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THE COST OF IRRATIONALITY IN SHIP STRUCTURAL DESIGN

M. A. SHAMA
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LBSTRACT

The main factors affecting the rat-
ionalization of ship structural design
are analysed, Particular emphasis is
placed on those factors affecting hull
steel weight. The loss of income result-
ing from undue inecrease in hull steel
weight, deficient hull girder stiffness,
poor design of local structural connect-
ions and complex constructional arrange-
ments is examined and evaluated. It is
shown that irrational design of ship's
structure may have adverse economical
consequences to both shipbuilder and
shipowner.,

. INTRODUC“ION

The structural design of a ship af-
fects her operation, safety and economic-
al efficiency. The latter is generally
‘irfluen¢ed by hull steel weight hull
girder stiffness, design of structural
commections and the complexity of const-
ructional arrangements. Much work has,
therefore, been done to optimize and im-
prove the .structural reliability of ship
hull girder and its. structural componehts.
The optimization of ship hull girder is
generally. devoted to the minimization of
hull steel weight. However, the impact of
these rationalization processes on the.
totel economy of transportation has not

been fully.quantified.
. In this paper, the cost of 1rration—
ality in ship structural design is invés-
tigated and approximate methods for its

aq

parameters affecting these_ consequences.
The latter could be divided into:
~ increased hull steel weight,
~ increased frequency of structural {zil-
ures,
~ reduced stiffness of hull girder,
~ increased building time and cost.
These items affect both initial and
running costs of a ship. Therefore, the

‘rationalization process should aim at:

B & £

i~ reducing hull steel weight,
improving design of hull girder znd

its structural components,

iii- ensuring adequate ‘hull girder stiff-
ness .
iv- adop:ing the philosophy of design

for production.

In the following analysis, the m=2in
factors affecting these desirable object-
ives are examined. -

2 1 Hu_l Steel Weight

Hull weight depends mainlv on main
ship diménsions, genéral arrangement,(
number of holds, decks,etc.), distrivut-
ion of steel over ship section and along
her length, geometrical configuration and
scantlings of stiffening members, design
criteria, corrosion allowance,etc, Re-
ducing hull steel weight could be achiev-
ed either by increasing strengih/weight
ratio, using high strength sieels, or oy
reducing weight/strength ratio, by impro-

ving the distribution of steel over snip
hull. girder. In the majority of cases,

‘however, both approaches are cozmonly

evaluaticn, is given. Although the emphsis -

has been placed only on steel ships, si-
milar results could be obtained for other
shipbuilding materials, such as G.R.P.,
_concrete, ferrocement,etc.

2. CONSEQUENCES.OF" IRRATIONAZ DESIGN

used., In-the following analysis, the m=zin
factors affecting hull steel weight are
examined.

a. Main Ship Dimensions

Significant weight savings could be

. achieved by using optimum sliip dimensions.

In 6f&er to evaluate the cost.of fr—

rationality in ship structural design, .it -

. is ‘essential first to recogniss the con-
sequences of irrationality in the struct-
ural design and then to identify the main

This is confirmed by ‘the reduction of

‘about 600 tons of steel in a 47 KDWT o4l
- tanker of the "pudgy type® by optimizing

. ghip dimensions only (11. Ship length is.
the most effeétive dimension end if un~

=27=

necessarily increased, it may produce



undue increase in hull steel weight,buil-
ding costs and operational expenses.

Fisher [2] has studied the effect of
incremental variation of main ship design
parameters on hull steel weight, machine-
ry weight, among several other items, It
is shown that increasing the length of a
253 XDWT o0il tanker by 1% increases steel
weight by 1.22%. Ship length also affects
the quality of steel used, Higher grades
of steel or high strength sfeels may have .
to be used in certain areas if ship leng-
th exceeds certain limits. These types of
steel are in general more expensive than
ordinary mild steel. _

Ship breadth, depth ard draught have.
direct influences on i2cal loading. Undue
increzse in these dimensions may require
corresponding increases in &trength, sca-
ntlings and weight of primery and second-
ary transverse stiffening members,

Apart from their direct effects on
hull steel weight, ship dimensions and
proportions also affect the initial and
operational costs of a ship. Length /
breadth ratio has a direct effect on ope-
rational costs by virtue of its effect on
wave-making resistance. Length/depth
ratio affects hull girder stiffness. Ship
draught may impose limitations on the nu-
mber of ports of call and the passage
through canals, etc,

b, Distrivution of Steel

Inefficient distribution of steel
along ship length and over her breadth
and depth may cause high stresses to be
developed in certain areas, reduce hull
girder stiffness. aund generally may in-
crease hull weight, The improper distrid-
ution of steel between side shell and
longitudinal bulkheads, in oil tankers,
may cause high shear stresses to be deve-
loped in these members, may impose addit-
donal loading on transverse members by
virtue of the difference in shear deflec~
tions or may lead to increased hull .steel
weight [3). It is shown that a saving of
up to 15%:0f the longitudinal material
could be achieved by rationalizing the
distribution of material ¢ ing shear
loading, as shown in table (1). The terms
used in the table are shown in fig.(1).

Table (1)jEffect of Materfal Distribution

x___ _ 0.2 0.3
UVATS 0.97 1.5
(tg + 2ty + 2t5)/tg | 4.94 6.0

For other types of ships, the irrat-
ional choice of frame spacing, longitud-
inal:spacing,- number "of girders, number -

of transverse buwlkheads, etc, may'either1'5

lead to increased stresses in certain -
areas or may cause a significant increase
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in hull steel weight.
c. Geometry and Scantlings of Stiffeners

Stiffeping members are either stand-
ard rolled sections or fabricated sect-
ions. The structural efficiency of these
sections are generally affected by :
section configuration, presence or lack
of symmetry and scantlings, and in gener-
al it could be measured by the following

- non-dimensional quantity [4] :

® =2 /(A7
‘section modulus,
sectional area, .
ot = axial unit section modulus,

The structural efficiency:increases
with «« . For a solid sguare section, o¢ =
0,167 and for an I-section, %= 1,0 - 1.5,

It should be noted that o is not the
sole parameter affecting the choice cf
section configuration. Instability, yiel-
ding, fatigue, fabrication, etc, must
also be taken into consideration,

The effect of lack of symmetry on the
structural efficiency of a member is gen-
erally well recognised, particularly for
curved regions [é?. Fig.(2) shows the ef-
fect of symmetry of section on the stress
distribution over the face plate.

The effect on structural efficiency
of scantlings of fabricated asymmetrical
sections could be indicated by the prese-
nce of high stresses in broad +thin face
plates and lower stresses in narrow thick
ones [5], as shown in_fig.(3). For fab-
ricated symmetrical-sections, the irrat- -
ional selection of scantlings may lead to
a 307 increase over the optimum weight
[6]. For standard rolled sections, the

where: 2

won

" irretional selection of scantlings may

lead to & 206 increase in their weight,
as shown in table (2) for & random sample
of an angle section obtained from a Lloyds
Register of Shipping publication, '

Table (2) j Effect of Scantlings

Section, mm ';Modﬁlus/kre;,cm?/cmz
a) 70x70x1005 5808/1307
 90x60x8 59.5/11.4
b) 130x90x13 161.5/27.05

150x90x10 '190/23.2
¢) 200x100x13.5 402/38.92
250x90x10 402/33,2°

Apart from structural deficiencies,
the irrational selection of geometry and
scantlings of rolled and fabricated sec-
tions may also have an adverse effect on -
the carzo carrying capacity and tonnage
measurements., . - :

d. Corrosion Allowance

Classification societies approve valid
methods Of hull protection against corros-
jon and therefore may accept a reduction
in cossosion’ allowance, which may slightly



improve the cargo carrying capacity.
e. Design Criteria

Design criteria affect both structur—-
2] safety and hull weight. Overdesigned
ship hull girder may incur initial and
operational cost penalties. Underdesigned
hulls also have adverse ecoaomical effect

2.2 Design of Structural Connections

Major failures of hull girder are ra-
ther scarce in comparison with local fzi-
lures of structural connections. These
local failures may result from fatigue,
high stress concentration, instability,

poor workmanship, poor design,etc., In the

rajority of cases, poer design represent
the main cause of these failures [7]. Fig
(4) {llustrates some structural connect-
fons commonly used in ship constructicn.
In connection "b", the addition of a
small bracket on the other side of the
transverse bulkhead suppresses the peak
stresses induced in this connection. The
tces of the bracket shown in "e' introd-
uce hard spots. Increasing the flexibili-~
ty of these toes, as shown in "4", impr-
oves the stress distribution and reduces
the frequency of failure of this conneci-
ion. Using symmetrical face plate, as
shown in "“f*, improves significantly the
stress distribution over the section [5].
The direct connection between the long-
itudinal and transverse member shown in
"h" reduces stress concentration and
crack initiation. The addition of a smzll
bracket on the other side of the vertical
stiffener, as shown in "j%, has a marked
effect in suppressing the high stresses
induced in this.connection. Under dynamic
loading, a further improvement of this
connection could be achieved by increas-
ing the flexibility of the inner lower
part of the vertical stiffener..

It is evident from these analyses
that comiections b,d,f,h and j are more
efficient and reliable than conmnections
a,c,e,g, and 1.

2.3 Bull Girder Stiffness

Hull girder stiffness may be adverse-
ly affected by the widespread use of high
strength steels, increased length/depth
ratio, reduced corrosion allowance,etc.
[8]. Deficient hull girder stiffness may
create several operational problems, am-

ong them docking [9), shaft alignment [1] -
1] , reduction in DWT carrying capacity -

(12} , etc. Therefore, strength and stif-
fness of ship hull. girder should be ex-
amined simultanebusly.

2.4 Design For Proauétion

It 18 evident that reducing building

time and cost-of a ship will have direct -

economical advantages: These reductions
could be achieved by the widespread use
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of mechanisation and eutomation, produvct-
jon planning, simplification of construc-
tional arrangements, etc, The importance
of the latter approach could be illustra-
ted by fig.(5). In construction (4), fr-
ame bending is required in (a) while (b)
requires a bracket connection. As frame
bending is more costly end time consuming
than welding, connection (b) is mor: eco-
nomical to fabricate and assemble than
connection (a), In construction (B), aui-
omatic welding could bé ugsed simultane-~
ously for both sides of (d) {13], and su-
ccessively for (c). In consitruction (C),
arrangement (e) requires one forming on—
eration only whereas (f) requires cutting
sedge preparation and welding. It is ev-
ident, therefore, that arrangements b,d .
end e are cheaper to fabricate than ar-
rangements a, ¢ and f,.

Edge prevaration for welding affects
the amount of weld metal deposited, nua-
ber of welding runs, weld deficiencies,
recidual stressesg, etc. In automatic wel-
ding of thick plates, significant savings
of weld metal and assembly times and cost
could be achieved by using proper edge
preparation [14].

3. EVALUATION OF THE COST OF IRRATIONALITY

The economical consequences of irrat-
ionality in ship structural design could
be evaluated in terms of the following
main parameters [15]:-

-

3.1 Effect Of Undueé Increase In Weight
a2, Constant Ship ﬁisplacement

‘For c¢onstant ship displacemerit, eny
increase in hull steel weight will reduce

“her ¢argo carrying capacity. Therefore,

the ammual loss of income to shipowners
results from both reduction in cargo car-
rying capacity and increase in cost of
steel -hull. The présent werth of this
loss In income may be evaluated as fol-
16ws ¢

LA A
where: 7 = 1.0 + (UPWF) 2= - p/ec &

rate of. interest, :

cost of steel/ton , &

number of return trips/year,

ship's life in years,

. = unriecesgary increase in hull

i steel weight, . '

(UPWF)N.,= uniform present worth factorfi]
. p.= penzlty/ton DWT, &
Therefore, shipowners should try to

minimise P, by selecting an eppropriate

LZBor
g

-valué'for‘%. However, if the penalty tera

does not éxist, the variation of 7 with
n.f/c::and 'i' is shown in f£ig.(6).

Simflarly, the present worth of the
loss ‘of income for shipbuilders may be
evaluated as follows ¢

'P; = wip + et)

]



where: ¢'= ghipyard cost of steel/ion, &
b. Constant Deadweight
When a specified value of the DWT is

required, any increase in hull steel wei-
ght requires a corresponding increase in

- ship displacement. The latter is given by:

& = WH W” 4+ DWT
where: W, = aa= hull steel weight,
wﬁ = bP = weight of main cngines,
P = shaft power, (P <o, 2/3),
a and b= coefficients,
Y = ship speed.

Therefore, if the unnecessary inc-
rease in hull steel weight is ‘'w', the
corresponding increase in ship displace-
ment is given by :

bAew /B
1.0 = a - 2V, /)Ak

The magnitude of B depends on ship
type ; for oil ta.nkers, £ 0.75 and 6A €
1.3%w. For trawlers, B € 0 5 and §A € 2w.

It is evident that the required inc-
rease in ship displacement could be pro-
vided by increasing ship dimensions, as
the block coefficient is generally rela-

where: B =

ted to ship speed. Therefore, the penalt-

ies of unnecessary increase in hull steel
weight, at & specified value of DWT, are
the same as the penalties of incresasing
ship dimensions,

Frequent failures of structural con-
nections not only increase repairc¢osts
but they also reduce ship earning time.
The present worth of the loss of income
resulting from these two effects may be
evaluated, over ship's serv1ce life, as
follows ¢

N
o = :E (SP‘nF)i (C + n.e)
_ 3=1

where: (SPVEF)= series present worth facior,

n = number of days lost for re-
- pair work/year,

e = earning capacity/day, &
Cp = total cost of repair work/

‘year, . .

It is evidznt that small cracks that
may nct immedjately threaten the safety
of a ship may subsequently have deleter-
ious effects on her economy.

3.5 Effect Of Deficient Hull Stiffness

For certain types of ships, such as
01l tankers, the unnecessary increase in
the flexibility of ship hull girder have
an adverse effect on the cargo carrying

- 3.2 Effect Of Frequent Structural Fajilure .

capacity [12]. The cost of this deficien--

¢y in stiffriess could be evaluated in
. terms-of the:present worth of the ‘loss in
1ncome, as rollows- .

P
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where: w = loss in cargo deadweight due to
a sagging deflection 6 and
could be evaluated as follows:

f-_A_w. & (1 ~ 0.24/C )

A
C: waterplane area coefficient,
f water density.

For an oil tanker of length 300 m, C
0.85 and a sagging deflection of 300
may reach 2700 tons.

W

where: wvaterplane area,

nnn

W

3.4 Effect Of Complexity Of Connections
The cost of fabrication of hull assem-
blies depends on several.factors, among
them steel weight, thickmesses of plating,
suitability for mechanization, complexity
of connections, etc. Therefore, any unnec-
essary increase in production time, weight
of assembly or complexity of desiga may
have adverse effects on-fabrication costis,
Q. These adverse economical effects may be
evaluated by estimating the present worth
of the unnecessary increase in building
costs, P4, as follows
r
ZE 6Q
=1
number of hull assemblles,

unnecessary increase in build-
ing costs.

P

4 i

where: »r

=

4, TOTAL COST OF IRRATIONALITY

The pfesent'worth of the to»al'c05uﬂof

irrationality in ship structural desxgn,C
ney be evaluat ed as follows:

_ZP.

t is ev1dent therefore, that the mi-
nimization of C represents a major ship
design requirem&nt. However, as-there is
no -common factor among the different 'P!
values, it would be necessary first to mi-
nimise hull steel weight and then check
stiffness of hull girder, design of local’
details and the complexity of structural
connections, However, this problem is be-
yond the scope of this paper.

5. CONCIUSIONS

The main conclusions drawn up froz
this investigation could be summarised as
follows :
a-= In order to reduce the cost of ir*at—
jonality in ship structural design, the
rationalization process may be basged on @

i- minimization of hull steel weight wi-
thout impairing hull girder stiffness
and structural reliability. This
could be achieved by using optimmm

--ghip dimensions, proper selection of

geometry and scantlings of rolled and
fabricated sections and improving the
distribution of steel over ship mll

ginder.

i



{i- Smproving design of structural con-
nections.

i{1i- adopting the philosophy of design
for production,

b- 411 feasible measures should be taken

by shipbuilders to rationalize the design
process so as to reduce the adverse eco-

nomical consequences of irrationality in

ship structural design.

c- The cogt of irrationality could be
significantly reduced for ship owners by
the proper selection of a design penalty.
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Fig.(2). Effect of Symmetry
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Pig.(3). Effect of Width of Pace Plate
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Pig.(4). SOME COMMONLY USED SEIP STRUCTURAL CONNECTIONS
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