design criterion used which depcnds on the conditions of the
service required, and (ii) a kinowledge of the W.D.T. temperaliures
of possible steels, of appropriate thickness and lLeat treatment.

In a welded structure considerztion must be given to the
notch toughness which can be achieved in the weld metal. Tt is
more difficult to gei high ductility in higher strength weld metals.
The figure © . shows that a weld metal of strength H.T,100 achieves
A Charpy - V energy level of about 30 ft. lbs. at -40°C. This is
- similar to experience in U.K. Q.T. 35 steel plates are required by
specification to give at least 4C ft. 1lbs. Charpy at -40°C, but
weld metals of matching strength give only about 20 ft. 1bs. &t
-40°C. Although the U.S. H.Y.80 steels shown in figure JF  have
such very low transivion temperatures, the electrodes to maich give,
only 20 ft. 1lbs. in the Cherpy test at -50°C.

Typical Notch tough curves are as showir in figure AL

Weldability

The steels us:zd in shipbuilding must be capable of being
welded without cracking in weld metal or in the heat-affected~-zone
of the parent plate, making a sound struciure of required strength
and notch toughnessin every part of the waldment.

The tendency to hot cracking in the fusion zone of +the
weld is related to the chemical compoiition of the plate. For gooG
weldsbility the carbon must usually be less than 0.255 and sulphur
and phosphorus each less Tthan 0.03. IT is possible that higuer
values of Mn/S ratio reduce the tendency wo hot cracking. In
higher sirength alloy steels there is evidence of <the possibility
of hot cracks at the fusion line csused by the formation of lower
melting point complex producis. Invesitigation of this phenomenon
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is being carried out by the British Welding Research Association.

Cold ecracking in the heat-affected-zone is related to
the hardenability, i.e. the chemical composition, of the parent
plate and to the cooling cycle due to welding i.e. to tThe pre-heat
and post-heat procedures and the plate thickness. Crdinary

structural and boiler guality stgels with ultimate tensile
strengths up to about 36 tons/in.= are readily weldable withoub
special precautions agalnst hesto-affected-zone cracking, so long as
the composition 1s ~egtricted -nd the higher strengths, above about
30 tons/in.2 U.T.S., are achieved by such practices as aluminium
fine-grain control and normalising after rolling. Special steels
of higher strength and plates of greater thickness require special
precautions to avoid heat-affected~zone cracking.

Recen: work =% the Naval Construciion Research
Establishment, Great Britain, suggestis that the pre-heal temperature
which will a¥oid the formation oi the heat-affecied-zone martensitic
microstructure in vlates of thickness about 1}t in. and thicker, can
be estimated from the chemical composition of the steel, expressed
as a tcarbon equivalent', using the formulas-

6 24 40 5 4
The pre-heat temperature vo avoid & "susceptible microstructure™
is then, in °C:-

T =210 (C.E.) -~ 25

Thinner plate requires a lower pre-heat temperature.

When such = martensitic H.A.Z. structure is allowed Lo
form, the presence of hydrogen or a sufficiently high state of siress
will cause the formation of H.ai.Z. cracks. The use of low-hyrogen
clectrodes, therefore, may avoid cracking in joints of not too high
restraint.

Low Cycle Fatigue

Low cycle fatigue can be defined as the phenomenon
associsted with the cracking of structural details under the more
severe loading conditions of service within the 1life range of 1 to

100,000 cycles.

Tn the design of the structural members of ghips little
attention has been given to the fatigue strength of their componenis,
the dimensions of which are mostly determined fron the viewpeint of
the statical breaking strength, yielding, buckling or plastic failure
of the siructures. This is mainly due to the fact that there have
been few systematic investigations made on the fatigue strength of
ship structures, especially for those members with discontinuous
par®ts where = high stress concencration is anticipated. When using
high strength steels, it b:comes quite an importznt problem whether
abigue sitrength, in particular, uncor the stress concentrated
tion, could be expecied to be proportionally as high as their
czl strength, in comparison wiil ordinary mild steels.

whe £
condi
stati

Few test data concerning the cyclic effect on the fatigue
strength at high stress levels arc sveilable, and it seems still
premature to draw a definite conclusion. Yet, of these test data,
notable are the results of cantilever itype bending fatigue tests on
2 pressu: e vessel materizl carried out in the U.3.4./7/, according
to whicn the fabdigue strength of high stoengtl steels of 60 kg /mme .
tensile strength in & 100,000 cycle renetitive loading was approximat
1y proportional to the tensile strength in comparison with the case
of mild steels. % was also found from the results of rotatory
bending fatigue tests on cylindrical specimens with a semi-circular
notch that the fatigue strength in a 1000 cycle repetitive loazding
was approximately proportional ©o +he tensile strength of the steels.
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These are the results of fatigue tesis conducted in such

2 menner that the maximum ~nd Jhe minimum of the repedted loads are
kept conswant, while in the case of fatigue tests with constant
strain amplitudes the results indicate a somewhat different tendency
irom those mentioncd in the previous parsgraph. In Figure 5
illustrated is an example of the constant-strain-amplitude test dat
where steel A is o mild steel of which the yield/tensile strength
ratio is 0.62 and sitecel B is a high strength steelof the ratio
equal to 0.75. It is seen from this figure that when the strain
amplitude is smzall, steel B withstands lsrger number of cyclic

loading than steel A, whereas 1f the strain amplitude is large
ennugh, then the results become reverse. This is mainly because
the high strength steel could not sustain such large plastic
deformations applied repeatedly.

5 9

Thus 1t is concluded that, in the case of simple tension
or compression, namely, under 2 constant-load-amplitude the use of
high strength steels becomes advantageous from the viewpoint of
fatigue strength, but if the high strength steels are used in a
region of stress concentration where tiey are locally subjected to
plastic deformations of =2 constent strain amglitude, then their
fatigue strength would be reduced.

According to the results of the measurements on the
longitudinal bending stiresses &t seay; ° +the maximum stress
amplitude encountered during twenzy years (once in a life of ships)
was approximatcly 15 kg./mm.2. It was also found that, when
expressing the siress frequency in a diagram where stress amplitude
is t=ken @5 the ordinate and the number of repetvitions linearly
increase with the reduction of the siress amplitude, the suress
amplitude being 3 to 4 kg./mm.< in 1,000,000 cycles.

British Welding Research issociation use a figure of
1 x 10° oscillation os minimum requirements for low cycle fatigue.
aq

Comparison of Fatigue Strength between High Strength Steels and
Mild Steegls.

The relstionship between the tensile strength and the
fatigue limit of high strength steels is shown in Figure &
=1lthough the data given in the figure are rather out of date and
the steels may beg of different kind from those ordinary in use in
shipbuilding, it still gives some standard for their correlation.
It is seen from this figure that, in the case of plain specimens,
the fatigue limit of high strength steels (tensile sirength between
50 =nd 60 kg./mm=) is almost proportional to the tensilestrength,
whereas in the notched specimens there seems little increase of the
fatigue 1limit in the steels of higher tensile sirength. Further-
more, it ¢ an be said that the corrosion fatigue strength of high
‘strength steels is independent of their wensile suraength, This fact
was also confirmed by test results in which the fatigue 1limit of
high strength steels in saltl water was almost the same as that of
mild steels. It was shown, however, that the coated specimens with
paint regained their fatigue, limit in the salt water up to aboul
75 to 90% of that in the ain . . .

Conclusions.

As well as using the tried and proven Admiralty (MM.0.D.
Navy) steels in warshipconstruction, the R.a.M. is obtaining ships
from the U.S.4A. constructed of H.Y.80, H.T. =nd ¥Mild Steels to
U.3. Military Specifications.

In addition 2 number of vessels are being constiructed in
Lustralia using Australian Deportment of Navy steel specifications
for mild =nd medium steels.

Bfforts are being made to introduce a medium yield carbon
manganese steel, .. '» notch tough, with good welding ~nd fatigue
gualities. '
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2.  COPEER ~LLOYS

Introduction.

Until 1954 the copper alloys used in R.a.l. ships were
mainly Naval Brasses, Phosphor Bronzes snd Gunmetals. Dezinaficae-
tion has led to banning the high tensile Naval Brasses and their
replacement by aluminium Bronzes, Silicon Bronzes, and Nickel
Guametals. E

The 90/10 snd 70/30 Copper Nickel Alloys are used
almost exclusively in R.x.N. ships and submarines for sea water
services because of their resistance to impingement attack,

The aluminium bronzes are used extensively for fasten-
ings, rudders, anchors and chain cables for the  Ton Class
minesweepers, because of their high strength and non magnetic
propervies.

Corrosion Resistant Materials.

Copper: In clear sea water which is not moving at any
great speed, copper 1is protected by a complex film which forms. If
fhe film remains intact a corrosion rate in the region of 0.002
inch per year is to be expected. If, however, any condition is
present which will tend to mrevent the formation of or remove this
film, then the corrosion rate will increase considerable. Thus,
contaminsted water may remove or prevent the formation of a
protective film and erosion by solid particles or fast moving
water may erode the film. Botl These factors which prevent the full
benefit of the corrosion resistance of copper being made available
have become more prcvalent: it has therefore been necessary o
develop new alloys.

Copper = Zinc Alloys: &S with copper, the corrosion
of a simple brass depends on the conditions of service to a very
marked degree and it is unusual to find & simple copper-zinc alloy
in service. Ususlly the principal mechanism of corrosion of these
ailloys is dezincification particularly with alloys containing a high
content of zinc. The addition of azntimony, tin and arsenic, to
brasses has the effect of inhibiting dezincification under moderave
corrosive conditions.  Aluminium Rrass (765 Copper 227 Zinc, 2%
Aluminium 0.03% Arsenic) with its sm=2ll content of arsenic resists
dezincifications while the aluminium builds up a protective film of
alumina with rapid self healing properties.

Phosphor Bronzes 1.e. alloys of copper znd tin which
have been modiried by addition of small percentages of phosphorus
+o the basic copper tin alloy renders ihe molten metal more fluid
with little if any loss in corrosion resistance. The development
of the gunmetals, with their ease of casbting, has caused the phosphor
bronzes to be overlooked for corrosion resisting purposes. However,
interest in them is maintained because of their bearing properties.

Gunmetals: The gifficulty of casting phosphor bronzes
can be overcoms by the addition of the alloying elements, zinc and
lead. Zinc serves the dual purposc of increasing fluidity of the
molten metal as -ell as being a limited substitute for tin, enabling
the tin content to be reduced. "Leaded gunmetal! provides a material
resistant to impingement attzck and olher forms of corrosion likely
+o occur in sea water systems which can readily be cast intc pressure
tight castings for pumps and valve bodies etc. It must be noted,
however, that under certaln conditions, gunmetal may become highly

cathodic and stimulate attack on adjacent more ancdic areas.

sluninium Bronze: In the sea waler environment the

" . . m—mm - . R .
major application of alumlnium bronze has been for castings in which

~he basic composition is 9-10 per cent aluninium with minor additions
of other =2lloying elemeats. Thelr resistance to corrosion, crosion
snd wear is good and in addition, they retain their mechanical
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e
properties at elevated temperatures. To obtain the maximum
corrosion resistance to sea water it is necessary o pay close
attention to chemical composition and heat treatment of aluminium
bronze.

gilicon Bronze: These alloys possess high strength
and good toughnesSs and exhibit good resistance to corrosion Dy sea
water. The high silicon content alloys have excellent casting
qualities and are superior in this respect to aluminium bronze.

Nickel-Copper (Monel): The alloy of nickel and copper
containing 70 per cent nickel and 30 per cent copper with minor
additions of mangsnese =nd iron, known as Monel, is used in a wide
variety of applications in marine engineering. It is resisuant to
attack by sea water, combined with good mechénical properties which
can be obtained both from wrought and cast monel products. HMonel
should not be used in contact with =luminium bronze as severe
pitting will result on the aluminium bronze.

Copper~Nickel Alloy: Copper-nickel alloy piping is
commonly used where impingement has proved too severe for other
ferrous =nd non ferrous piping. However this material may even
suffer impingement attack 2t bends, in the discharge side of pumps
and downstreams from valves and flanges where wabler speed and
t.rbulence are excessive. Sea water speeds in piping made of 90/10
copper nickel alloy should be limited o & maximum velocity of 10
ft/sec. 4t higher velocities extreme care must be taken to ensure
wurbulence is kept to an absolute minimum. 70/30 copper nickel
alloy is used mainly in submarines where failure of highly siressed
piping could impair the safety of the submerine. It is also used
in condensor tubes wherc maximum resistance to pitting is regquired.

Titanium: It is coovenient to refer briefly to <he
commercial grades of titanium et this stage as they represent one
of the four families of =lloys of current or future naval interesi,
which depend on the presence of an oxide film for their corrosion
resistance.

Titenium 2nd itse weld metal has outstending corrosion
resistance, excluding stress corrosion, in sea watler and is immune U
crevice correosion. Titanium acts as @ noble metel =and will
accelerate the corrosion of most metels to which it is joined. IT-
is compatible galvenically with ~ustenetic stainless steels, high
nickel 2lloys =nd nickel aluminium bronze.

Q

Stainless Steels:s In gener i
shoul@ be used with caution in contaof witilsigaégigis sggiégs
care is taken to select the correct grade of Stainlesé steel
;erlous fallgres due to crevice corrosion or pitting may result
he most satlsfactory grade of stainless steel for resistance té
crevice corrosion and pitting is the 18/8/Mo grade of stainless
steel (BS970 EN58J) and this should be used exclusively for

equipments and fastenings where stainle i i i
: ss stec 2
contact with sea water. eel is required in

Where welding and hot forming without
heat treatment is required BS970 EN58B/C should be uszg?sequent
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Aluminivm alloys

Prior o 1939 the use of aluminium alloys had been
resiwicied to non-stiructural wowk Aluminium~silicon alloys in
the wrought and cas¢ forms had been eng LOJDQ but, owing to lack
of experience with these c3loyq apa 1 connecting dissimilar
metals, the results were and corrosion troubles
were Commoil.

”ubscq Lhrly qlumWW1um wags only used for minor’
g i £ Lhe sunc structure of the

’”91@4 in "*dw sheet with 5
znd HE 10 - WP sections.

internal f1
iDaring' Cia
per cent Mg

€ ~;ztra:nce b DpLoT, Uhe sheared edges
of the sheets coz rapidly, the surfaces las ting only
sligh‘tlv longer until the c:aud ing wxs damaged in spots Dby general
misuse or by the use of chipping hammers prior o repainting. Ab
these duxpg@ spots correosion was extremely rapid until complete

perforation occurred.

4% this time scme ex-wartime ncstfoyers were converted
inte frigates and the fo'cisle deck was extended from one-third
the length of the ship to within a short distance of the stern.
The whele of this addéiticnsl structure =2nd the new superstruciure
was made in aluminium (5 Dec cent Mg) alloy. 1In general, aluwainium
alloy rivets were used fo lumlnlun/v‘eGT Joints but steel rivets

were fitted at the connex :ion betwesn the new strusture and the old
brezk of fo'cisle. again the main Uroubles in these ships have
been corrosion due to stress corrosion of the alwainium alloy rivet
material and inefficient Joints between dissimilar metals. To
overcome the swess errosion problem in the rivets all those which
fail are being replaced by riveits containing less magnesium (3%

per cent). ‘

In the following year work ccommeinced on the minssweeper
programme. The low nﬁﬂnv*ac permeability of aluminium makes it an
ideal material for thece €lilps and meny of them are of composite
consiruction with frames, bulkhzads and decks of aluminium and
outer skin of wood planking.

The breakihrough which paved the way to the large scale
use of welded sluminium and which his made the fabrication of ship
superstructures ectuomically practical cceurred in the early 1950's
with the development of ithe inert gas shielded mehal-arc (Mig)
welding proccss. This process has since reached such a degree
of reliability that it h-s become & standard production welding
method for 21l sprlicstions londing themselves o shop fabrication

X i
and subseq@mu site crection,

L will be recalled,; is fluxless and
olﬂrﬁfv, the arc being siruck
‘ 2iuminium wire which

The Mig process,
utilizes a D.C. arc of reversc
[

0}

Al

A

between the workpiece =nd = 1
acts a8 both filler =nd clec . , Which is self=adjust-
ing within limited move menu o he torch, acts as an efficient
cleansing mediun while =2n enveloping “ngﬁ gae shield effectively
prevents reoxidatioin. The process, in its most widely applleH form,
is semi-cutomstic with the wire fed continuously from the end of the
welding gun at a upﬂca balancing the rate of burn-off which is
determined by the current setting needed to make the weld. For
zluminium, conditions =re normally set for Uspray-transfer! welding.

ic)
iﬂq are

Suitable hHluminium illoys

pium in shipbuilding, which
) wlkes adventage of the
hle renge of aluminium alloys
i zgium. They combine good
stisfactory vveldabllltye

The leEL scale use
automatically 1myL1 prefabrics
suitebility »f the noL“qea* trea

b
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The alloys were used in the form of plate and sections on the
welded superstructures of the "Gergensfjord,” "France," ’'Oriana,’

and "Canberra,® and are being used in similar form on the new °.E.IT
liner where the plate conforms to B...1477-NP8, and exiruded sections
20 B.$.1477-NE8Y. The composition of this material, which fulfils the
requirements of Lloyd's rules for ship coastruction is as follows:

Copper _ 0.01C per cent max

Magnesium Not less than 3.3 per cent;
C not more than 5.5 per cent.

nilicon 0.6 per cent max

Iron 0.5 per cent max

Manganese 1.0 per cent max

Zinc 0.2 per cent max

Chromium 0.4 per cent mam

Titanium Zirconium 0.2 per cent max

fihen using non-heat-treatable aluminium alloy plates and
sections in shipbuilding. Lloyd's Rules call for an ultimate
tensile strength of 17 tons per sq in. minimum with an elongation
measured on an 8 in. gsuge length of 10 per cent minimum (or 12 per
cent on 2 in.); these requirements are also being met on all
material useds; and weld strengths in the order of at least 90 per
cent of that of the unwelded material have been obitained.

sluminium Alloys are being used extensively in Naval Ship
cons truction at the present time, znd the types of alloys being
specified for this purpose are &s shown in figure 7

The use includes superstructures, mssis, bridges, boats,
composite (non magnetic) minesweepers, decks, furniture, lockers,
watertight doors. Considerable use of Aluminium alloy plates and
sections was made in the construction of the "Attack® class paitrol
boats and H.M.a.S. "Swan" and "Torrens'.

In the older "7T" class submarines in service with the I.a.V.
extensive use of aluminium 21loys was made in fin, casing, and
stiffeners. The more modern 'O' class carry very litile aluminium

external ©o the pressure hull, but internally some minor bulkheads
furniture and fittings are of aluminium.

It is anticipated that because of ivs greater strangth/
weight ratio aluminium alloy will be used more extensively in fuuure
in NMaval ship construction. However, care should ve exercised in 1ts
use, because of tie breakdown of boundaries in ship fires, and by the
large deflections of structure in the wake of gun blast, =nd by its
inefficiency in protection against bomb splinters, missile and small
arms attacks.

Varine zluminium alloys are vitually indestructable in a
salt weter environment, however, when attached to other metals in
the presence of an electrolyte (e.g. sea water) galvanic action can
occeur unless the joint is adequately protected.

The method adonted for the protection of steel/aluninium
bound tions is
nundary connections is,

(i) Griit Blast ground bar

(ii) Metal spray (aluminium) to .003"
the ground bar

(iii) Paint with 7inc Chromate primer
faylig surincés.

(iv) A P.V.C. tape is ins:rted beciween
the Jjoint
(v) tainless Steel huckbolts are

inserted ~nd driven up tight.
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(i) To insulate the structure from absorbing
sound and cearrying it to other parts of
the vessel.

(ii) To absorb ithe sound made within the
compartment.

The material initially used for ti:e purposes was maue
of asbestos fibre compressed into rigid sheet boards or tiles of
various densities. When used for sound absorption, the surface is
perforated with holes about 1/8" diameter to the extcent of 12-15%
of the thickness.

Glass fibre was introduced faced with perforated alumin-
ium alloy sheet. The practice of fitting aluminium alloy sheet was
abandoned due 1o radio interference caused by the sheet. Perforated
fibreglass sheet on 1/8" perforated board is now used in lieu.

The recent development of grouping fans into centralised
compartments for damage control purproses has necessitated careful
insulation and current policy is to use minersl fibre insulation
covered with perforated aluminium.

Considerati- n is being given at the present time to the
use of lead impregnsted vinyl as an acoustic insulant. 1In addition,
experiments are proceeding with resilient foams in engine boxes of
boats to cut down resonance and rebounding of sound waves.

Piping Tnsulation

Up o about 1950 main service and fresh water pipes were
insulated with granulated cork fixed to the pipes with a suitable
adhesive and for hot water systems asbestos cloth covered with
canvas was adopted.

More recently with the introduction of air couditioning
and conseguently chilled water, the economy of tThe plant dictated
the need for high quality light fire res.siant and vermin proof
insulation of low therms=l conductivity.

The insulations used for chilled water lines were
preformed sections of mineral fibre attached to the pipe and covered
with cotton canvas fitted lengthwise on straight sections and
and bandage fashion on bends, the seams being siuck with adhesive,
or, preformed sections of cork attached to the pipe and wrapped
bandage fashion with 3" wide pressure sensitive, self adhesive tape,
ensuring a 50% tape overlap.

Because of the advancing technigues in plastic foam
insulation materials this type of pipework insulation is currently
on trials in the fleet for hot and cold water pipeline insulation.

Extruded or preformed sections of flexible expanded
P.V.C. or urethane vapour sealed at the joints and painted with
compstible paints, have shown o give good results at an
economical cost.

Ventilation end A/C trunking.

Insulation was not fitted to ventilation trunking
until air conditioning was introduced, except for electrical
comperiments (radio offices) where the trunking was plywood to
trduce the interference znd sound problems. This method was
discarded due to fire problems.

Insulastion zapplied to ventilation and A/C trunking
was as follows:~-




- 14 -

(a) Cork slabs fitted with cotton canvas
sewn =nd painted.

(b) Mineral fibre bosrd sealed with fire
retardant paint.

Fresent policy for insulation of air conditioning
suprly and recirculation itrunking and mechanical ventilation
supply ond exhaust where it passes through air conditioned spaces

is as follows:-

(1) Mineral fibre board with glass cloth
facing. :

(ii)
(8) Flat surfaces of trunk P.V.C.

rigid expanded foam with vapour
barrier.

(b) curved surfaces, flexible plastic
foam sheet with vapour barrier.

Acoustic lining of trunking is at present being used
~0 reduce fan noise To an acceptable level, but invesiigations
are belng carried ocut into the suitability of 'packaged silencerst
Which zre positioned in wrunking in on the upstream side of the
compariments where noise is = problem. This method of application
18 much lighter, cheaper and, if proven satisfactnory, will enable
etsier handling for installation, bearing in mind that it could
substitute for 20-200 feet of conventional acoustic lining.

Although the usage of timbers in R.4.N. ship and boat
construction is diminishing, there are large numbers of wooden
craft, fittings and equipments fitted to R.A.N. ships. Indeed for
vessels like minesweepers timber hias been recognised as the best
material with which to construct these vessels. Timber furniiure
in officers' accommodation areas is also verv popular becausec of
its comfort, ease of fitting and aesthetvics.

A 1ist of commonly used timbers together wiith their end
‘uses is as shown in Tigure & .

Rot or Decay

Breakdown of wood by fungi, comnonly called rot or
decay, can occur in timber whenever the moisture content rises
above 20 to 25 per cent. The fungi wiiich cause decay spread by
means of microscopic spores which are usually present in the air,
so that any moist susceptible timber, even in almosti completely
sealed cavities, is subject to attack. Highly durable timbers
such as ironbark, tallowwood or huon pine and timbers impregnated
with a suitable preservative will resist attack even under scevere
conditions, whilst some less durable but non-absorbent timbers
such as kauri, oregon and silky ozk will not decay when subject
only to intermittent wetting. Decay susceptible and absorbent
timbers such zs ramin and P.radiasta will decay readily when wetted
by fresh water and should nnt be used in boats unless treated.




The sapwood of 211 timbers behaves in similar fashion and care
should be taken that no untrented sapwood is present on boat
building timbers.

Marine plywood is completely waterproof but its
resistance to decay depends on the species used to make the
veneers. These are chosen for their strength, toughness, weight
and finishing qualities but they zre not necessarily durable, in
fact many of the species used are quite susce;tible to decay. The
letest standard specification (435.086) conteins = warning to this
effect.

Paint is not a preservative and while it can and usually
does prevent decay starting becausec it slows down moisture
absorption it can also make wood rot faster by retarding the
drying out of the wood if it becomes moist by intermittent or
localised wetting. It z2lso concesls .he evidence of deczy and
mekes its detectlor more difficult.

Preservation - Wood preservation can very often make a
susceptible timber immune or a naturally immune timber more immune.
towever, in the latter case such as in impregnable wood it is a
waste of time wnd money o attempt to wpply preservation materials.

A good timber preservative must have the following
characteristicss-

(&) Be toxic to fungus spores;
(b) be permanent =znd leach out;

(¢} Dbe there in sufficient quantity to
ensure protecvion; and

(d) distributed evenly throughout the
timber,

Draft australian Standard Specification A4S 115/68 on
the "Preservation of Timber and Plywood" is expected to be
available by the end of 1968.

Decay presegrvatives can be of two main types:~
(2} ©il borne preservatives such as creosote and
pentachlorphenocl (P.C.P.):

Creosote is generally regarded as unsatisfactory

becausec of its objectionel odour and non drying
quslities. F.L.P, on the other hand is used
extensively in america and Holland with
satisfactory results but isustralian experience
to date 1s that 1t 1s difficult to apply good
quality paints over;g

(b) uiszter borne preservatives are available.
Tiie leachable types which include such items as
Boron, Borax and Sodium fluoride which as well
as being good fungasides are in addition
insecticides. ipplication of the above
sinould be not less than half & pound per
cubic feet.

fixed water borne preservatives such as
Copper Chrome arsenate (C.C...) is used
extensively for timber praservation =nd a
2% sonlution giving not less than half a
pound per cubic foost is quite satisfactory
~.lthough for large timbered baulks half
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inch impregnation 211 =round is quite
gatisfactory. This i1s usu=ally done
by pressured impregnation methods.

Fire Retardents. Fire retardents of monomonium
phosphate type are recommended =nd complete impregnation is
not required for prevention of spread of flome. Surface
coating only is sufficient. WMo known method of completely
meking timber fire proof is available. However, monomonium
phosphate will enable the requirements of &3 030 (half hour
rating) to be met.

Toredo Infestation =~ 3

Toredo Infestation - sShip worm. Experiemtns carried
out by C.3.1.2.0. and borne out by experiences overseas have shown
thot vimbers naturally high on the free silica have a resistance
to the toredo,and in this regard timbers such as turpsnvine have

proved guite satisfactory. Impregnation of timber with silica
salts have given good results.

Plastics materinzls ace being used increasingly in
Naval ship construction at the expense of more conventional (itrad-
ition 1)” watirzals.

The plastics proper fall =Zpart in two groups with
different thermel behavicur: the thermeoplastic and the thermosett-
ing materizls. Thermoplastics, built up of long chain molecules,
arc supple or herd, depending on structure =nd temperaiure. On

heating, they will =2lwzys soften and ultimately melit; conseqguently,
211 form-giving can be achieved by the physical process of heating,
forming =nd cocling. Easy form giving and the possibility of

~lwnys making an article suitable for re-forming by simple heating
(e.g. for bending a pipe. are smong the advantages of thermplastics,
while relatively low upper temperouures of applicability (60-1500C)
for most thermoplastics) represent a limitation.

Articles of thermosetiing plastic are made by chemically
building up the big molecules in the mould, forming a three-dimsnsion-.:
21 molecular netuwork. Mostly, this is done by hezting (hence the
neme; the material "sets' on heating), but roomtemperature hardening

is also possible. The resulting articles @re always hard and will
T

not, in ginercl, soften on heating. They nsve thus the advantages
of & better temperature-resistance and a better creep resistince

(the upper temperature of applicability mzy be 200° and even higher;
but once formed, cannot, in gener.l, be reformed otherwise thinl by
machining. If the mazes of the three dimensional molecular newwork
are relatively large, =8 is the case with polyester resins, a limit-
ed softening =nd re-forming is possible.

The rubbers or_elastomers, both natural =nd synthetic,
have the same long chain molecules as the thermoplastics, but thelr
molecules have re-active spots where they can oe chemically
interlinked by mezns of sulphur. By this interlinking (the process
of vulcanization), a limited amount of chemical knots are formed.
As a result, the chain molecules remain free in their movements,
but when stretched, cannot glide along each other. Thus the
vulcanized rubbers are purely elastic also 2t higher temperatures
-nd c=nnot, after vulcanization, be reshaped.

Synvhetic fibres are, in most cases, drawn out

thermoplastics; ihey are made by melt-spinning, followed by
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stretching. The chain molecules are then drawn parzallel to each
other ard £s a result the fibre obiains its strength. Parts of
the chain molecules will even snap into « crysial latiice; the
crystallites formed will act as physical knots between ﬂb chinins.

To evaluate the genersl properiies of plastics - a
balance of propurulbs should be made., With some danger of
generzalization, such = balance looks 2s follows:

£Avants Limitations

High corrosion resistance Relatively narrow tempersiure=-
range of applicability (espe cial~
ly with thermoplastics)

High resistance against Combustible (though in very
weathering (certain types) different degrees)

Iow weights: easy handling, For structural applicationss

low transport costs, light low stiffness

structures possible.

Easy shapeability (also of Tor thermoplastics: attack by
complicated articles) certain solvents

Low maintenance costs Relatively expensive (depends on

application)

4 table of the rplasties, synthetic rubber ~nd fibres
being used in the R.:...W. are as shown in figure...

Reinforced Tlastics

4 number of G.R.P. boats have been designed by and
are now in service with the R...N. These vary in length from
16 feet to 33 feet 2nd results to date have shown that G.R.F.
has many @dvantrges over traditional wooden craft.

The use of G.R.P. for small craft, which are to be carried on
the deck of bigger ships, has certain advﬁntng es over wood:
lower weight nd no atvback by toredos or insects. The lower
weight 1is of increasing importance due to problems of stubility
wnd welght encountered in present-day war vessels. Wooden boats
require much maintensance, especizlly in the tropics, due to drying-
up and atitack by insects. Polyester ShlpS need less keep-up than
wooden- aluminium or steel vessels. 3ince wood has to be avoided
rrogressively, thus diminishing fire risks on war vessels, uhbre Are
mangnmnstances where- ﬁ0ﬂ~fl“ﬂﬂwblc G—R F..cgn be used.,6 Tee,
Repair of polyester bozts is quite easy 1nd can be Qone, in
emergency cases, by unskilled lubour.

G.?.P. is being used in ~ number of other applications,
e.g. liferaft containers, survival pack containers, repair
outfits, submarine cL51ngs submarine m=st shrouds, ctc., whilst
consideration is currently being given to fa brication of targets,
minesweepbr floats, ~nd rope reels in G.R.F.

TEDGENENT

This paper is published with the permission of the
Derartrment of Mavy but the responsibility Tor any statement of fact
ind rests solely with the author.
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"ICURE 8
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TILBERS FOR R.A.N. SHIP ¢ BOAT CONSTRUCTION
}Modulds HMoculsés Compress- Shear
W%ight of Rup~ of Elas- ion Stre~ Stren-
DB/ wire ticity gth. gih
cu.ft.  1ps/sq. 106 1bs/ 1bs/sq. 1bs/sq.
Name . _...Usage ins. sg.ins. ins. ins.
Hoop Furniture, Plywood, 32.5 13000 1.920 7060 1650
Fine _ Cabinet Work.
Huon  Boat Planking, o )
Pine Decking, Timbers. 33.5
Douglas Joinery, Plgnklng,
Fir Engine Beds,
Deck Framing. 33.75 11855 1.90 7565 1190
Queens- Cabinet Works, o )
land Patternmaking
Kauri 29.1 9210 1.13 5586 1260
White Cabinet Work,
Pine Pauternmaklng 24.0 8505 1.33 4755 810 __
Klinki Planking, Spars,
Pine Decking. 16,75 10605 1.70 6705 1330
King Oars, Pattern=-
William making.
Pine 35.33 10000 .90 5410 1310
Sitka  Stiringers, Deck
Spruce Framing, Masis,
- SDArs. 20 .75 10605 1.50 59556 1150
Coach~ Plywood,
“wood Mouldings. 39 0 14900 2,18 7250 2115
Jarrah Keels & BEngine - o
Beds of Boats. 53 9 16200 1.88 8870 2135
Meranwi Planking =nd o
{(White) Decking. 33 10605 1.70 6705 1830
lount- Steam Bent
Lln Ash Timbers. 41 16000 2.38 2180
ueens~ Ships! Furniture, ~
land Planking.
Meple _ 38 11100 1.48 6440
opotted Timbers, Stringers
Gum Chines, Gunwales. 58 21500 2470 11000 2510
Teak Decklngq Gratings. 45 11855 " 1.19 9505 _ 2375
Tex Worked Knees 49
Tree -
White  Oars, Flanking and
Beach _ Deckin 32 10200 1.50 3780 7Q65
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Foly vinyl Chloride sheet

(P.V.C.)
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(oo, 71G.O
EXAIFLES IV R.a.N,
~ APPLIC.TION.

Table Tops, Deck Covering,
Bi-letallic Joints, Bulk-
head cladding.

Extruded Pipes, Stair Treads, Skirting,
Handrails.
Coating Upholstery, Leathercloths
~vwnings, weather Deckpcovcrb.
Foams In sulqulon, Buoyancy liaterials
Aerylics Sheet Clear 3Screens for Boats,
Bunting
Polyamides Moulded Bearings, Pump Impellers,
Door Einges.
Coating Stanchion - Fan Impellers.
Polystyrene sheet For Lockers (Experimental)

Fhenol Formaldehyde Liquid Glue

Urea and oneet M.P.L.y, Table Tops and

Ilelamine Formalde- Furniture, signs e

hiyde

Folygsier Resin G.R.F. Boat Hulls, L.R.
Stowages, I¢su1at1ng Board,
Repair Kits.

Epoxy Resin Sheathing of wooden boats
Adhesive

Polyurethanes Foam Insulation, Matiress, Cushion,
Sandwich Core on Boats,
Lifesaving .igpliance, Inbuilt
Buoyancy in Boats.

Polychloropreis Deck Coverings, Oil Resistant
Rubber for Manhole Joints etc.,
Replacement for Rubber, ohlpu
S.aft Bearings.

Butadiene Valve Seats

Polyamide Filzments Ropes Cordage, Carpets

Polyester " Ropes Cordage, Sails.

Polypropel ne i Target Tow Ropes

Fibreglass i Rovings )
I\’Tat ) GG-R.PO WOI’k
Cloth )
Curtains and Drapes
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My, R. Campbell, Australian Shipbuilding Board.

Does Mr. LAsquith know what steps are being taken for a uniform
standard of demarcation of the properties of aluminium alloys and steels?
I know designers are confused by the various standards for virtually the
same material, Doeg I.8.0. have an international uniformity in this matter.

Mr. A.R. Asquith,

S.A.A. are making positive endeavours to do this with the setting
up of the Shipbuilding Standards Committee of which the Navy is a member.
There are a number of Sub-Committees such as Nomenoclature, Piping,
Equipments, etc and it is intended in due course to deal with aluminium.
With regard to aluminium alloys in particular the Australian aluminium
companies have set up an aluminium development council which has nominated
standard types of aluminium alloys related to the appropriate Australian,
British, American and Canadian standards. These alloys are known as
DC alloys and are as shown in Fig. 7.

Mr, A.R.L. Lait, Bureau Veritas

I would like to speak for all the classification societies.
They foresaw this problem with steels some time ago and agreed to form
what is a unified steel specification. You will find that all the grades
of steel put forward by the Classification Societies are identical. The
American DBureau of Shipping have another one or two additional grades to those
covered in the Rules and Repulations of other Societies. They foresaw the
difficulties because there were only slight discrepancies and steels for merchant
ships are now the sanme. This has been in operation since 1960. There are
five grades of steel A, B, C, D and E, Some Societies have adopted all
of these but others have not.

Of course there are steels for different purposes such as D grade
knotch ductile material also geveral tempers like DH and All.

Mr., A.R. Agquith

In a conparison between the relevant specifications the U.S.4.
steels have more copper than the Australian or British steels, also they include
other materials such ag niobiun as referred to in Fig. 2 of the paper.

Mr., A.R.L. Lait, Bureau Veritas

Unfortunately with the prolification in shipbuilding that is
now taking place there are not definite specified grades as such. There are
for instance, nickel steels used in cryogenic tanks for gas tankers which
cone under special consideration for the particular construction itself
rather than as a laid down set of rules that would embrace everything.

MI‘. .[:\«G:R.o Asqui'th.

It is agreed that special steels with particularly low
temperature requirements could have application in shipbuilding.

Mr. R. Pearce, Bvans Deakin Co. Ltd.

I can confirm what Mr, Lait czays as we have just had experience
with this by building under the American Bureau Claggification. They will
go even further and accept Lloyd's grades of steel provided we have this
in stock and also accept Lloyd's certificates for their own grades of steel.
The American Bureau does go a bit further ag they are very strict on cold
flanging of steels and require this to be to their standards but for the general
grades of steel they will take either or.




Mr, AR, Asquith.

In recent papers by the Japanege they are introducing five ranges
which are similar to Lloyds and ABS and I have mentioned one of them in
nmy talk, Japanese WES 135 which is the bottom of the range. No doubt these
will also be acceptable alternatives.,

Mr. R.D. Grant, Department of the Navy

With reference to the R.A.N. Welding Code that has recently
been re-issued could you tell us whether this procedure that you outlined
tonight for determining pre-heat temperatures is clearly laid down in that
code.

Mr. A.R. Asquith

Yes, all the information that I gave ycu tonight is from
the R.A.N. Welding Code. This may be new to some of you and this was
prepared as a designer's code not an operator's code. It relates to
formilae and readings from curves which you can not expect the operator to
work outb. It is intended in the future to bring out an Operator's Ceode.

Lt, V. Gazio, H.M.A.S. Nirimba

In relation to rot and fungus development there was a problem
in this regard on one of the Ton Class Minesweepers in 1963. Have you
had experience of any further problems of this nature associated with
these ships?

I\III'. [l-Be ASquith

The basic problem of rot on these ships was a result of the type
of materials used in the construction. It was Gaboon plywood. This
plywoed is specifically mentioned in the DSS code on marine plywoods as
being susceptible to rot and should not be used. It was an unfortunate
choice to make the marine plywood from it as the base material itself was
susceptible to rot. Certain timbers such as hardwoods have a natural
resistance to rot while others like Radiator fire are highly susceptible to rot.

It is 2 waste of time trying to chemically rot proof hardwood
as there is practically no penetration of fthe timber fibres. Soft wood
such as radiator fire which is vexy porous can be successfully protected
using pressure impregnation methods thus making them more durable to rot
than natural hardwoods.

My, S.M. Rodgers, Eken & Doherty Pty.Ltd.

There is a point on your method of joining aluminium to steel
where you listed five (5) items of which the first and last are
straightforward but the other three are all of an anti~-corrosive nature.
What is the respective importance of these and is it essential that all
three are used together.

Mr. A.R. Asquith

The first essential is to grit blast the steel ground
bar to bore metal to enable a good coating of alumihium to be deposited
to a thickness of 0,003 inches. Secondly, it is essential to ensure an
insulation medium between the steel and aluminiunm which is done by inserting
a PVC tape between the Joint. In addition it is usual to apply a mastic
conpound around the Huck bolt and on the top and bottom edges.

This method of joining dissimilar metals has proved satisfactory
and with few failures in present ships.




Mr. S.M. Rodgers, Eken and Doherty Pty.Ltd.

Are you satisfied that this method on this type of joint gives
sufficient practical resistance to corrosion or are you still looking for
a better corrosion resistant joint that is cheaper.

Mr., A.R. hsquith

No. We are sure that this method using huck bolt fastenings
will give satisfactory results in service. However further investigations
into Kaiser Aluminium bi/metallio strip is being nade. This material
appears to have application in Naval Service.

Mr. R.J. Luft, University of N.S.W.

I understand that when the stainless steel huck bolt is
inserted it is coated with a mastic and then tightened. Isn't it possible
there could still be netallic contact even with this mastic.

Mr, A.Re Agquith

Yes, this is true. The mastic will squeeze out but we are not
t00 worried about contact of stainless steel to aluminium which are
close on the galvanic series scales.

Mr., A.G. Mitchell, Cockatoo Docks.

Seeing the photographs of H.M.A.S. STALWART; also your
comments on furniture,what is the present Navy Office opinion on the use
of chip board and other particle boards none of which are mentioned in
your paper.

Mr. A.R. Asquith

In ny opinion they are not suitable for Naval ship combtruction.
Fire tests conducted in accordance with SAA code 430 gives them an early
fire hazard index of 60/70 which means that although these materials may
deal with the onset of fire they are not fire-proof.

It is our intention that any flanmeble articles on board ship
should be ultimately replaced and this includes shipboard timbers and
other flammable plasgtics.

Mr. A. Hunter, RANATE

Ig it likely that pumping, flooding and draining services,
piping, valves, etc will be taken over by plastics?

Mr. hoR. Asquith

Plastics are being used in piping services to a limited
extent. Such applications are on pre-wetting, wash down systems, drains
fronm washbasing and other wastes, circulating water to small auxiliary units.

On some of the more complex pipework systems where smooth bore
high velocity flow is required consideration has been given to the use
of G.R.P. piping.

Neoprene seated butterfly valves for sea water isolgtion purposes
and ventilation shut down valves have been introduced and are giving good
gervice.

Mr. Chapman, Australian Shipbuilding Board

In regard to the use of plastics, power stations for
electricity generation are using plastics extensively in conjunction with
instrumentation.




In discusging the history of sgteels your paper starts off quoting
yield stress then proof stress and completes with yield stress again.
 Proof stress of course is a requirement with aluminium alloys because the
yield point is not apparent as it is with steels. It is inferred from
this that by quoting the proof gtress for these special steels that the
yield point is not apparent and the proof stress rust be used?
4t what percentage of elongation is this proof stress located?

Page 2 of the paper refers to the D.W. steels of 35-41 tons for
square inch U.T.S. with 16 tons per square inch yield. UXW a gtress of
34-33 tons for square inch and that range does not show muich advance on the
previous one but the proof stress is 25 tons per square inch. It is not
known which side of the yield point this is on. Could you state what the
percentage proof stress would be?

Mr. A.R. Asquith

Plastic yielding as determined by the yield point is of
extrene importance in questions of design, for in structural members
subjected to static loads, it is necessary for the load to be sustained
without deformation. Medium grade Carbon/Menganese steels have a
definite yield point beyond which the steel will permanently elongate.

With aluminium however no definite yield point can be
established and it is usual to nominate a figure of 0.1% proof stress
ag being the design value (equivalent to yield point).

Plagtics on the other hand usually elongate under stress with
straight line proportion and the ultimate point is reached rather suddenly.

In the low carbon steels the yield point as shown in Annexe 'A!
is well defined, whereas in stainless steels and hardened steel it lacks
precision and in these cases the proof stress is taken as the permitted
stress. Praf stress can be defined as the load which applied for not less
than 15 seconds produces a permanent set of 0.1 percent ?0.1%) of the
original gauge length.

Mr. R.J. Luft, Branch President.

I would lke to thank Mr. Asquith for coming along and giving
such an interesting papex, The question of materials always exercises
the minds of designers because the whole success of a design depends on the
naterials with which it is constructed. We can all do a considerable amount
in bringing ourselves up to date which is vexy difficult as it is always
changing and for thig reason we are very grateful to Mr. Lsquith for his
paper tonight.
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