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Optimising hull steel weight for overall
economic transportation

Dr. M. A. Shama* investigates the effect of structural optimisation on the economy
of transportation, emphasising the loss of income associated with deviation from
the optimum hull steel weight—a criterion for determining the latter is presented

THE STRUCTURAL ‘DESIGN of a ship has a
direct influence on her operation, safety
and cconomy of transportation. There-
fore, the design procedure should be
rationaliscd with particular emphasis on
structural safety and optimisation.” A ship
should have adequate strength to resist
the loads imposed by the hostile sca en-
vironment and at the same time she
should have the lightest possible stecl
structure (1). Ship structure optimisation
thus becomes an essential part of the
design process.

Structural optimisation has direct and
indirect effects on the economy of trans-
portation: the direct effects are the in-
crease in deadweight carrying capacity
and the reduction in initial ship cost: the
indirect effects are the loss in deadweight
carrying capacity. resulting from increased
hull flexibility, and the increase in main-
tenance and repair costs, resulting from
the frequent breakdewns and failures of
local structural details. The delays asso-
ciated with these failures also have an
adverse effect on the earning time of the
ship. -

This article outlines the economical con-
sequences of structural optimisation and
provides a criterion for the determination
of the optimum hull steel weight. It also
emphasises the need for data collection on
structural failures and associated costs and
delays.

Much work has been done in recent
years on various approaches to ship struc-
tural optimisation (2, 3). However, it is
not the purpose here to examine any of
these approaches, but to illustratc the
imphct of optimisation procedures on the
cconomy of ship operation.

An outline of an optimisation procedure
is iHlustrated in Fig. 1. It is shown that it
should be possible to obtain the optimum
structural configuration which gives the
lightest hull steel weight satisfying the
requirements  for safety as well as
economy. For large ships, structural
optimisation becomes very. desirablc as a
saving of more than 1000 tons of steel is
feasible. This is confirmed by the reduc-
tion of about 600 tons of steel i a 47 000
tons dwt tanker of the “pudgy type"” (4).
This saving of steel is achicved just by
using optimum ship dimensions—much
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morce saving could be realised through
structural optimisation.

Weight saving of hull steel means lower
initial cost (material and constructional
costs) and higher revenue through in-
creased  deadweight  carrying capacity.
Alternatively, structural optimisation may
have an adverse effect on  structural
rehiability, particularly for local details.
The deficiency of these local details may
lead to local failurcs which, when accumu-
lated or propagated, may induce scrious
structural failures. These failures will in-

crcase maintenance and repair costs and
at the same time will reduce the earning
time of the ship.

Structural optimisation may also have
an adverse cffect on hull girder stiffness.
The reduced stiffness will increasc ship

" deflection. Sagging deflections cause 2

reduction in the decadweight carrying
capacity of a ship (5). ’

In order (o appreciate the economical
consequences of structural optimisation.
the present worth of lost income resulting
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directly and indirectly from t:e reduction
of hull steel weight is considered:
® cconomical consequences of increased
hull steel weight:
Let: W = weight of cxtra steel.
C, cost of steel/ton.
C, = cost of fabrication/ton.
f = freight ratc in $/ton.
N = ship's lifc in years.
n = number of return trips/year.
i = rate of interest.
Thus. cost of cxtra steel =
R.=(C,+C,).WS$
Lost incomefycar = R, = W X n X {§
Using the methods given by Benford
(6), the present worth of lost income is
given by:
= [UP W Fji, -

I

R, + R,

AD
where UPWF = uniform present worth
factor.

The variation of P, with W is illustrated

diagrammatically, Fig. 2.

® cconomical consequences of reduced
hull steel weight:
(i) lost income due to ship delays and
the increase in repair and mainten-
ance costs:
Let K = number of days lost for
repair work/year.
€ = earning capacity of ship/day. $
Ciu = total cost of repair work/year.
$

Hence, last income/year =
R._. = K.e. + CR- $

The present worth of lost income over N

years is given by:

BN
/2
e

where SPWF =

factor;

r and o are the first and last years in

which the ship is stopped for repair.

It is evident that the frequent stoppage
of a ship for repair work has an adverse
effcct on her, economics. Therefore, small
cracks that may not immediately threaten
the safety of a ship may subsequecntly
have a deleterious effect on ship econo-
mics.

(ii) lost income due to increased ship

deflection:

Lét & = sagging deflection amid-
ships.

Cyw = waterplane area coefficicnt.

Ay = watcrplanc arca.

Hence, loss in deadweight, 8, due to

Pn [SPWFJ,. Ry . ... ... 2)

single present worth

a sagging deflection & js given by
(4):
- 22
Thus, lost income/year =R, = § .n.f{
and Pp = [UPWF]{ . R,y........, 3)

From (2) and (3). the present worth of lost
income due (o structural optimisation, P,

lost \L__’/
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Fig. 2. Optimum hull steel weight

is given by: P,=Pp+4 Pu....(4)
Fig. 2 illustrates the effect of structural

optimisation on P,.

Structural optimisation

The criterion for optimisation of hull stecl
weight should be based on economical
considerations. The minimum lost income
resulting from increased, or decreased,
hull weight could be used as the optimisa-
tion criterion. Thus P, 4 P,—»-min.

Fig. 2 illustrates the variation of total
lost income with the degree of optimisa-
tion. From the curve of (P, + P,), the
optimum hull stcel weight could be
determined.

In this connection, it should be realised
that this approach cannot be used for the
determination of the optimum hull steel
weight for a projected ship. as the main-
tenance and repair costs will not be avail-
able. However, the optimura hull steel
weight could be determined only after the
analysis of records for maintenance and
repair costs, delays, variation of freight
rate, etc., over the expected service life of
the different ship types and sizes.

Consequently, in order to calculate the
lost income resulting from structural
breakdowns and failures, it is necessary
to have sufficicnt data on these failures.
These data, however, are not available in
the form to be used directly for econo-
mical evaluation. Accordingly, it. is
recommended that steps be taken to
classify ship structural damages as
follows: local damages (such as those
resulting from stress concentration, fatigue
failures, local buckling, etc.); major
damages (such as those occurring to
strength deck, shell plating, longitudinal
girders, bulkheads, etc.): total damages
(which includes all cases of total ship
losses where failure of the hull girder is
known or suspected to be the cause of
ship loss). The collection of this data
should also include costs of repair, period
of repair. ycars of service, causes of
failure or damage, ctc.

Optimisation of hull steel weight has a
direet influence on the loss of deadweight,
due to the reduction in hull girder stiff-
ness, and on the maintenance and repair
costs. Tt also has a direct influence on the
initial cost of thc ship as well as her
carning capacity, Therefore, optimisation

of hull steel weight should be based on’

its economical consequences, regarding
the initial and running costs of a ship.
This requires the collection and analysis
of data on causes and types of structural
failures as well as the maintenance and
repair costs for different ship types and
sizes.
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