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ABSTRACT

This work presents a bulk carrier midship section structural
model to perform the synthesis of longitudinal material. The model is
a part of a larger one, presently being developed, which will encompass
transverse, as well as longitudinal material.

The main objective of this work is to develop a technigue and
a tool which will ensure a fast and efficient design of the midship
section. They abply to different stages of the process of conception
and design of the ship. The 1imits of application are guite wide, re-
garding the size of the ship and the type of cargo. For efficient design
it nmust be understood ore that ensures an optimum combinaticn of advanta
ges in initial cost plus pay-load capacity.

A study of the structural synthesis process was done, with due
censideration to its place and relationships on the globatl problem of
snip design.

The adopted medel contains some aspects of Tocal optimization.
A mathematic model to represent the midship section geometry wss developed,
as well as a method tc generate its parameters.

As a final product, a computer program was developed. Some exam
ples of its applications are presented as well as conclusions on the in-
fluence of design variabies on the longitudinai weight.
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SWBML

SWBMB

ienght of ship
breadth ¢f ship
draught of ship

depth of ship

biock coeficient
ship's displacement
service speed of ship
cargo stowage factor

maximum still water bending moment fuli load
condition

maximum still water bending moment ballast
cendition

area of continuous Tongitudinal material in
" the midship section

Tongitudinal stiffeners spacing

transversal stiffeners spacing
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One of the first works dealing with midship section auto

13 " .

'/, in 1963.-

It was bédsed on A.B.S. Rules and its aim was te orient the

ey

mated designh was presented by Evans and Kousky( v

designer in choosing the most adegquate design parameters.Bux
tonig}, in 1866, using L.R.S. Rules, programmed the calcula-
tion of the scantlings for the siructural elements in a tan-
ker hoid. 1In 1968, Moe e Lund{3} presented a similar work,
hased on D.N.V. Rules, elaborating a mathematical model for
the midship section of a tanker. Aidwinck1e{4}, in 1970,built
a mathematical modei for the midship section design of a bulk
carvier; based on L.R.S. Rules, valid for the range from -~
20.000 t

o 80.000 TDW. In his work he incliuded an automated
process for

obtaining the required section modulus and also
a process for selection of profiles, taken from a commercial
fijte.

The research and development depariments of Classifica-
tion Societies have been developing computer programs for

determining scantlings, using their own rulesfs)’(ﬁ).

The great majority of recent works dealing with structu

: . . s . 7 - -
ral synthesis emphasize opt7m1zat:on( - They apply, aimost
invariably, to tankers.

increasing prices for oil greatly increases the econo--
mies due to savings in structural weight. It must be remem-
berad that, for each ton of structural weight saved in the
preliminary design cycies, twe or more tons may be reduced
tn the ship's final displacement., The consaqueni reduction
in power and full consumption is obvicus. In certain cases,
simyltaneous gains in structural weight, pay-load and fugl
consumption may be envisaged. However, to consider so many
alternatives and choosing a very good one, it does require
design automation. Automated structural synthesis is, the-
refora, mandatory.
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A good structure may be defined as the one wich combines,
in adequate proportions, 1ight weight, good arrangement, and

characteristics for easy fabrication and maintenatice. [t can
be designed by Classification Societ j rules or by "rati P

o
-t
[
2]

a n
methods. In the first case it is relatively easy to design
the structure, by hand caiculations oy with the aid of some
smali and straightforward programs. hHowever, to design a
really good structure, taking full advantage of the rules,in
volves many interactions and optimization considerations. It
does require a deep analysis of the whole problem, a mathema
tical formulation and a an adequate computer program.

tructural waight reducticns may be obtained through: re
fined load prediction and structural analysis methods and/or
by optimizing the structural teopology. In general, the second
alternative i1s much more promising. It is the main concern
oflthis WOrK.

The structural design synthesis model! presented herein
leads to the midship section with ail its details normally
found in & contract design, excluding, for the time being,the

transverse structure. Besides this feature of compieteness,
it is fundamentally flexible, admitting, as input data:

a) only a few very preliminary ores; b) some more elaborated
ones; ¢} & complete set of data defining the midship structu

re. In each case the model gererates the remaining parameters,
with due consideration to optimization. When all of them

a
given, the program acts as an evaluator of the structure.The-
refore, the model presented herein applies to 4iff L
tions of ship design, from the conceptual study sta
the evaluation of an already designed {or buiit) stru
serves,“thereforep to shipdesigners, shipowners, government
aqencwed, ete.

.

In its working condition, the model does not include the
transverse structure. It uses L.R.5. Rules and considers the
general arrangement shown in figure 1, including ships from -

10.000 to 250.000 TDW, and minimum stowage Tactor of 0.?mjjtun.
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Figure 1
Presentiy we are extending the model to include:

a - the transverse structure;

b - other general arrangements besides that of
figure 1 (ore carriers, combined bulk car
riers). '

In chapters 2 and 3 we will present the structural model.
In chapter 4 we will present the conclusions drawn from fits

!

application to several known ships.

2. METHDD

The first step in designing the midship section structure
is to define its topology, that is, te stablish its externmal
and internal contour and the position of its main components.
As a rule, when this is deone, the main worries refer to gene-
ral design and fabrication requirements, with heavy influence
of past designs. However, fixing the topolegy means, to a
great extent, determining the structural weight. The next
steps, in a design by Societies rules, are: '

a} to calculate the ship's girder minimum section moduius re-

" auired; .

b} to calculate minimum required plate thichnesses and stif-
finers section modulus:

¢} to choose plate thicknesses and stiffners sections, from

-
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those available;

d} to calcuiate the resulting ship's girder section modulus;
2) to change scantlings. in order to reach the minimum re-

guired ship's girder section modulus;

f) to calculate, again, required plates thicknesses and sec
tion modulus, taking advantage of any extess in the bot-
tem section moduius previously obtained;

g) to recycle ¢, d, e_ and f, until satisfactory convergen
ce is reached; ) '

After this, the original tepclogy should be systematica]
ly modified, and the whole sequence of operations carried
cut, searching for reducticn in weight.

Therefore 2 good structural synthesis requires very good
orientation Lo start with an adequate topclogy, not oniyﬁac—
cording to general reguirements but, as well, according o
structural optimization; and it also requires a high degree
of automation with builtf-in opitimization techniques.

tructure optimization may lead to very expensive proce-
dures which, although yielding an “optimal scolution", may not
enTﬁghten‘significant1y the structural designer. ln this
work we go deep to investigate the reiationship among the va-
riabltes, wnd their infiuence, attaining a simple but effizient
way to generals and opitimize the structure.

t one part of the giobal probiem of the
whole snhip design and optimizaticn. On the other hand, this
giobal problem should have a means for determining, with good

uracy, the changes in structural weight due to changes . in
the ship’s main parameters. Therefore, concentrating in the
structure, we'll consider the parameters of the ship's global
optimization as constants in each case. At the end, we will

vary them, sistematicaliy, te show their influence = on the

structural weight.

A merit function, involving weight, construction and

i

=
fa3]
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tenance costs could be considered. However, only weight may

e

be looked objectively, the latter two factors being . aiway
subjective. Besides, weight governs, to a great extent cons-
truction and maintenance costs and, for this reason, it will
be considered alone in our model. However, the model Was
elaborated with built-in criteria of good construction and
maintenance. As the parallel middle body determines most of
the structural weight, only this portion of the ship will be
considered. '

-

Let P be the structural weight function to be optimized.
We write:

P = p {u} » LBI’: {Y}: {549 {-}}
where:
{a} = {ogd,ileyd 3 vk = {vy} . {v,]
{ay} deéfines: - ship speed;

- payload characteristics {(TDK, minimum and
maximum stowage factors, angle for static
equilibvrium);

{ept defines: - ship’s parameters with heavy influence on

ship's design global optimization: L,B,D,
Hy ﬁB and spacing between transverse wa--
tertight bulkheads:

{f} detines the midship section contour, e.g., it positions
the double bettom, the inclined bulkheads, the hatch,etc
(figure 3);

{yy} defines the position of the Tongitudinals {side keels
and longitudinals stiffeners}:

¢

{Y,} defines the position of the transversal elements {floors,
side frames, web frames and deck beams; {figure 4);



18} defines the parameters of the transverse watertight bulk-
heads (figure 5}.
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Figure 3 Figure 4

Equaticn (1) must he rewritten:

P =P {({agjdelap {830y}, (Y}, 17} {(1-8)

fay} is input data for our problem. It's as constant {51% :

{estvalthough heavily infiluencing, P, pertains to the problem
of snip's design global optimization. It will be consi-
dered constant, in each case. Varying it sistematically,
in the model, will cet its influence on the structural

weight. It will be denoted by {Ez}, when kept constant.
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Therefore:
P = P (LUJ {{‘r ‘};l," {“lzJ {F\J) (]"'B)
[+ s convenient to consider the structural weight as:
= P, + P, % P, {2
P PI pz L 3 \ }
Py = weight of the Tongitudinal structure

P2 = weight of the transverse structure (excluding bulk-
neads )

Py = weight of the transverse bulkheads {(considered cor-
rugated}.

Py = By ({al. {8} .{Y; 3,0 1}) {3}
P, = P, ({al,{8),{T2}) (4)
Py, = P, ({ad,{8},{8}) 15)

P, i5s N

ot a function of {¥;}, within the scope of the
S

Society rules.

Let us anaiyze {7Y;}. The spacing and number of side
keels, in the Society ruies. depend only on B which belongs
te {2} . The longitudinal spacing, in the Society rules,nas
a"minimue value" to be adopted in the calculation of plates
thicknasses, whigh is a function of L, only. As wiil be shown
in chapter 4, this "minimum value" always leads to a minimum
Pl’ for any combination of {a} {81 and {v;}. As 2 matter of
fact, iV, }has some conpling witn {8}, since the sum of longi
tudinal spacings has to be iqual to scalars appearing in {8},
However this oniy adjusts the "minim value” o h
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nal acing, referred above. with negligible influence on P]
Therefore it is very easy to determine the value of {y1} which
minimizes P]. Let us denote it by 1viF*. Therefore:

{yik = yylal (6)

It may seem rather ilogic that {y;}* is independent of
{vy,} but, within the Society rules, it is true.

From (3) and {6) we can write:

Py = Py {a} {8} {73} (3-A)
P, = Py {a} {8} (v} (4)
Py = Py {o} {8} {8} (5]

The vectors {Bi,{y2} and {6} , above, involve many scalar
yariables which will vastly increase the time and cost to solve
the probliem of optimization. Te avoid this we'll make some hypo
theses, which will have to be checked when using the model:

H=1

=
=
5]

values of {8} , {v,1 and {38}which minimize

P = P1 * P, * P% are relatively uncouplted, that is, each
one of them does not change significantly, when the other
two vary within practical limits; as one particular con-
sequence, the value of {81 which minimizes P is the same
value which minimizes P3;

H-2 since P} is predominant, in P, and {8} is prevailing in
P], the value of {8} which minimizes P is very close 1o
the value of {8} which minimizes P] alone;
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H~3 The value of ‘%.1 which minimizes P is very close to the
value of{ys! which minimizes P, + PZ‘

iUsing these hypothesis, separate parts of a model may be
byilt to generate the longitudinal structure, the transy
structure (excluding bulkheads) and the bulkheads. With given
{a} and {vy,} , and wusing the first part of the model, {8
optimum is found; with this {g} and {z}, using the first and
the second parts of the model,{vy,} optimum is found; and,using
{a} 18} optimum and the third part of the model, {v} optimum
is found.

The scalar variables of {8} are retated to the areas Al’
7 A3 and A4 of figure 6. These, in turn, are associated with
the ship’s design general requirements {necessary volume for
ayload, bailast and fuel, cargo handling, and ship stability).
Therafore the optimum value for {8} must be found by optimi--
zing the function P], subjecting the scalars of {8} to cens -
traints imposed by the above requirements. Therefore, the opti
mum value of (Rl is found from the following formulation:

Aa

e

/

min P1 = min P] ({a), {8}, (ya2} )
subjected to:
A, <« gy < ﬁi i= 1, 2, =m=-me~- s N (7)
b, < by ¢ By del, 2, wmeen 1
B. = g & L. where



. - A], Ai and a;t represent, respectively, the minimum the

maximum and the actual value of each area Ai of figure 6;

C -
- Bj, Bj and b, : represent, respectively, the minimum, the
maximum and the actual value of the scalar variables of
3
- L Ei and c. : represent, respectively, the minimum, the
maximum and the actual value of the center of aravity of
each area Ai of figure 6.
Avs Ay Bj’ Bj, C. and Ci depend on {a}
We'll summarize now our previous discussion:
P = P] + P2 + P3 {2}
Py= Py ({a}, 18} ,{y21) (3-4)
::’ Pl sl -
Po= Py (lal, {8}, {yyl}) (&)
Py= Py ({e} {8} {4} {5)
{gY*, (y,}*,{s)* - optimum values of {8}, {vp}and {&} which
optimize P = P} + P2 #+ F’3
{BY**, {y,}** {5}== ne3r - optimum values" of (g}, {y,) and
{8} which can be taken as optimum values for practical purposes.
i) min P1{{E},{B}, fya1)
: ) {RFHR
> {under constraints)

it) min Pyo+ Py ({u) {B)¥*¥{y,1}) {v,}
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111) min P.

According to the foregoing ideas, the work to ge an "au

tomated, self-optimized, bulk carrier structural model™ com

prises the following stages:

1. elaboration of a model for automatic generation of the
longitudinal structure, including “local optimization
features" such as the selection of the ideal {6,} (equa
tion (6)) and area distribution to get the section mo-
dulus;

2. elaboration of a model for automatic generation of the
transverse structure (excluding bulkhneads).

3. elaboration of a model for automatic generation of the
transverse watertight bulkheads;

4. Selection and inplementation of techniques to perform
the optimizations of Pl’ P1 + P? and PS’ using the mo-

dels developed in the preceding steps:

Checking the hypotheses H-4, H-2 and H-3, previously
stated.

LT

Presently, stage no.l is completely developed and tested.

Stages 3,4 and 5 are underway. In chapters 3 and 4 we'll pre
sent the results already obtained.
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This corresponds to phase |, referred to at the end of th

12.

STHUCTURE AUTOMATIC GENERATION.

previous chapter. It i1s such that enables the program to be

used in the following cases:

o

=

CASE 1
DATA QuUT PUT
A or TDW | for each generated ship: L, B.
v H, D, Cg
SF minimum iongitudinal material sectional
| area. i
CASE 2
BATA QUT PUT 1
A or TDW gTWWZ;;}
{ ¥, SFminimum, L,B,H,D, P>
lf:‘f..
% }T”“T‘ ¢

Ll T B
Secticn geometry, with comple-
te scantlings.

minimum’
Hy D CB’ yield stresses,
configuration below,SWBML
and SWBMB {These last two
are optional)

S

./

(T f

i
I
|
¢

\ Ll

b A=l

CASE 3
DATA QUT PUT
A,TDW,V¥, SF Lol

&
' ?"}\
H
4 (\"r".r[r'tt'; i '.",
o 1

T L O s

£ ..‘_'._.IZJ...I.J..

Section geometry, with complete
scantlings.
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CATA - ouT PUT

[ A or TDW, V., SFw*wimum= Minimum thicknesses and stif-
£ g, H.D fezners scantiings
5 by r]l,&..

strosses, the section

. Ly, -yield

gegmetry with all scan
tlings, SWBML and
SWBMB .

i k;‘-;g

S 4 d

s,

{,;1IL!14 i '
QLr-r? rxlz a1 b 2|

The generation is done through a computer program made up of a
‘"master program” plus 14 subrqutineé, organized in fTorm groyps.
"This structure is presented below.

e

GROUP | SUBROUTINE FUNCTION
01 | reading initYal data
02 i reading general data
03 reading complementary data
04 reading supiementary data
i E 05 generation of general data
36 generation of complementary data
07 generation of suplementary data
10 - cemputatlan of geometrﬂﬂa} rarame-

3 ters for scantling calculations.,
' required ship’'s sections nodu]uq“
calcu1ationf

scantling calculations

Z

3 ship's section modulus calculation
4 completing ship's section modulus
5

&

selection of stiffners
rounding of thickresses
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| omiriac | \/’M
i DATA | “ ‘
) \ i
SR gty v S o :
!,r READING P~ GENERATION | SCANTLING cmcmm—wi
: i ' : f
| GENERAL DATA {1 | BENERAL DATA | ,
E v | ? | STIFFNERS SELECTION i
Y AT e
(| COMPLEMENTARY |1 !i COMPLEMENTARY I 3 ?
l ;H' ! ;i ; DF‘\.TF’. 1 i =
. o i REAL SEGTION
b i g ; i MODULUS CALCULATION
, . i 1
. [ SUPLEMENTARY |1 1] SUPLEMENTARY | )
| ~DATA S DATA (1 ; - <
1 ] o g COMPLETING
’ ! , 1 | SECTION MODULUS
1 . : i
{_._.._._._._...._._.,.._.._.4&;,,.,'_, G o e e . 1
CALCULATION OF & AHND TN |
GEOMETRIC PARAMETERS oL RR t
g = "
* ]
GEOMETRIC REQUIRED —
SHI? SECTION MODULUS| - PRINTTING 1

Formal optimization of Pi, through extremals for {B}, 1is5 npow
being introduced, according to the lines presented in Chapter

2

4. CORCLUSIONS

In this chapter some conclusions are presented, drawn from
analysis of systematic longitudinal structure generation. 15
“"families” of ships were considered., each one having 3 “referan
ce ship® These vange from 20.000 TDW to Z00.000 TDW. For each
family 100 different structural configurations were generated.
To abreviate this presentation, we'll restrict ourselves to 5
families, represented by their "reference ships” in table 7.be
low. ‘ -
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SHIP|  (ions) (m) () (m) (m) i

1 {21 545 [150.90 | 22.82 9.54 12.80 0.786

o |37 650 [186.08 | 26.50 | 11.38 15.40 0.793

3 |44 567 [184.50 | 29.00 | 11.80 16.00 0.884

4 |50 500 205.50 | 30.50 { 12.00 17.00 0.805

5 159 260 [280.42 | 42.67 | 18.21 24.69 0.833 |

TABLE 7

a. Table 8 shows the influence of lengitudinal stiffners spa-
cing in Py. It is seen that the minimum weight corresponds
very closely to the minimum spacing allowed by the rules
for the calcutation for shell plate thicknesses.

TABLE 8
NAYIO 1 NAVIO 2 NAVIO 3 NAVIO 4 NAYIOD 5
=7 = =77 = o) =
€ ps 21,50mm € pe 780.13mm € Rrs 717,5mm € pg 812.oﬂmm eLRS_SBE'Gamm
g A / & £ A, € € )
2 gl o | € 49 9 a o)
() | (em2) | | mRyeny fpun, omjgen®y [ o)) (en®y] T % Rk

) oj{mm) (em”) MO
665 117840 0.02 {700 {24896 ]-0.5 {705 (27604 1.0 |735 131386 |-0,4 |820 59109 |~2.

720|17837 | - 1755 {24861(-0.7 |755|27734}-0.51785131309]-0,6 |870 K966 |-1.2
785 | 1623012.2 1815125031 - |810127869] ~ (84531491 - [920 60406

865 { 1873415.0 (890 {25438

o
h

880 {28439 2.01(915|32054] 1.81985 |61542| 1.9

050162691 3.8

L
O )
-

920 {29090 4.4110%132902¢ 4.

1

960 { 19162(7.1 {890 {26013} 3.

b. . The influence of each scalar of vector B on Py is.shown in
graphs 1 to 6 in nages 16 and 17. From them, we conclude that
the impertant scalars of B to be varied in the optimization
procedure are:

1-b  double bottom height

2-b hatch width
3-b double bottom breadth
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5-b deck shear.
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A first look on the influence of transverse spacing in ¥
is made possibie through graphs 7, 8 and 9..1t is seen
that Py decreases, as the transverse spacing decreases.
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Finaily, an analysis of reduction of P, through the use

of higher tensile steel was made, using AH32 steel, as

found in chapter P of the Rules. It revealed that 7,0%
to 8,5% reduction in P1 is to be expected, using HTS in
the deck. If higher tensile steel is also used in the
bottom, that reduction increases to 10,5% to 11,5% . On

the cther hand, using HTS in deck plating means hawving

about 25% to 30% of the section made up of this steel

SHIF 1 o SHIP 4§
! -’_' -
i N Ty e AREENREE
’ | e =805 | 3300 ‘ &
1 i e NI
e i B ! -
| —’__‘,--'-'"""rﬂ" | [ -735 ] L
T b L L AR
At L 1] S P o ’:‘:—“1
T 3200 o
e ’.‘0
1 T e L
e slEE
i i 1 3100 L1 il
: '] b v "‘f" ‘\-
750 300 850 e (i) 300 es 9c0 {rum )
Graph 7 arapn 8
5 SHIP 5
A{em™) T } 2 :
I e,1=895
] t /
62000 {1
i ”M a2l —
.-—-f“""jr”, et
; e b
1000 ! ;” 4201
51030 | | JJA,, e 7}//,
E .A’J/ i J,f"’r' W
.fr i // . j
50000 L |
"M i i ! i | i



while using it also in the bottom increases that. percen-
tage to 50% to 55%.
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