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From,a classification man it will usually be expected that
he says something about strength of ships. Before I do this
to-day I 1like, however, to say a few words- about speed, from a
point of view of general interest.

.Table l is a compilation of main data for some typical
tankers of all sizes divided into five groups according to their

- Froude numbers,.which are given in the last column of the table.

- The. very first ship of Table 1 is one of the three small
wooden sailing ships which in 1877 were converted at a small
Norwegian yard to tankers for carrying oil in bulk. Five years

‘later the same owner converted two other similar ships in the

same way. These five sailing ships were probably the first tank-
ers in the world to carry oil in bulk.

It will be seen from the first group that the 1k 4500 tons
motortanker built in 1928 had the same Froude number as the
sailing ship of 1874%. 'Similarly the second group shows that the
3200 tons iron steam tanker "Glickauf" of 1886 had a Speed
corresponding to the speed of the 85,500 tons "Universe Leader"

of 1956, The third group shows that 12 knots for the 12,600 tons

"Mos1li" of 1935 corresponds to 16# knots for the 104,500 tons
tankers to be built at the Kure Shipyvard in Japan. And as seen
from the fourth group 13# knots for a 15,000 tons ship corresponds
to 16 knots for a ship of 35,000 tons deadweight and 19 knots for
the 106,500_tons tankers ordered from the Bethlehem yard at. Quincy.
The "Vesta" of nearly 20,000 tons deadweight in the fifth group
is an exoeptionally fast tanker judged from her Froude number.

In Table 2 a few modern dry cargo ships of different sizes
have been put together for comparison with the tankers. Their.

Froude numbers vary from 0. 22 to 0. 27, while the Froude numbers -45

of the tankers vary from 0.1k to 0.21 with the majority of
modern tankers at about 0.18.
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- The brake horsepower per ton deadweight is given in the
second last column of the two tables. This figurezis probably
easier to visualize'than the Froudé number. For the tankers it
varies from 0.2 to 0.5 with the majority not above 0.4, while for
the dry cargo ships it varies from 0.7 to 1.7 with about 1.2 as

.a fair average.

What this means can be seen from the diagram Fig. l where -
BHP per ton deadweight is used as ordinate and speed as abscissa.

_Each curve represents a constant deadweight, i.e. increasing Shlp

dimensions and decreasing block coefficients with increasing speed.
With BHB/DW = 0.4 a 20,000 tons tanker would have a speed of
l5& knots, while with BHP/DW = 1.2 a 20, 000 tons dry cargo ship
would have a speed of 20 knots and a 20, 000 tons tanker 20% knots.
With BHP/DW = 0.4 a 100,000 tons tanker would have ‘a speed of
18 knots,. while with BHP/bW l.2 a tanker of the same deadweight
capacity would. run at. nearly. 25 knots. o
‘ - Remembering that tankers.are at sea some 300 - 320 days a year
compared with 200 - 250 days for dry ecargo ships, it seems surprising
that the tankers are run at such a low speed. It is, however, not
surprising that private owners who time-chhrter their tankers to oil

: companies keep the speed as low as the charterers will accept, as

long as they are not sufficiently paid for extra speed with the
accompanying increase in.ship simensions and capital cost.  But that

. the 0il companies keep the speed of their tankers as low as they do L.

must be due to their way of calculating the most _economic .speed.

If by most. economic speed one means the speed by which the
ton/mile of o0il cargo is carried at the least possible expenses, one
gets a low speed, which should practically correspond to the speed
at which a private owner would try to run his ship when the freights
are so low that they may just cover his expenses. But if in addition
to expenses one also calculates with an income due to an average
freight rate and by most economic speed means the speed at which the
ton/mile of o0il is carried with the.maximnm return on the invested
capital, the speed should usually be higher. ,

With the present practice tankers and dry. cargo ships cannot
both be run at the most economic speed. Something must be wrong
somewhere. It is not suggested that tankers éhpuld immediately be
speeded up to the same level as dry cargo.ships. But the difference
in speed between the two types is so large that there might be a
possibility of choosing something in between.
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Stnéngth

~ Why do tankers break?

. During the first 40 years of this century I estimate that. as
an average-about one ship per year has broken in open‘sea, taking
the total for the ﬁhole world. During World War II the number- in-.

- ereased heavily. For a while broken ships became an epidemic among
[ the ships welded together in U.S.A. during the war. After the war
. the average can be estimated to about two broken ships per year. -

'ing was torn off in tension.

Ships built in America during the war are still among them. A good
many of the broken ships have been tankers. _
A total of seven ships belonging to the_Norwegian merchant

‘fleetvhave broken in open sea, the first one in 1939, the last one in

january 1958. They have all been tankers, ranging in size from
11000 .to. 15000 tons dw. all riveted or at least partly riveted, and
all built with .transverse framing. They all broke in very rough sea
and in fully loaded. condition, which means that the maximum bending
moment was in sagging with compression in. deck. and tension in bottom.

" The break. was.exactly amidships, through center cargo tank . No. 5,

the tank aft. of the pump room.. L

Calculation has.shown that these. tankers were not safe against
buckling of ‘deck plating between two adjacent beams at the compressive -
stresses. to.which the deck has. probably been exposed. TTheifailure~;
has probably started with a fairly sudden collapse of the deck plating
in. buckling between. two. beams. resulting in such a weakened section
that the bottom plating has been torn off in tension, and half a
wave. length. later, when the ship was'exposed to hogging the deck plat-

Especially from American side the objection has been raised

against this theory that buckling of the deck will only reduce the !
section modulus a very small amount, not sufficiently to explain
why the bottom plating should be torn off so suddenly. Personally :
I believe that under ciﬁéﬁmstances when buckling occurs right across
the deck the buckling stress may suddenly. be reduced to say less
than a third of the theoretical critical stress with the result that
therg will be practically no resistance left in the deck,‘and this _
should reduce the section modulus sufficmngly]tq explain the failure. _
For columns it has .been proved theoretically as well as experimentally .
that under certain circumstances they can snap off at a much lower
load than expected. No doubt the same can happen also with plates.
The failures mentioned have shown clearly that it is wrong to

~




build tankers larger then say 400 feet in length with ’tawartship g
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stiffening in deck and bottom. Since about 1950;it has also never
been done, as far as I know.
The tanker which broke in January this year was the first and

,up till now the only ship classed with the Norwegian Veritas which

has broken in the open sea. She was 20 years old and riveted. The
upper part of fig. 2 shoma how she was actually loaded when she broke,
while the lower part shows how she might have been loaded if one had
taken care to reduce the bending moment as much as possible. The
trim of the ship is the sameé in both cases. The actual distribution
of.cargo resulted in a still water bending moment of 33,600 ton-meters,
while the proposed dlstribution gives a still water bending moment

of. only 4000. t m.. .In both cases must be added one and the same wave
bending. moment . which. for very rough sea has been calculated to about
57, OOO t.m. .The. total bending. moment in. heavy storm has still been
about 50 % larger than necessary with -a careful distribution of cargo.
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This shows that it'is not.easy to teach all sailors how.to.

‘distribute the cargo. Many of them still seem to believe that it is

wrong to have an empty cargo tank amidships and prefer to keep the
empty'tanks at the ends. For_large,tankers.it,is}therefore,essen-
tial to have a loadicator or other instrument'on'board to show how
the cargo should be distributed to give a reasonable bending moment.
Most of/ships which have broken during and after the war

‘belong 'to an entirely different category than the Norwegian broken

ships. The tankers have been longitudinally stiffened and have
had sufficient strength juydged from ordinary bending calculationso
Most of them have been welded. They have never broken 1n warm
weather, but always at temperatures near zero or a little below
zero centigrade.

One explains this by a temperature dependent pr0perty of tHe
steel. material. This property will not be detected by usual tensile
and . bending test, but will show up if the test pieces are given a
notch or other means. of stress concentration. The property also
‘depends upon the chemical analysiﬁ'and the method of production.of
the. steel. The trouble with the American war-built ships was to a
great extent due to their steel containing too much carbon and too

,1ittle manganese.- Te-day one requires above certain thicknesses

that the steel must be killed by silicium and a littde aluminium,
and where the finishing temperature in rolling is not kept at avout
30°C the steel should glse be norm#iized to keep the grain size

'down and get an even product. Usually only Siemens Nartin steel

and electro-steel are accepted ‘for ships,‘but some of the new
methods of producing steel in converters by blowing with oxygen may
be accepted after very thorough tests. It is necessary to control
the content of nitrogen, slag inclusion and grain size,.take:Baumann
prints, watch the ageing in notch tests etec. Ordinary Thomas steel
has never been accepted for ships and is still more dangerous now
when the ships are being we lded., |

The phenomenon of brittle fracture is also closely connected
w1th the design of structural details and the workmanship03 Sharp
corners and other reasons for stress concentrations, straight
brackets, doublers, holes of shapes most common in shipbuilding,
too abrupt changes in ‘the dimensions of girders etc. must be avoided.
If it is unavoidable to make a hole in the deck or the shell of a
tanker it is wise to consider how such a hole would have been design-
ed if it were not a ship but a pressure vessel, and remember that




-6 -

. that the. stresses in deck and bottom of a tanker may be considerably -
' higher than they are in a pressure vessel. The designers of ships
can do much to avoid stress concentrations and Socalled hard spots
. where cracks easily develop. . But even with a very thorough inspec-
tion and many X-ray pictures and using only certified welders, it
' is difficult to entirely avoid spots of bad workmanship. In any
case it is unrealistic to rely upon the workmanship being 100 %
perfect in everj spot and corner of a complicated ship. But every -
| unperfect spot of a weld is equivalent to a stress raising notch
which will always be a latent danger for the initiation of brittle
cracks. Theréfore one has to 'specify nothh tough steel and increase
cost by insisting upon soft designs of details.
When discussing the value of one or more riveted seams as
| crack arrestors one should remember that one does not make a welded
ship riveted. by fitting a few riveted seams. The structure is still
rather monolitic. Carefully made riveted seams have, however, been
+ able. to. stop small.cracks, but cannot be relied upon stopping big
cracks which have already. developed considerable energy and run
very. fast.. And if seams are fiveted the plate edges must not be
~sheared and the rivet holes not punched, because such cold working’
' 1s ageing the material and many cases are known of cracks having '
| started at such strain aged edges or holes. This oldfashioned
workmanship consists a danger, making riveted seams crack initia-
tors instead of crack arrestors.
Six years ago two American T2-tankers broke in the same storm
!  east of Cape Cod, which lies on the coast between New York and ‘
Boston. A Norwegian T2-tanker classed with the Norwegian Veritas {
. but exactly like the Americans, was in the wicinity and had to
ﬁ stand the sape‘storﬁ; When she came into port it was found that all
" those boptomllongitudinals_mgrked with a small circle with numbers
"1 or 2 inserted in fig. 3 . Bad broken where marked. All these
longituginals were in line'wifh the vertical web girders on the _
'thwartship bulkheads. Practically every longitudinal of this type
in cargo tanks 3-8 had broken. None of the other bottom longitudi-
nals were broken, although they were all of the same dimensions as

‘ the broken ones. . , L o o ,
i The longitudinals which broke always did so close to a bulk-
i head where they had been connected to the vertical webs by large :
! brackets, as shown to the left in fig. 3. We attributed this
mainly to the large difference in stiffness between the vertical
webs and the longitudinals. After this lesson we strengthened all
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our T2-tankers by adding a web to these longitudinals as shown.in
fig. 4, thereby increasing their stiffness. Nothihg else was
done. And since then nothing has happened with our TI2’s, exeept
the usual legkigges in the corners between the longitudinal and
‘thwartship bulkheads, an . unremediable disease common to all.
T2-tankers. Other classification societies strengthened their
T2’s by adding 15 £ to the total section modulus, which means
about 20 % of all longitudinal steel, a much more expensive Jjob,
and it does not seem to be safer, because the original section
modulus was not less than for other tankers.

From figs. 3:and 4 can also be seen that the girders on the
corrugated bulkheads in the: T2-tankers were - fitted on one side of
the bulkhead only. This is a design which has given much trouble
and many‘people do not like corrugated bulkheads because of this

‘trouble. As to one-sided girders r g. 5 gives en example-of.

stress measurements made by‘our Norwegian Institute of Ship
Research. It shows that at the ‘inner bulkhead corner there is a-
stress concentration factor of about 4.. When calculating the
girder strength nothing of. the bulkhead plating .can- be _.included .

. as flange. The correct way of designing a glrder for a corrugated

bulkhead is to make it symmetric with the bulkhead near the neutral
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AXis where.the. stress is low, as shown in fig°-6°

. Anbbhér point in connection with corrugated bulkheads is i

that not only. the section.modulus,. but also the moment of inertia
of the corrugations. should.be controlled. This is advisable to
kegﬁ,not only the. stresses, but also the deflection at a reasonable -
Iimit.. .When in addition details in the connection between corru-
gated bulkheads and othéer bulkheads are watched for continuity,
there should be no fear for the.corrugated bulkheads. _

‘Fig. 6 shows also the longitudinal centreline girders at bottom
and deck. Longitudinal stiffening of these girders has been suggest-
ed because such stiffening will give better safety against buckling,
with less weight, than will the orthodox vertical stiffening.

Fig. 7 1is a picture which has been shown very often of the
T2-tanker "Schenactady" which broke in two daring the war when.
lying at the builders’ quai before deliVery. The picture is usually
taken as an example of the possibility of brittle failure even with .
no bending stress. But it should be noted that the two halves of

" the ship lie at a large trim angle against each'othér, which is a

proof that the ship must have been exposed to a large bending moment

when the failure occurred. Right aft and forward the ship is touch- .

ing the bottom of the harbour, otherwise the trim angles would have
been still larger. Officially the max. stress due to the still
water bending moment caused by careless distribution of ballast




has: been. given'as 760”kg/Cm2. Judging from the large.trim angles
of the. two halves it may have been larger. To this stress must be
added. temperature stresses caused by reduction of the air tempera-
turé during the winter afternoon, while. the water temperature
remainéd the same. until the ship suddenly broke late in the
evening.
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Figs. 8 and 9 show the two halves of the 32,000 tonner
"World Concord" which broke in two in the Irish Sea in November
1954, only one year old. The two halves both lie on even keel
which means that there has been practically no still water bending
moment when she broke. But the wave bending moment was probébly
high. The fracture was brittle throuphout. The steel material had
very little notch toughness and was very uneven with coarse grain
owing to the rolling having been finished with a much too high
temperature.

She broke close to a ’thwartship bulkhead amidships. Only
50 mm from the bulkhead was a welded butt running right across the
ship. The butt can be seen in fig. 10. It is undoubtable a mistake
to have two weldings so close together, such a design accumulates

too much energy in residuary stresses.
Fig. 11 shows that no trace was left of the two longitudinal

bulkheads at their connection to the ’thwartship bulkhead. The
longitudinal bulkheads had been made intercostal and the case shows
that fillet welding is not a good comnection. Longitudinal bulkheads
should be made continuous, at least the upper and lower strakes of
them, because the highest stresses are in the longithdimal direction

of a ship.
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: Fig. 12 shows how the main crack along the bulkhead has stopped
for a moment. The crack has then jumped several meters and started
again-at a hard spot at the deck girder where it could be seen from
the herringbone pattern that it had run in both directions. From -
this picture it can also be seen that the fillet welding between the
scalloped longitudinals and the deck plating has not been strong,
none of the- small lips between the scallops having broken.

From fig. 11 it can also be seen that all the longitudinals
had broken some distance from the bulkhead, at the end of the brackets.
The details can be seen better in fig. 13, which is a short distance
picture of two of the longitudinals. They have broken at the end of
the brackets because this end represents a hard spot, especially
because the brackets have been overlap welded. The lesson is that one
should try to avoid overlapping of this nature.
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Norwegian Veritas’\Rulesq

In the Norweglan Verltas we have for some years spent a great.

- deal of thought and money on the question of building rules for. very

large tankers.. More than a year ago we sent out a preliminary draft

' as a recommendation how. to build large tankers, and mearly half a

" year ago our Committee adopted our Special Rules for the Construction

- of 0il Tankers of Length greater than 200 meters. A complete edition
- of our revised Rules is now being printed and will be available for

sale in about 3 months. I shall not go into details here, but be-
lieve it may be of interest to mention some main points in connec-
tion with the development of the Rules.

In most longitudinal strength calculations it has been custom-
ary to use a wave- height of 1/20 of the wave length. This has been
shown by the lower dotted straight line in fig. 14, in which several
observed. wave heights have been marked. It will be observed that all
the observed points given in the diagram lie above the straight line

= L/20 for wave lengths less than 250 meters. The upper curve

covering. the largest observed data'has?been suggested by the British
Admiralty Ship Welding Committee. Inffhe Norwegian Veritas we decided
to.use a somewhat lower curve given by the equation H = 0045,L0°6mete:&,
ers,;which gives larger wave heights than L/20 for wave lengths less
than 245 meters, but less heights above this length. It follows
approximately.the same law as the curve of the A.S.W.C. but has an
amplitude of'only 80 % of the latter. The largest waves are so

rarely met with that we think this reduction to be justified,. It

should also be remembered that the value of wave height ramplitude
chosen for static calcéulations has only a relatlve importance, 1t
must be seen in conjunction with the nominal stress allowed.
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f . _For simplicity the calculation of wave bend1ng moments are

- very often carried out without Smith’s correction, which takes '

l into consideration the difference in hydrostatic pressure 1n wave
"' erests and troughs. Doing so one refers to the relativity of the
calculation, stating that if the same procedure is used throughout
V this should give a correct result. That this is not so is seen [
! from fig. 15, where the curves give the dependency of the wave
bending moment on the draft of the ship.- - This and similar results
| for other'bIOck coefficients show that without Smith’s correction

iﬁ the wave bending moment increases with increasing draft, while
! with Smith’s correction it is independent of the draft. It is

f: therefore necessary to include Smith’s correction. |

!: In addition to the wave height it is also necessary to know
f: which length one should choose to get the largest wave bendlng

:; moment. The result of calculations with different wave. lengths

| _have been given in fig. 16, where they have been made dimension- -
| less by comparison with the bending moment at a wave length |

ﬁ equal to the ship length. It is seen that if the wave height is

. proportional to the length, say H= A /20, the maximum bending
moment occurs at a wave length somewhat larger than the ship length.
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But if the wave height is_made proportional to Apfé the‘maiimum

bending moment occurs at a wave length equal to the Ship length.
On the basis of our calculations for ships with different. .

fullnesses we have found that we can write the wave bending moment

in sagging ‘ c.+0.8 '

Bsag 1. : “Bsag

where ¥ = the specific gravity of sea water,

Ppsag = 1.44/100 is a wave moment constant for sagging.
The Wave bending moment in hogging can be written

o o72nmy
Mpnog = Cpl BEY DBhog,

whe?e BBhog = 1.55/100. |
The wave bending moment is defined as the total bending

moment in waves minus the still water bending moment.

| Up till now we have not sufficient data to show that it is
neéessary to take dynamic effects due to speed and other motions
in a seaway into account for the midship stfength of tankers.  We
have, however, started a systematic research programme in collabora-
tion with the Norwegian ship model tank to try to find out if and
how dynamic effects should be taken into account. B
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o ' Fig.1 L
The still water. bending moment 1s largely influenced by

the distribution of cargo, ballast and other weightsoc We have..
standardizedd fhe calculations to give the influence of .a nominal
cargohtanknlength,relative.tovthe ship length, with block coefficient,
engine.room weight and bunker weight as parameters. Fig. 17 shows

t the result of such a calculation for a loaded shiP with three diffe;'

: rent block coefficients, two different bunker weights and an engine

ﬁ.room weight of 2.7 % of the displacement For loaded ships in
: sagging we have standardized on a bunker weight of 1 % of the dis-.
v placement placed aft, i.e. the upper fully drawn curves of fig. 17.

If the curves are approximated by straight lines this still. ‘water
bending moment can be expressed aS' ‘ B 8 ' :

Mg, = 0. 43 L Bd1 (c =0. 62)(0 76- 'L/L)

With regard to nominal cargo tank length 1 the basis of this
is the cargo tank length wlth a homogeneous distribution_of cargo
with the'ship trimming onveven'keelo"This is often less than the
actual cargo tank length, because in many tankers the cargo tanks -
are carried so far forward that the ship_willztrim.down with her nose |
with anTeyen distribution of homogeneous cargo.. But no captain likes
to go to sea with a larger draft forward than aft. The only realis-
tic scheme is therefore to shift the forward cofferdam so that the




| | - 16 -

'@hip will be lying on even keel with the minimum bunkers on. the
'voyageo

The dimensions and pos1tion of the pump room and eventual
ballast tanks are taken care of as corrections to the cargo tank
Jlength. In large tankers it has certain advantages to have the
J&ump room aft. This will, however, usually mean a larger bending
?homent compared with a case where the pump room is amidships. 1In
;such a case, to avoidvthe penalty of a larger steel weight, it is
fof advantage to arrange a ballast tank amidships not connected to the
‘main cargo pipe line. '
| Adding wave bending moment and still water bending moment we
get the total bending moment. BRut while the still water bending
”moment is always there the wave bending'moment used in our calcula-
‘tions is very seldom obtained in practice. We therefore put more
‘weight on the still water bending moment than on the wave bending
fmoment. We do this by stipulating that when the still water bending
”moment is 60-% of the wave. bending moment the total maximum stress
shall not . exceed 1500 kg/cm . This stress is, in other words, divided

4as 940 kg/cm due to the wave bending moment and 560 kg/cm2 due to the

}

:Stlll water bending moment. For this case we therefore require a mid- . -

“ship_section modulus W = MB/9%0 = MSV/560° For other ratios between
&the two moments we put
] . W= $(Mp/940 + Mqy/560).

Using the approximate expressions obtained by. our calculations we get

ﬁw = 0022(CB+O°8)L2 6B+38 5 L Bd [kcBmooéz)(0076=z)+§;%39—} o3
P o

ﬂwhere ® = engine room weight in % of the displacement

yand L, B, d and 1 are in meters.

X . The second part of the formula represents the influénce of the

'still water bending moment, which is decreasing with increasing cargo

‘tank length. But the calculation of the still water bend1ng moment

nhas been based on an even distribution of homogeneous cargo:. The
ﬂlarger the tark length the larger will also be the cubic capacity and
the more danger there will be that the mate will not distribute the
cargo evenly, especially with very large tankers which carry crude
011 with a specific gravity of not less than 0. 8 We have therefore
lfound it necessary to specify a minimum section modulus’ be low which .

1t 1s not allowed to go whichever may be the cargo tank length. Our

‘minimum is given by the formula > 0. HR(C +0. 8)L B om?
)
wwhich is tWice the first term of the previous equation.

-

,
"
L
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In fign 18 are given .a curve for the. section modulus
¥ required by. ‘the load line rules. and gome distance- above a curve
i for our minimum. The two. fully drawn.curves somewhat higher again
 represent our. requirements for a cargo length of 61 § of the ship
4 -length..‘The two uppermost curves are the requirements of Lloyd’s
Register for the same tank length according to a circular of last
year.. Lloyd’s. does not seem to require that the ship must be on
eVen keel, wherefore their tank 1ength may be larger than ours
for the same ship and the requirements correspondingly reduced,.
| In any case all shipyards will very soon learn to choose an arrangee
~ment which brings the section modulus down to minimum, ‘and: the mini-
mum requirements are practically the same for the Norwegian Veritas
o and Lloyd’s Register. For arrangements which do not- bring the
¥ section modulus down to minimum Lloyd’s Register seems to consider
b the still water bending moment only, while the Norweglan Verltas
has ‘considered it more correct to use a combinatlon of the still
water and wave bending moments° The influence.of the cargo tank
length 'is therefore greater with Lloyd’s than: wlth us. .

In connection with design I like to mentiope one_guestion
! which I think is rather important for supertankers° 'To obtain the
: necessary midship section_modulus one must- have a certain Cross-
sectinnal steel area in deck and a certain area in bottom. These
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areas consist of plating plus longitudinalsg' To get a sound job we
‘think that even in the biggest ships one should aim at a plate thick=
‘ness not exceeding 40 mm, and no doublers, because doublers have a

‘itendency to cause stress concentrations and cracks and are always.a

‘nuisance in welded ships° This requirement ean most easily be met

by fitting a larger percentage in the cross-sectional area in the .

;‘longitudinals than usual with the smaller tankers. To our opinion

~ this is a better design frem every point of view. Flat irons or

' slabs seem to be very suitable as longitudinals for very large
}tankersg, They can be given a large cross- sectional area, can easily
' be carried through bulkheads and are stable against tripping when

their height is not larger than 15 times their thicknessg There is
no reason why, for. the. biggest tankers one should not have 40 or

, perhaps even. 50.-% of the deck and bottom Cross- sectional areas in

the longitudinals." . S ,
I ‘mention this because there.seems to be a different view
in America. at the moment. The mammoth tankers w1th American class-

: are built with large plate thickness and doublers and small longi=

y tmdinalso. The.- reasoning seems to be that because previous experience

" has been with the T2 size of tankers where the longitudinals consti- ;j

tuted only 15% of the section ‘modulus and the plating the remaining
85 % one should also with the much bigger tankers retain a plating -
or shell modulus of .85% of the total. In the T2«tankers there has b
been considerable corrosion of the longitudinals, which is also said .
to be. a reason for adopting only 15 & of the area in the longitudinals.
In this connection it should, however,,be remembered_that the T2’s have
been used to‘avlarge extent for light oil like petrol,‘whereby the
corrosion will be heavy just below deck, while the super tankers are

used ‘only for crude oil, which seems to cause pitting on the horizon-
tal lower surfaces like the bottom plating and not so much on the web
surfaces of the longitudinals. Also the percentage reduction by
corrosion will be much less in a slab of 30 - 35 mm thickness than it
is in a web of 10 - 11 mm thickness. B

Another important question for large tankers is the shear ort .

Ié has its maximum at about L/4% from both ends and this maximum
divided by the cross-sectional area, i.e. the shear stress, will be
much greater for large tankers than for the conventional size of

ships It is therefore necessary to consider it.
When calculating the wave shear force it is necessary to

include Smith’s correction just as it was shown for the wave bending
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moment. Fig. 19 gives the dependence of wave shear on draft with
and without considering Smith’s correction.

According to our investigations we can with sufficient accuracy
use the following expressions for the maximum wave shear force

C.+0.8
Gpsag = 007 —%3—— YHLB

Unog = 0+053 Cp YELB.
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Fig. 20 shows still water bending moment and shear force
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c¢urves for an ordinary fnllrtanker. The still water shear force .
-maximum will always be. at the ends of.the cargo tanks, i.e. at the.
cofferdams fore and aft. |
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L ig. 21 shows the variation of the qt111 water shear force
‘w1th the cargo tank length ratio for two different block coefficients
'and two different bunker weights. .

The maximum sti11 water shear force in loaded condition with

|a bunker weight of 1% of the displacement ¢an be written

| Qy = 2- l‘YLBd(C 20.62)(0.76= L)

“ It is reasonable to allow a maximum shear stress which is half
of the maximum direct bending stress allowed amidships. With a simi-
llar subdivision between wave. and still water stresses as for the.
[pending stresses and with the assumption that the shear stresses are
Aéqqally divided over the crossesectional area of the vertical plating
’.we get for this area '

S 7. Dbzt = %(QB/'WO + Q,/280), |
,‘where D is the moulded depth of the ship and Xt is the summation
:Jof the plating thicknesses of the two ship sides and the longitudinal -
bulkheads at-the -position of maximum shear. Introducing the prev1ous-
 1y given expressions and adding the correction for engine room ¢

,‘\ N
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ﬁweight we get

DEt = 3—(0 +0.8)L1° 613 + LBd [3 eu(c -0. 62)(0 76- L 2_y4 —zggﬁ} om®

ulth the minimum requirement DXt = 3é S(C +0. 8)L °6 cm2.

This thickness of plating is required for 10% of the ship
length on both sides of the quarter length points. It is recommended
to carry the longitudinal bulkheads a good distance into the engine
room aft and also into the dry cargo space forward. On the other
hand the thickness of the side. plating amidships, where the shearing
force is small has been reduced compared with previous practice and
is now made £ = 10 + 0.05 L mm with L in meters ( > 200 m).

b Often the longitudinal bulkheads are made with horizontal
corrugations. Not knowing how corrugated bulkheads would take up
vert1cal shear forces we have made comparative tests and measured

the shear force deflection of plane and corrugated bulkhead models.
From the results of these tests we have decided to consider a horizon-
tally corrugated bulkhead as equivalent to a plane bulkhead with

_ Or 8 of the thickness.of the corrugated bulkhead. _ '

3- ‘With regard to local strength I may’ mentlon that we allow a
max1mum direct stress of 600 kg/cm2 for bending of long1tud1nals in
deck and bottom between supportsg For longitudinals on the ship
sides halfway between deck and bottom we allow 900 kg/cm because

-h%re there is no stress due to the longitudinal bending of the whole
stiip. For intermediate positions we interpolate linearly.

k All web glrders are watched very closely for buckling or
trlpping° We have systematized the calculation of buckling stresses
for rectangular plate elements so that the men controlling steel
draWJngs at our main office can easily pick out all necessary infor-
matlon from diagrams.

H“ There are, of course, a good many other details to watch when
designing a large tanker. I hope, however, that the first part of
mﬁhlecture where I mentioned cases of failure, together with the sec-
ond part in which I have tried to give a summary of the main strength
calculatlon will be of some guidance when you read the rules of

'the Norwegian Ver1tas. '




