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ECONOMECAT CONSEQUENCIS OF IRRATICHAL STRUCTURAL
DESIGN OF SHIPS

The m2in factors affecting the rationalization
ctursl design ave analysed. rarticular
sis is placed on those factors affecting hull
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pede
ay

ht. The loss of income resulting from un—

due increase in hull steel weight, deficient hull

girder stiffness oor design of local details and
. ’ .

complex constructional arrangements is investigated

A

I{ is shown that irrationel ship structural de~-

and evzluated.

!

sign may have adverse economical conseguences to both
Shipbt

nificant savings in hull steel weight could be achie-

T

-7

[

ilder and shipower. It is also shown that sig—

ved by proper selection of geometry and scantlings of
rolled and fabricated sections and also by improving
the distribution of steei among. the primary struciu—
ral members. ' -

N % issociate Prof., Merine Engineering Dept., Faculty
of Ingineering, Basrah University, IRAQ.
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ctructural des=ign of 1-,5 has a direct influence
on their operation, szfety and ‘economiceal efflclepcy.
therefore, redvcing hull steel nblgnd, without affec—
{ing the standards of silrength, stifiness and safety

should represent a major ship design reguirement (1),

This paper examines some of the Lactors affectin
P

jo g

el oo Y

ship econcmical effeclexcy.. Special attention is paid
to the distrivution of steel over a shiyp section,selec—
tion of geometry and scantlings of rolled and fzbrica-

ted sections, design of local structural ceteils and

to the simplification of comstructional arrangements.

™z main facteors affecting -huil steel WeWgnt are exa-

mined and numerical éxamples are given rfor the szke o

illustration. The economical conseguences resuliving

from irrational structural design are then anzlysed

and approximate methods for their eveluation are glven.
i

Conseguences of Irrational Structural Design.

Irrational desizgn of ship structures may result from:

(&

a— Irrational selection of mzin shinr dimensions

The main dimensioms. of a ship have direct in—
fluences on her inital und operational costs.

Ship length is the most effective dimension and
should be kept as low as possible. Increzcing ship
1ength increases building costs as well as some ope-

rational expenses. Fisher(2) has studied the cffect



.of incremental variation of main ship desigr wera—
" meters on hull steel weight, machinery weight, among
‘other items. It is shown that increasing the leng

of a 253 KDWT oil tanker by 1% has %the. effects indi—
cated in table (1).

TABLE (1)

Tten steel jponstruction| annual armual
welgnt costs cargo fuel
CATACLTY |COGT
% increase 1a22 C.81 0.983 .68
j ~

t

ength/depth ratio has & direct 1npl ience on hull
'girder stiffness. Reducing hull stifines s creates addi-
tionel operationsl prehlams, e TulCFluﬂ_ for do
and for oil tankers, thz utili

za
capacity is adversely uLfectod(

Jde
9]
9]
5]
=
')
o
}

i i
number oi ports of call and the passage thr

- Main ship dimensions have a direct influence on
hull steel weight, and therefore'siTnificant savings
in steel weight could be acnleved by using opulmam.iuf
dimensions (p) '

Consequently, the seleetion of main snip dimensions
should be based on the total économy ot transportation
and not on the individual reoulr nts of strengtn,resis-
tance, cana01tj....,.euc. '
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b~ Improper Choice of Ma’serie.l

kl*hough steel is the most commonly used materlal
in thpbdl*dlnb, other materials are also used. Con—.'
crete, G.R.P., 1’errcy*cmc:m:,...etc. are the most W1aely
used materizls beside steel that may have nouenylal._
future applicsiiens. The selection of the &ppropriats
material should be bazsed net enly or technical require-
s but slse on economical considerations.

Far shipbuilding steel, Classification Secieties
Live divided i% inte five grades: A,B.C,D,and ‘E. As
these grades differ im prices, the use of higher gra— -
des should be limited to those areas specified by Cle--
ssification Societies so &5 ret te incur excessive
iritial cost penalties; The sams, argumert applies zls=o
to the use of high tensile steel, which is more expen—
give thax ordinary mild steel, Thcrefcre{:fhc use of
high texrnsile steel should be controlled by eceonomical
cexsideratiens as well as by the reguiremente of ins—
tzbility, stiffness fatigue,...ete.

s

¢~ Inef¥jcient Distribution of Material

Inefficient distribution ¢f materizl along ship
length and over her breadth and depth may. cause hlgh
streases to be develeped in certzin areas, reduce huil -
stiffness,...etc. and generzlly may increase hull steel
weight. In eil tankers, the improper distribution ef
steel between side shell arnd longitudinal bulkheads maJ
either cause high shear strcsses to be developed in

these members ormay lead to imcreased hull steel weisnt(6L
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The effect of lengitudinal meterial distribution bet—
ween side shell and longitudinal tulkheads on huil
steel weight could be ill: strated by tablie(2).The

terma givenm in the table are shown in fig.(1).

TABLE (2)

g /.tS o 1.0 Ted
<. 0.2 0.3 0.2 0.3
/b .97 1.5 0.85 { 1.07
(tC-r_gtL+2ts)7 tg 4.94 16.0 5_..'1_ 5.54

The inefficient distribution of longitudinal

)

D

rmaterial imposes additionalvloading on itransvers
members by virtue of the difference in shear def-
lections between side shell and longitudinal bulk-~
heads (6). This additonal loading requires a co-
rresponding increase in the scantlings_of trans —
verse memberss Therefore, the irrafional choice of
tc/ts, t;/ty and «, see Fig.(1), may either cause
high stresses to be developed in certain areas or
may cause a gignificant increase in hull steel
weignt.

The irrationzal selection of frame, longitu —
dinal and transverse spacing as well as the spa-
cing between girders, transverse bulkheads,....ehc.
may also‘cause a significant increase in bhull

steel weight.
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of ed 2nd Jaericated S2ctions.

The improzer selection

O .
lings of rolled and febricated sections may lead to

higher weight,/st

Lavou“"-l
This could

o

tural efifi

1
rison wWith asymmeirical sections (7), particularly

in curved regions, see fig.(2).

The effeciency of structural membérs could be

evaluvated

(8):

where: & =

w =

4
6]
t
[y

~

Uw' for five 4if erent sect

The higher the value of "w" the-more ef
va

section. Table (3) gi“er numerical
° )

by the following nondimensional guantit)

w = 2/ // oS
1

section modulus,
sectional area,

axial unit section modmilus.

icient

i
lues for

) 4

-t

section | circle| square| ring |channel| I-section (
w7 0.14 0s 18T |0 73— l 0.57- Te02=1451
0.84 | 1.35
: ]



26

From table (3), it is obvious +thzi significant
welght saving could be achieved Wy proger selection
of section conf*gura*ﬂoh. However, this teole is gi-
ven here only for the saks of illustration, as "w"
is not the only parameter affecilng the choice of
section ceocnfiguration. Insiability, 1eld1nQ,Iaclgue,

£

catlon,.t.etc.are also important parameters

3
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er selection of scantlings may be
illustrated by the use of broad thin face plates far
asymmetrical sections instead of narrow thick ones.
The former scantlings create high stresses atv the

mer edge of the face vlate (7), see fig.(3).

The irrational choice of scantl¢pgo could be
also illustrated by the selecticn of a2 rollizd angle
ction for a given section modulus, as shown in
table (4). The figures given in table (4) represent

a2 random sample and are obtained from reference (9).

From table (4), it is obvious that 2 signifi-
_cant increase in steel weight may result. from irre-
tional selectiom of rolled sections

For fz bflchted symmetrical sections, the irra-
tional choice of scantlings may increase the weight
of member by 30% over the optimum weight (10).

It should be reallzed that the 1rratlonal Se—

1ectlon OI rolleu and fabricated sections may also
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affect the bale cepacity cf holds s well =g {l

Gross znd Ket tonnages. Howev er, the emphasis in

, o

n

this pzper is placed only on weight rether +than

volume recuirements.

The irrational choice of design criteria may
roduce elther-a neavier cr a lighter strucihure
then 1s ectuvally r»ecuired.Tnz Tormer incurs initial
ent -cueraiionsl COST DENiviids wheressz tne latter
mey haevé initvizl cest advenvages-arnd cperztional

cosy penalties Gue To provable failures @g@ break—
Govns. Therefore, the choice ¢f design criterie
should e based not onliy on realistic esvimetes of

¢ proper assescment of structus

0
ral capability (11). The latter dewends on severel

tandards of strength
ocieties. These
stendards - are Dbased on the estimation of the
reximum values of bending moment, shear force,...
tely to occcur over the service life of a

ship. Gince the estimated 1

the stzndard of strength is based on a probability

~n & "'O aay T - . -
of occurance of 10 ~(1i1). This low vzlue of pro-
bability might have been economically sztisfactay

in {he past decade, where inte hat*on“l trade and
eccnomy were relatively stable. rresently,the sit—~ -
vation is different, and a fresh look at the stan-

- dards of strength is necessary. These sitandards



should ve bassd on the totel econcmy of trenswnor—
they have a direct infivence on hull,

P

ght as well as ship's service ife.

- Trassro s v T
i— Imyrowner Hull Lﬂlntcnance.

Classificetion Societvies approve valid me-—

thods of hull protection zgainzt corrosion and
therefore may accept & reduction in cerros 102"_9—
vancés, This redvction in huil sveclk welght mzy im-—

or in corrucsion allowance. Any apnrecicble sz-—
ving 1n nhull maintence and any recuction in corro-—
sion allowance will certainly improve the total
conomy of transvortation. Therefore, the current
corrosion zlliowance as well as the available me-
of hull protection should be reviewed and
cxemined in the light of the economic life of the

ship and the total econcmy of trznsrortation.




bad WOrkmanship, voor design,...etc., 1In the mzjority
o c

-b

of casesg, roo” deolgn of 1

c
is responsible for most of the failures (12'.

Fig. (4) illustretes somez siructural connecticns co-

mmonly used in shin construction. In connection "bv,

~the a2ddition of 2 sm2ll bracitet on the other side of
s

2 Sign'f’ ant effect in

I_J

2ducing the high stresses dev

oped in this ccnrec—

ct
t.J

O

The toes of the bracket shovm in o' introduce

hard snots and therefore are resrensible for crack
nitiation. Increasing.the flexibility of -these toes
as shown in "d", improves the stress: distrigutionand

reduces the frecguency of failure of this cormection.

The symmetrical face plete shown in "f" is
more efficient than the asymmetricel arrangement
shown in "e" (7). ‘

The direct conmnection between = longitudinal
and -the transverse member shown in "h" is certéinly
more efficiemt than the indirect connection using a
lug, as.shown in "g". Arrangement "g" promotes crack
initiation. ' | ”

In connectioh'"iﬁ, very high stresses may be
induced at the lower immer edge of the wvertical
gstiffener. The high stresses induced 1n.sectlon MN
are responsible for the frequent failurés of this .
connection (12). The addition of a smezll bracket o



T

the other side of the web, a8 shown in "j", has 2
marked effect in suppressing the high stresses de-
veloped in this commection. Unéer dynamic loadin

a further improvement of this comnecticn co

=
e
o’
D

From the foregoing anzlysis, it is obvious
o)

that the freguency of failure of local structural

‘connections devends mainly on the magnitude and

V]

distribution of stresses induced by static a3 wRll

as dynamic loading. Therefore, improving the de-

sign of these local details not only improve

u

stress distribution but will also reduce the freg-
S : : ' ,
- uency of local structurzl failures.

h— Imvroner selecticn of Edge Prernaration for

Welding,

B

In a welded assembly, the amount of weld me-
tal deposited and the number of runs sre bhoth de-~
pendent on the type of edge vreparation, plate
thickness, type of welding machine,...etc.Weld
deficiencies and residual stresses are also affec-
ted by the type of edge prevzration, among seve-
ral other factors. Therefore, improper selection
of edge preparation, particularly for thick plates,
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mzy}incrcase_production time end costs, induce resid¥
ual stresses, promete weld defects,...etc. In automa~—
tic welding of thick platr s, significant savings in
welding and assembly times and cests eould be achieved
by using proper edge preparatiem (13).

,

i~ Inefficient Comstructionzl Arrangements.

. . Reducing building time ef a ship has .direct ece-
nemicé1 édvantages and coull be achieved by the wides—
pread use of mechanization and zutomation, imerezsing
resources, optimizing the sequence of eperations, wer_
kinwg overtime and alse Dby using simple eénsg}uctienal

grrangements. Fig.(5) shows three differemt structural

. connections, Each comnectien has two altermativa cens—

tructional arrangement. In cennectien "A", frame ben—
@¢ing is required in arrangement "a" while arrangement
"b" requires a bracket connection. As frame bending is
more expensive and time censuming than welding, arran—
gement "b" is much cheaper to fabricate and assemble
than érrangement all,

. In item "B", gutematic welding could be used in
arrangement "&" for both sides simultaneously (14).In
zrrangement "o", welding ef beth sides has to be ca—
rried out successively. '

Im item "C", arrangement "e" requires enly onme
forming, eperatien whereas arrangement "f" requires
eutting, edge preparation and welding.
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b.,d and e are more eccnomiczl to nroduce then arrange-
-ments a2,¢c and f. Consequently, sighificant s2vings in
ilding time a2nd cost could be echieved through de-

sign for preduction.

conomical Uensecuences of irrationzl Structural
Desipgn.

Irom the foregoing analvsis, it is evident that
the main consecuences of irrationzl siructural design

3,
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iv. Heduced hull glvuer stifin SSe

These consecvences have direct efiects on the
total economy of transportaticn, and couvld be sepa-
rately evaluated as follows:

i. kffect of unduve increase in hull steel weight

Let: w = unnecessary increzse in hull steel
weight,
C = cost of steel/ton, ¢

mean freight rate/ton of cargo/retum

trip, Dy
= number -of return trins/year,

’.4)
i

=8
1l

ship's 1ife in years,

He
I

rate of interest.
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Assuming that ship displacement is censtant,
ther any imcreazss in hull =tecl weight will be oan
the expenge of carge dead. right. Therefore,the leszs
of income, from the shipewner's wnsint ol view,ceuld
be evaluated as fellews: |

meterial cest of umnecessary steel = R , = C.w 4
lost income/year due to the reduetiom in carge
carrying. sapacity = Ry = w.n.f 4

Pagnality raid by shipbuiléser te shipewner due to
deficient DWD = Ry = p.w <4

where: ©p = penzlty/tsn ef DWD g ~

Henee, present worth of lest inceme ='P .='YA.C.w. g

where: '/ = 1,0 + (U?WF); oo_n.t
[ { C C

i
(UPWF) = uniform present werth facter based
en N years and rate of interest i

(15).

It is evident that a shipewner should $ry te
make P, as lew &5 pessible, This could be achieved
by reducing either w er ™ . The latter could be red-—
uced by inereasing the megwitude of the penalty p.

If the pcnaity term is met preseat, tThe variz_
tiem of M} with‘_ﬁéz; and i is.as shown in fig.(6).
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Therefore, change i A due to an vmnzceszary
» 1 - - - 3 T = N a
increazse in hull sthzel welignt, w, dis given by:

§ £ = a.Bh+ 2. L . 8A +w

1 1 -
fhere: B o= 1 LA — e e
3 £
hn P 4ae. o 3 ~1e A - . R
For certain tvyoes of ships, 3ulh 23 Trawlers:,
B may reach 0.5, giving 9 = 2w,
;
Tia 4 7 LR IR E als - A ’75: NS s Y :f 1 PEP T
Lo 1L ArAe 5 = ovae 2y BV Ll ODay = .52 "
This 1increase In Alsuiscement 1s obdbhtainsd by

o)

fuel reguirements,...etc, Therefors, th
unnecessary increase 1n nhull shesl wewight, when The
cargo DT is statisfied, is the same 2s the penalties

cf increasing ship dimensions.

»

iis Effect of inefficient constructicnal arrangemenis
pends on several parameters, among them are steel
welght, thicknesses of plating, comylexity of local
structural connections, suitability for mechanization

seesetce, and in generel could bve evaluated as follows?

C = a +a, 4+ a2
o 1



vinere: a., (i=0,1,2) = cost rates, which depend on
the degrze of skill of labours, ityoes of
resources uwsed, degree of mﬂchinlzatlon
and plamming,...etc. Thelr values vary

from yard to yard and reguire a seva-—

or their eveiuzation,

Ly Ty 4. ~ = N ] ~
C = cost of favrication and assemoly,
i = weight of assemvly,
- -l a2 ~ s N - =S
T = f.ooricztion and ascenvly Time.

tion time, weiznt of assamoly or complezity of de-
sign will be reflected directly on the Tfabricziicn
and assembly cosis O as follows:

8C = a1 . BW + a2 . BT
W= ounnecessary increase in steel weignt,

in fabrication and assembly

HJ
N
1
M1
om
<
at
n
9
:
[
N
o]
Hh
r5*
g

assemblies.

The evaluation of P2 for any specified case

is beyond the scope of this paper.
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R 2 9 T gy s gmes ] -
Lrecuents raltiuyres 01 4oCal J3Trululrd,l coinec—

jlons incraese rezalr CO8Ts and riauce 3017 earning
time. The evaluatlion ol wHuese e effects couwdld te
carried out as follows {1.:
o
A\ -
P, = 2 (SPEF) ™. R,
3 - Y Ly
J
j=1 '
e o P — s ORI 4+ nf T Aat :l T
snere: P, = present worth ¢ lost come over U
D
Jjears,

1 = number of days l1lost Tor repair work/vesar,
&

Cp = total cost of reypair worik/year 3,

It should be realized %hat small cracks that
may notv immediztely threaten the safety of & snip
may subsequently have deleterious eifects on her
2CONOmYy..

iv. Effect of Deficient Hull Stiffness |
A ship hull girder having sufficient longitu-
dinal strength does not necessarily have sufficient
longitudinal stiffness.This condition may result from
T

he widesypread use of high strength steels,increased
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length/depth rafio, reduced corrosion &ilowaiiCe,
using irraticnal design criteria,...etc. For cer-
tein Types of ships, sucn as oil taniters, increa-
sing huil flexibility has an adverse effect on
the cargo carrying capacity (4). The lossof ircome

in this case, could be evzluated as follows:

P, = (UPVF)~. RD'.

where: T, = present worti of los® income cver N
years,

By = loss of income/year, (Ry = w.n.f) @

W = loss in DWT cdue to a-sagging deflec—
Ea)

ot
@
oy
M
1)
}-
o)
|

tion, and could be estims
llows (4:

A, .= waterplane ares,

'f}= density of sea water.

ral . 1 - 1.
Coricluding Remaris.

From the foregoing analyses, it is evident

ck

ha

L]

1.
v
[ oe}
4

pie

he raticnalization of ship structurzl design
1 g

could be achieved by reducing hull steel weight



- ‘
improving design of locel structurcl detal
adopting tne concept cof aesign: foi production.

ii. Hull stezl weight optimization could be achie-

ved by rationeiizing the seléction process of
i s

ship Gimensions, geomstry and scantlings of
relied znd faoricats T zections and alsc by

improving the distriwitior of material alon
ship lengyn anG over her breadti and cepiit.
iowever, The optlmized hull steel weight

e se erfects on huil stTifi-

cturel relisbility.

iii.One of the objectives of the *atlor lization

process cculd be stated as follows:

4 .
-2_ P, —————» nin.
L

1=1

However, as there is no common factor among
the different "P" values, it would be necessary %o
carry out the minimization process in steps such
as: . _ 4
a— minimization of hull steel weignt
b ~ checlking hull stiffrness and redistribute meter-

ial if necesseary,

¢ — improve design of local details,

-d — improve design to simplify production.

iv. From the shipowner's point of view, the adverse
" effects of irrational shivp design may be covered

by anr appropriate design penalty.
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FIG(3).EFFECT OF WIDTH OF FACE PLATE
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FIG.(2). EFFECT OF SYMMETRY ON STRESS DISTRIBUTION
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FIG.(4). SOME COMMONLY USED .SHTP STRUCTURAL CONNECTTIONS
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FIG.(5). ALTERNATIVE CONSTRUCTIONAL DETAILS
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