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ABSTRACT

The new technique for optimizing multi-dimensional functions, develop-
ed in Refs. [1] ,[[2] , [3] , [111, end[121 has been successfully
applied in this report to the containership preliminary design problem.

Thé containership design procedure i1s developed in detail and an attempt

is made to justify each step of the procedure in Section II. The optimiza-
tion criterion chosen 1é é least cost criterion and the necessity for in-
cluding payload weight and payload volume error terms in the optimization
criterion as was done in Ref. Ej] is avoided in the current wofk. The
optimization procedure developed for the containership also includeé success-
ful treatment of the discrete ship dimension problem which is engendered
by the fact that containers are built in discrete siues. Sample results

obtained from the algorithm described in this report are shown in Table 9.
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NOMENCLATURE

B = ship beam
c = optimization criterion, output of a set of random variables,

X (e = £(x, P, D).)

c o= cutput of sampling cycle ylelding best previous value of.c,
e = f(x*, P, D).

Cb = block coefficient

'CF = frictional resistance coefficient

CH = container height

CL = container length

Cm = midship section coefficient

CP = priématic coefficient

Cr = residual resistance coefficient

c, OV = volumetric coefficient

cwW = container width

D = ship depth

D = also, the array listing the container daistribution

D = al arfay with specified values |

DBH =  double bottom height

E = distance between refueling ports

(EHP) = effective horsepovwer (bare hull)

F, bh: availgble freeboard

Fr = required freeboafd

£( ) = function of ()
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NOMENCLATURE

(cont)
@4 = metacentric height
GMED = acﬁuﬁl metacentric height
GM% = requlred metacentric heigh@
i - any integer between 1 andn 1 £ 1 <n
k =  sampling cycle counter
L = total number of sampling loops in a complete optimization
proceduré
L = also, ship waterline length
IBP = 1length between perpediculars
M . = exponent of exponential transformation function
n = number of independent random variables Xs) i=1...n
— (i.e. dimensions of vector X)
.é N = maximum number of containers to be carried per voyage
% P = the array listing the owner's requirements, given in Table 2
% P = a P array with specified values
% r = a particular integer between 1 and n (1 Se S n)
gi SHP = required installed shaft horsepower
% T = ship draft
%_ \i = ship speed made good between two ports
% (Vol) = availsble volume in double bottom for fuel usage
K db
% (Vol) = volume of séttler tanks
% st
: WEC = maximum weight of each container when fully loaded
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NOMENCLATURE ‘ :

(cont)

Wb = veight of permanent ballast
W, = weight of fuel
W = veight of machinery
W =  welght of outfit
- W =  weight of hull steel
% WP = weight of payload and associated equipment
W = welght of miscellaneous dead weight
ﬁ X = a set of independent variables yielding c, X = (xl...xi...xn),
; glven in Table 1.
; X* = set of random variables yielding c*, X% = (xf ‘oo xf oao xi).
E= Xy = components of X corresponding to 4, Cp, VAT , C,
;% xi = components of x* '
% v = random number generated by algorithm .(-1 g ¥y s + 1)
E z = random nunber generator (O_§ 2 S+ 1)
% = = transverse inertia coefficient
§ A = ship displacement {
% v = ship volume
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I. Irntroduction

The cost of handling cargo 1n some trades has been estimated to
be as high as 60% of a ship's total operating expenses. New éevelop-
ments in ship cargo gear, terminal facilities and mechanical handling
methods have increased efflcilency somewhat, but more basic changes are
necessary 1f appreciable reductions in operating expenses are to be
achieved. Such basic changes involve the use of large shipping con- <
tainers, barges or trailer bodies as 1lntegral cargo units to be carried
aboard the transperting vehicle. When containers are carried aboard
ship, substential cargo hold cubic capacity is wasted; nevertheless,
the cumulative reductions in stevedore labor, port layover time, pack-
ing costs and pilferage claims far more than offset this disadvantage.

A random search optimization technique, first discussed in Ref.

[ l] and[E_j and applied in Ref §:3] to the preliminary design of
ordinary cargo ships and'in Ref. [12] to tankers is applied in this
report to the design of a containership. Since the design procedure
for a containership differs in many marked respects from that of an
ordinary cargo ship or tanker, the bulk of this report, Section II, is
devoted to structuring a design model applicable to containershipsf
However, ch&nges were also necessary in the optimlzation criterion and
in the optimization technique itself. These are discussed in Sections
IIT and IV.

The difference in design procedure between a containership and an
ordinary cargo ship arises from the fact that the payload of the latter

is usually specified only in terms of its total welght and volume whereas




the payload of the former is épecified in terms of number, dimensions
'fxﬁ and wgight of individual containers. Hence, itffollows that the prin-
clpal dimensions of a containership are functisns of the number, the
distribution and the.size of ‘the containers it is to carry. Because
of this fact, ship beam B, and depth D, are not treated as random
variables in this report, but rather they assume specific values de-
pending on the number, the distribution and the dimensions of the
containers. While ship length L, is treated as a random variable in
this report, it can ohly assume values .greater than a calculated mini-
__\\ mum value which is also a function of the number, the dimensions and
the distribution of the containers.

The independent design variables adopted for the containership
studies of this report are given in Table 1. The optimization tech-
o nique searches out wolues of these four variables that will result

in a’leasticost ship (amortized building cost plus yearly fuel oper-
ating cost) that satisfies a given set of owner's requirements, see

Table 2. It does this by computing the cost (as just defined) of

thousands of sample designs, each corresponding to a set of values
of the independent veriables as determined by'the exponentidl ran-
dom search transformation (Equ. 55), until a near least-cost design is

achleved.
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Table 1

Independent Ship Design Variables, xi

Ttem Symbol Units Variable
1) Displacement - A long tons Xy
2) Prismatic Coefficilent CP non-dimen. X,
3) Speed-length Ratio VAL kts. %
(feet)?
L) Midship Coefficient C, non-dimen. X),
Table 2

List of Owner's Requlrements

(1) The average speed to be made good between two or more
specified ports, X,

(11) The distance between refueling ports, E.

(1i1) Maximum number of containers to be carried per voyage, N,

(iv) Maximum weight of each container when fully loaded, WEC.
{v) The dimensions of each container.

*
Since speed is an owner specified item, the independent ship
design variable, VAL = x; is in effect equivalent to the ship
length, L, being en indep&ndent variable, that is:

L = (V/x3)2 (1)
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Although this study is not concerned with how the values of the
requirements of Table 2 are determined by the owner, it is clear that
'the fol;owing jtems must be considered in the course of this determina-
tion: |
(1) The highway or rail restrictions vhich exist in the countries
in which the owne: sishes to trade. These restrictions will
effect the size and the weight of each container.
(11) The stowage factor of the cergo within each container.
(iii) The number of loaded containers awaiting shipment that the
containership is likely to find at each of its porte of call.
This may‘be 1imited by the availlable staging area at the wharf
or by the flow of containers into the port.
Restrictions on the values that the independent variables of Table
1 can assume in this study are imposed by stability, freeboard, strength
and powering considerations. For example, one of tThe restrictions imposed
by strength considerations is an upper limit on the ship length/depth ratio,
while realistic design practice may be invoked. to impose a lower limit.

For the container ship this is taken as:
10.0 S /D S 145 (2)

Since depth is fixed for any given container distribution, Equ. (2) serves
to impose an upper and lower limit on the values that the ship length can
take. | |

Other restricfions impoéed by strength considerations are discussed

in Sectior8 II-3-b and II-L.
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Since all computations of propulsion pover .are made using the Tay-
loris Standerd Series, it is necessary to adhere to the data restrictions
of Ref. (h] . These are givén in Table 3. Tﬁe upper restriction on
the value of V/fT has been raised from a value of 1.00 in Ref. [ 3] to
1.20 in the current report. This has been achieved at the expense of a
small sacrifice in Cv coverage compared to Ref,!:%J vhich, hOWever, is
of little consequence as far es containerships are concerned.

Other restrictions on the values,fhat the independeht variables of
Table 1 and ship beam and depth can éssume are summarized in Table 6.
Tn addition the user ilmposes restrictions on the values that the ship
disp;acement (independent variable; xl) may assume as follows:

. (%) Imin : ! : (%) Dy (10a)
(xl)min ig obviously always taken as laygerithan the paylcad weight
(the product of N x WEC) and (xl)max ig selected with the upper restric-
tion on the value that C_ may assume (Equ. 6) in mind.

There may also be restfictions on the values that the independent
valisbles can assume stemming from navigational considerations. In the

design of the containerships,dlscussed in this report, navigational 1limilts

were not considered to be restrictive.



Table 3

Restrictions on Varigbles Impcsed by Ref. [h:).

Ttem Symbol Variable Restriction
* .
Beam/draft ratio B/T (g_ m___ﬁt (35) 2.25 SB/T 2 3.75 (3)
a e
37 #y
Speed-length Ratio VAT X, 0.50 = xq S 1.20 (%)
| < -
Prismatic Coefu. Cp , X, 0.48 = X, = 0.70 (5)
HR < <
u.,.\ ' Volumetric Coef. C, 35 %y 0.00L = C_ = 0.006 (6)
p 6
(v/x5)
} Lo . e
L Midship Coef. C, X), 0.80 = x) = 1.00 ()

- ¥From Archimedes Principle, Table 1 and Equ. (1), the ship draft, T is:
35x
1
T = e (8)
X2X,+B(!__) 2
*3

for ships in salt water. Eence, the B/T ratilo is:

B/T = ( )(———)(35) (9,

2

4 3 35%)

it
The volumetric coefficlent, C =

_§ L3 i (v/x3.)6

N ' ) e
This restriction is not imposed by Ref. Lh:! but rather by usual values of

this coefficient used in all ship design work. It is included in this table

: ' )
for convenience. All models of Ref. [hJ have a fixed Cm value of 0.925.




IT. Contalner Ship Deslgn

1. Debiga Prndlsitos

.
"
e

The design procedure of a containership, treated in this section,

- 18 outlined in approximately the order in which a designer would under-

take a contalnerchip design from inceptlon. Each subheadlng of this sec-
tion begins with a general discussion of the toplc of the subheading and
concludes ﬁith the specific decision made with respect to that item in
the current report.

a) Container Size

Under the sponsorship of the American Material Handling Soclety
and the Americen Soclety of Mechanical Engineers, The American Standards
Association (A.S.A.) adopted standards for container sizes in 1961 and
for container strength and fittings in 1962. Table 4 glves the A.S.A.
standard container dimensions, tolerances and maximum gross weilght. In
1965 the International Organization for Standardization (I.S.0.) tenta-
tively adopted the A.S.A, standards in all respects except that strength
standards were based on stacking containers only four high instead of six
high as permitted in the A.S.A. standards.

For any given ship, it 1s preferable to use a single container
size rather than mixed sizes. In the present study, the 20' x 8' x 8'
container sirze is used along Qith the A,S.A. standard permitting a six
high arrangement. However, the algorithm developed in this report hes
the flexibility of handling‘any container size and distribution.

b) Container Hendling

‘Although standard heavy-l1ift cargo booms have been adopted for



Table U4

A.S.A, Standard Container Dimensions And Weights

Length

Width

Height

Maximum Gross
Weight

\ ho

+0"
(4 - o"
) _3n

+0"

8| - 0"
_3u
16

+0"
8! - Oll

30 long tons

29’

D

g
+0"

- 11.25"
._3"
8

+Ol'
8l - oll
"

T

-3 "
16
+O"

8! - Q"

16

25 long tons

>
-

+olf
- 10.25"

"l"

In

+0"
8 - o"

_3 "

16

8" - o

20 long tons

91

+0

- 9.75"
_—3-":
16

+0
3" - o"

_3 1]

16

10 long tons
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?K\\“ handling containers, the usé of heavy-duty traveling cranes has been
found to be far superior because of thelr fester loading cycle. The
two besic types of traveling cranes are 1) shore based and 2) shipboard
cranes. The choice of whish type to use is dependent on the following
factors:

(1) The shore based crane is advantageous in trades employing a

large number of ships calling at a restricted number of ports.

{ The shipboard crane will be advantageous in cases where & few
A__\\ ships call at many ports.
(11) In general, shore based cranes do not require as.much main-

tainance and repair work as shipboard cranes, which are sub-

Jected tc'l) salt alr and water enviromment and 2) the effects
of ship's motlione. While major repair work and parts replace-
ment are very difficult at sea, the shore crane can be readily
repaired while the ship is at sea with no resulting ceiays iu
loading operations.

(111) With the shore based crane, the crane operator views the con-
tainer entry location obliquely and from a considerable dis-
tance. In this case, a larger transverse "targét area" must
be provided between container cells compared to that necessary |
1f a shipboard crane is used. With the latter crane, the opera-
tor vieys the container entry location directly fvom above, and
the target area may be smaller. In order to provide the lncreas-

B ed target area needed with shore based cranes, the container
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cells must be further apart transversely, thus forciﬁg
| more of the ship's cubig capacity to be wasted.

(iv) The stability of a ship vwith a shipboard crane is impair-
ed compared to thet of e similar ship employing a shore
based crane.

(v) Tﬁe cargo demdweight of a ship with a shipboard crane is
less than thﬁt of an otherwise ldentical ship employing
a shore base@ crane, because of the weight of the crane.
(¥1) Both tipes of crane have approximately the same loading
. cycle time since the loés of time in loading gontainers
due to the oblique view from the shore based crane is offset
by the greéter travei speed of the shore based crane.

All facts considered, the shore based crane is chosen for the
designs to be developed in this report. If the shipboard crane is to
ve used, slight modifications have to be made in the existing version
of the program to incluue 1) the weight ot the crane, 2) i1ts effect
on.ship's stability, 3) possible changes in the englne room length,
mabhiﬁefy weight and fuel welght due to the nécessity for an addition-
al generator.

¢) Cecntainer Hold Arrangement

The speed with which cargo can be stowed within the hold of a
ship is among other things'a function of the number of directions in
which the cafgo,must be mbved within the hold. In.a conventional cargo

ship, both horizontal and vertical cargo movement 1s necessary for

Hlo -



\\\w loading. These two operations are 80 time consumning that the
longitudinally continuous hatch design was developed for the
ordinary cargo ship to make bhorizontal movement of the cargo
unnecessary. With the typical containership, horizontal move-
of the containers during loading is also unnecessary.
To accomplish loading with vertical motion only the contain-
‘ers are stacked, one on top of the other, six high in the hold,
in accordence with the A,S.A. stendard, with the corner posts of
each container takiéng the load of the contalners stacked above 1t.
Fach of these vertical columns 1s termed a cell. To assure pPro-
per line-up within each cell, the four corners of the cell are
——— bounded by fertical angle guides running continuously from the
A . top of the hatch coaming t?/phe top of the inner bottom. These
not only serve to guide the container vertically as 1t i8 loaded
so that it lands squarely on the container beneath, but they also
serve to prewent shifting of the contalners at séé as the ship rolls
and pifches. |
Figure.; defines the terms "cell", "row" and "layer" as used in
this report and in stendard containership terminology. A row 18 all
R cells siigned transversely between the two longitudinal bulkheads

bounding the hold and consists of up to six layers of containers below

the main deck.*

= ,
The term "column" as used in the algorithm printout refers to a cell
extended to include the containers above the main deck.




FIGURE 1.

Definition Diagram for "Row'", "Cell" and "Layer".



The guide angles used to line-up the containers in a cell

ars continuous steel angie sections varying in scantlings from

b x W to 6" x 6" with a thickness of about 5/8". These gcantl~
ings are required to prevent distortion should the container be-
come jammed in the cell owing to a heavy 1list during loading. To
minimize the possibility of Jammilng,transverse clearances between
guide angles and containers of sbout 1/2" and longitudinal clear-
ences of about 3/4" are used.

At the top of each cell,2 funnel-like arrangement is provided

to facilitate entry of the container into the close fitting cell

gulde angles. When loading 1s done by shipboard crane, Ref.[ 5]

recommends a net transverse clearance of about six inches between
any two adjacent containers in their cells to provide adequate
transverse target area, while if a shore based crane is used, nine
inches are recommended.

The vertical losd at the bottom corners of the lowest contain-
er in & cell ¢s- quite high, since the entire load is carvied at
the corners. For this reason, it is important to locate the contain~
er cormeeB immediately over. a longitudinel girder or golid floor, or
preferably both. Also, doubler pla%es should be provided to prevent
punching through the tank Top and to provide an even stress distri-
bution in the structure. For this study, the doubler plate thilckness

is taken as one inch.

213 -
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Thé number of cont&éiner rows per hold is limited by flood-
able leﬁgth considerations. For a container ship with wing tanks
and double bcttom, this restricts the maximum length for a typical
hold to about 100 feet)which}with the necessary clearances, allovs
a maximum of four 20' k 8' x 8' containers to be stowed longltudin-
ally. (Longitudinal clearances are discussed in Section II-2-c).

The number of cells per row 1s restricted by maximum beam
conalderations (harbof and canal clearance requirements). In the
current study, the number of cells per row 1is limited to a waximum
of nine; however, the algorithm can acconmodate any specified num-
ber of cells:per row.

If refrigerated containers are carried, suitable access has
to be provided so that the machinery end of each refrigerator con-
tainer can be reached for repairs and power connection with the
ship's electrical syétem. This requirement results in either a
ldnger hold or fewer container rows per hold: The former modifi-
cation can Be incorporated in the existing algorithm by simply ad-
justing the longitudinal clearances. TP refrigerated contalners
are carried, the englne room length, machinery and fuel weight.
must elso be adjusted to allow for additional eleétrical power con-
sumption. |

In the current study, the contalners are asgsumed to be:

1) 20' x 8' x 8' in size

1i) Non-refrigerated

~1h-



111) Stowed with their longest dimension in the fore and
. aft direction.
iv) Stowed up to‘six high in the hold (A,S;,Aa standard ).
v) BStowed with up to four rows per hold (floodable length
1imitation). |
vi) étdwed with up to nine cells per row (beam limitation).

d) Deck Stowage of Containers

It is highly desirable to be able to losd containers on deck
as part of the ship's normal chegg since they increase earning capacilty
with&ut increasing the ship's volumetric requirements. The extent to
vhich they can be stqﬁed on deck is governed by the following considera-
tions:

1) owner's requirements for contalner protectlon from salt
vater damage.,

11) Ship stability (particulari}y if no permanent ballast 1e

to be carried).
111) Visibility problems especially with the bridge located
aft.

iv) Crane helght: If a shore based crane is used, the maxi-
Jmum height to wihich containers could be stoved on deck

will depend upon both the distence from the water at
high tide to the crane boom &8 well as on the ship's
draft end preeboard. If shipboard cranes are used, the
higher the containers are stackedv?bove deck, the larger

4
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and heavier the shipboard crane becoﬁes, further aggia-
vating the stability problem.

Securlty as sea. It 18 necessary to secure the deck con-
talners in order to prevent toppling and shifting due to
ship's motion and to restrain undue racking of the lowest
layer of deck contalners. Satilsfactory ways of securing
at sea are the following:

1) A rigld cell structure b{ult up above the deck.

2) Lashing the containers with wire ropes.

3) Structural frames interposed between layers of
containers to which the contailners are tied and
which in turn are restrained by structural buttress-
es at the vessel's slde.

' These securlng techniques become quite complex if the
number of container: layers above deck exceeds two.
Hateh covers. Hatéh covers on the weather deck covering
a1l cells in the hold are usually of the 1iftron/lift-off
steel pontoon type. FPontoon covers have the advantage of
occupylng no deck space when open since they are stowed
upon adjacent hatch covers or upon deck contalners of an
adjacent hatch not being worked at the time. They are
1ifted by the crane handling the contalners. For easy
handling of'thevhatch covers, the hatch opening shoald be
subdivided into separate sections by longitudinal and
transverse hatéh support girders, the locatione of which

will depend upon the layout of the hold. Each of these

16-



sections is theﬁ covered by a single pontoon of a reason-
able size which can be hendled quite easily.

The hatch covers must be designed to withstand the
conméntratédnldads imposed by the deck coﬁbainerﬁq To en-
sure reasonable plate thiclness, the number of container
leyers above deck is usually limited to two. TFinally, the
hatch cover must be adequately stiffened to permit 1ifting
by the ends with the crane. This stiffening may increase
the thickness of the pontoon cover. The overall pontoon
thickness used in this study 16 four inches when one layer
of comtainers is carried above deck and six inches when two
layers of contalners aré carried above deck.

All facts considered, the number of container layers above deck 15
1imited to two in the exemples of thils report; hovever, the algorithm is
such that any number can be specified and the correct design will be gen-
erated. Furthermore, the common practlce of stowing containers with the
same number of cells per row and rows per hold, above deck as in the hold,
-1s adhered tq in the algorithm of this report.

e) Machineriﬁpocation

Because of the fixed container shape, the extremities of a normal
ship form are unéuitable for container stowage. Therefore, the mach-
inery in conteinerships 1s normally lécated aft. Other factors favor-
ing this location are: |

1) It 'permits structural continuity in the vicinity of amid-

ships which provides better strength characteristics.




11) An unbroken sweep of cargo hatches makes the cargo handling
éasier. | |

111) If a shipboard crane is used, one crane cen suffice for the
vwhole operation.

iv) The sheft alley is eliminated.

v) Soot corrosion of the tops of deck-stowed containers 1s
practically eliminated thus reducing maintenance costs.

The factors not favoring this location are:

i) Trim ‘problems especially in the hightship condition (in the
operation of containershilps, this condition is very rarely
encountered as loading and unloading is done simultaneous-
ly).

i1) Machinery arrangements, particularly piping, are often awk-
ward because of severe shaping of the hull.
111) The required midship sectlon modulus is higher for a mﬂchinery-

aft vessel, resulting in higher steel weight and cost.

A1l facts considered, the advantages of ﬁlacing the machinery aft in
containerships outweigh the disadventages and it is so located in-the stud-
ies of this report.
£) Other Cargos
1). General dry cargo. Although the holds at the ship'é forward
extremity are ihefficient for éontainer stowage, this location
- would be satisfactory for general cargo, handled by convention-
al unloading gear. However, mixing of cargoes usually results
in a greater turn around time because of the inherent ineffil-

ciency in dry carge handling techniques.

=18~



ii) 'Cargo oil. Since containers can be stowed only as far out-

voard as the edge of the hatch opening, the space outboard
to the shell*'could be utilized as cargo oll ‘tanks or ballast
tanks. The spaces available for these purposes are: 1) the

wing tanks, excluding the 8 feet immediately below the weather
deck used as a continuous fore and aft passage way, 2) the

part of the double bottom not required for fuel oil and ballast
and 3) the deep tanks in the forwerd and aft holds. The pro-
blems encountered when cargo oil is cerried are: l) increased
turn around time, 2) increased cargo handling costs and 3) in-

creased power requirements due to increased displacemenﬁ.

All facts considered, no cargo other then that in contalners willl be
e ‘

;@ carried in the examples of this study. If' other cargos are to be carried,
/// 'nndificatiéns must be made in the present algorithm to account for these
changes.

f) Required Stebility

The requlred GMTat sea for an ordinary cargo shlp, may be determined
by establishiﬁg an upper limit to the angle of heel caused by wind forces
or by unsymmetrical flooding in the event of damage. Since a container-
ship has a larger windsail area than an ordinary cargo ship and since it
hee large wing tanks which may be empty, it may réquire 8 larger GM at
sea than an ovdinary cargo ship. Examination of existiﬁg containeﬁehip

designs indicates a minimum allowable,at ses, Gy, value of 44 of the beam

¥
A certain minimum width of deck plating 1s needed between the outboard
edge of the hatch and the shell of the ship for structural reasomns. (see
Section II-3-b). ‘
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émgi .O4B - (11)
vhere: GM is the actﬁal GM ag calculated by Equ; 53. ;

The GMain port for a contailnership may have to be larger than
at sea if shipboard cranes are utilized. This erises from the possi-
bility of large heeling moments when the cranes are fully extended
with a load suspended. Ref.[ 6] suggests a naximum alloweble angle
of heel of 50 to prevent jemming of the containers in their guides
ag they ere being loaded. However, this port requirement éan be
met by pumping ballast on board% in port in the ample tankage that
ig availeble on containerships. Following loading operations, this

ballast can be discharged.

2., Container Block Dimensions

The container block is defined as that part of the below deck volume

of a container ship which has sufficlent length, width and depth to house

the number of containers specified by the owner minus the number of con-

tainers which ere to be carrled above deck.

The Pfollowing factors enter into the determination of the contalner

block dimensions:

v g

a) Container Distribution

The specification of container distribution includes the

* This ballest should not be assoclated in any way with the item called
Ballast Weight, see Equ. 30, in the printout of the algorithm. The
latter welght is the difference hetween the required and the availeble
displacement (see Equ. 30) which the elgorithm attemps to minimize
(see Section III). |
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- followings i . - |
F\\w 1) number of layers below deck (Section II;l—c)‘
1i) number of layers above the deck (Sectlon II-1-d)
i11) nuiber of cells per row (Section II-l-c)
iv) number of rows per hold (Section II-l-c)
It 18 not feasible to predetermine the optimum container distri-
bution. However, because of the restrictions described in Section LI~
l-c and 4@ there are only a very limited number of distributions posslble
for a specified number of contalners. With the current algorithm, the
--\ designer must systematically try each of the several possible distribu-
tions until the optimum one 1s found.

b) Shape Coefficient

The shape coefflcient is the ratio of the number of contalners that
///’ ) can be housed inside of a ship shaped block to the number of containers
that could be housed within a cublc block of the same dlmensions with no
shape. Typical values of the shape coefficlent from Ref. [ 5] are as
follows:
1) 0.85 - 0.90 for an all containership with machinery aft.
i1) 0,95 - 0.98 for a ship with a dry cargo hold forward and machinery ai”

ii1) 0.80 - 0.83 for an all contailnership with machinery emidships.

v —

The'upper value of each range of values in the preceding is applicable
for full ships carrying small contelners while the lower value of each range
is applicable for fine ships carrylng large containers. Values used in the

sample studiee of this report are given in Table 5.
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Table 5

.Shape Coeiflcient

. o' x 8' x 8"

Range of 20' x 8' x 8'] 30' x 8' 8'
Prismatic Coef.| containers containers containers
CP
.48 - .50 .87 .86 .85
.50 - .52 .88 87 .86
59 -_.Sh .89 .88 87
osu - 056 090 -89 088
.56 - .56 .90 -89
.58 - .60 .90
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c) Hold Length
To allow for clearances and structure, the hold length must be

a minimup of 15% greater than the nuwber of pows per hold (Bpecified
in the ddstribution) times the length of each container. The hold
length must also be a multiple of the transverse frame spacing of
the ship vhich 1s assumed at a standard value of 30 iﬁchebé“"Thus,
the total hold lengths for 20 foot containers are as foll&ws:

one row per hold: 25' - 0"

tWwo ToWs ﬁér hold: hT'If 6"

three Yows per hold: TO' - O'

four rows per hold? R' - 6"

The length cf a hold in the forward end of the ship might be
elightly different from a typlcal hold amidships because of the
reduced frane spacing towards the ends of the ship. This could be
taken account of by adjusting the longltudinal clearances to corres-
pond to the combined frame agacing. In the present study, this
modification is not made because of its neglible effect in the

determination of the total container block length.

d) Hold Width (Container Block Width)

The conteiner block width between longitudinel bulkheads (identi-
cal to hold width) 16 slightly greater than the number of cells per
row times the container width owing to loading target area require~
ments between‘coﬁtainérs ah& cl.earances for longltudinal hatch beams.

If there are an even number of cells per row, a single centerline hatch

¥This i8 the maximum number of rows of 20 foot containers that can be _
stowed in a hold due to floodeble length considerations (see Section TT-1-8)
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-beam 48 sufficient while if there are en odd nuwber of cells per
row, two longltudinal hatch beams are required for symmetry. The
width of a typicel hatch beam is taken as about 12 inches.

The hold width may be computed as follows:
Hold width (in feet) = NCR ¥ CW + NOR IR v mo W (12)
where:
NCR 1is the number of container cells per Irow.
CW 1is the width of each container in feet.
: TCBC is the transverse clearance between containers in
?\\ | inches (6 inches for shipboard cranes and 9 inches
for shore cranes, see Section II-1-b).
FW is the width of the hatch beam in feet (taken as 1 foot)
o EOQ is a factor equal to 1 if the number of cells per row
is even and equel to 2 if the number of cells per row
is odd.
For example, for a ship carrying eight foot wide containers with
elght cells per row and employing & shore based crane, the hold
width is Tl feet.

‘e) Hold Depth (Container Block Height)

The rgqpired hold depth is the number of contalners per cell
times their height plus allowence for the tank top doubler plate
(1 inch) and the clearance between the uppermost container layer

below deck and the hatch cover (taken as b4 inches).
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£) Container Block Lengbh

The following example will illustrate how container block length

may be determined given the information assumed known at this stage

of the design procedure:

Glven: .
1) total number of containers to be carried - TOO

11) container dimensions - 20! x 8' x 8' (see Section IT-1-8)

11i) shape faector - 0.90 (see Table 5)
iv) 1layers below deck - 6 (see Section TI-1-a)
, v) layers sbove deck - 2 (see Section IT-1-d)
N vi) cells per Tov -7 {see Section II-l-c-vi)

vii) rows per hold - L (see Section II-1-c-v)

Solution Stpes:

A TOO
4 1) =x B % 0.90

2 ’ 2) This required three holds of four rows each and one hold

~ 1k rows

of two rows.

i 3) Total length of three four Tow holds= 92.5 x 3 = 277.5'

(see II-2-c)

% ' Total length of one two row hold = W7.6
‘ (see 1I-2-c)
| Total conteiner block length - 325.1

3. Container Ship Principle Dimensions

a4) Ship Length.
psrmoted in the introduction, Equ. (1), the ship length, LBP 18

% The length between perpendiculars, LBP, is taken as 98 6% of the water
1ine length designated, L, in this report.

(13a)
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' is one of the independent varisbles deteruined by the outcome of the
random search process, However, the ship length so determined rust
be equal to or larger then the minimum required ship length which is
taken as the sum of the parts:

.-LBP 2 eontainer block length + machinery space length + fore

“ and aft peak tanks, ‘ (13)

Theflast item is taken as .09 LBP. The container block length
is as dé%ermined in the previcuam section. The length of an engine'
room aft with gear turbines is derived from the following empirical

Pormila:

Machine Space Length (feet) = 60 + SHP x ].O-3 with boilers aft
of the engine (1)

where: ,
SHP is the required installed power

The algorithm of this study incorporates a check to insure that

only velues of ship length satisfying Equ. (13) are accepted in any

gsempling cycle.

b) Beam (B).

The beam selected must be such as to leave sufficiert deck width
outboard of the container hold for strength purpuvses. According to
Ref. [ﬁ] , T - 6" of deck plating on each side of the container hold
should be adequate while accarding to[:6] , deck plating baving a
total width equal to,éo% of B ié acceptable., However, thére are con-

tainerships in operation in which the totel deck plating width is as
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srall as 14.1% of B. [6]
For the purpcses of this report, a minimum deck plating width of
17' - O" is used for nine container cells per row, 15' - 0" for eight

container cells per row and 13' - 0" for seven contalner cells per row.

Using Equ. 12, the minimum ship beam is then:

>
B = 76.25' for seven cells per row

>
B = 86.00" for elght cells per row (15)

>
B = 97.79 for nine cells per row

¢) Depth at Side, D.
The depth at side to the uppermost continuous(frectivard)deck of a
containership is a function of the following five ltems:
4) Double bottom height (DBH).
Tﬁis can be determined using Table 4 of [T ; however,
this height can be less with special justification. For
the usual containership arrangements, the values of [ 7 ]
are too large, hence the following figures are used in
this study:
54 inches for ships having 8 container cells per row
48 inches for ships having T container cellé per rov
11) Center Strake thickness.
This can be determined from the formula:
Center Strake thickness = 0.52 + (LBP - 440)/ 1250 + 0.08 in.
which.corresponéé approximately to the values for center

strake thickness obtained from Table 4 of [ 7.
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1ii) Container Block Helght (See II-2-e)
1v) Camber
\\% The deck camber of'containerships (1f any) increases linearly
to its maximum value et the side of the hatch operning. Tor this
study, a three inch camber is used.
v) Hatch Coaming Height
Hatch coaming height can be determined using 7] . An ip-
creased hatch coaming height saves steel weight and reduces
depth at side so it is customary to use hatch coaming helghts
aarger than required by [T] . For a containership the upper
velue of the hetch coaming height is limited by stability and
h-‘\ cargo handling considerations primarily. For this study, a

value of 36" is used.

i With knowledge of the preceding five items, the hull depth, D, at side
.

,//f “is given by:

D = Double bottom helght + Center strake thickness + Container block
*
helght- Camber - Hatch coaming height. (16)

h, Structural Considerations

The basic requirements in the”structural deslgn of a ship are to pro-
vide sufficient hull section modulus for hull bending (specified by the rules
of T7] ) and to prevent excessive deflections due to twisting and racking.

 As far as section modulus is concerned in the design of a containership,

the large longitudinally continuvous hatch opening in the weather

#Doubler plate thickness and vertical clearance tolerance are included
in the container block helght.
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deck is compensated for by longitudinal bulkheads pro.-ided at each
side of the hold together with heavy deck and shear strakes. iong-
itudinal framing, below the deck outboard of the held and in the
double bottom, also aids in achieving the requlred sections modulus.
While longitudinal framing is desirable, below deck and in the
double bottom, to provide the necessary sectional modulus, transverse
framing is desirable in the wing tanks for the following reasons:
i) Transverse framing on the side shell is easler to
weld at the extremities of the cargo hold where the
“‘N\ | narrowness of the wing tanks would mske the welding
of longitudinal frames difficult.
ii) If cargo oil is carried in the wing tanks, they are
g far easlier to clean and maintain 1if they are trans-
Ve - versely framed.
iii) Transverse framing provides racking strength.
A1l facts considered, the following structural arrangements are
adopted for the containership studies of this report:
1) Longltudinal framing in %the double bottom.ahd beldw the
mailn deck.
11) .Longitudinal bulkheads at each side of the hold.
ii1) Tranéverse framing on the longitudinal bulkheads and
side shell.
iv) Trensverse bulkheads, web frames and web rings as required
for torsional and racking rigidity.

v) Heavy deck plating and heavy sheer strakes.

-29-



5. Other Empirical Equations Used in This Containership Study.

The empirical equations presented in this section form the basis
for the computations in subareas of the ship design process not dis-
cussed in previous sections. Beéause there are no published data
concerning welghts and costs for containerships, many of the same
empirical equations in these deslgn subareas had to be used in the
present study as were used in Ref 8] and subsequently in Ref. { 37]
for the more common merchant ship type*. A1l of the empirilcal equa-
tions given in this section may be numerically solved in each sampl-
ing cycle on the basis of:

1) Values of independent variebles calculated at the be-
gining of each sampling cycle by the exponential random
gearch technlque.

ii) Informstion aiready derived in previous sections of this
report.
This information is summarized in Table 6.

a) Freeboard (é;l Freeboard dimensions are in inches)

1) Available freeboard (Fa)
F, =120 D - (0.25 + )] (17a)
Equ.ation'.‘l;iﬁ‘assumesa'g;inch margin line and that the
uppermost continuous deck 1s the freeboard deck.

11) Required freeboard (Fr)

for L = 40O feet

# . S
This is the major short coming of this report; unfortunately the de-
signers of containerships have been reluctant to release these data.
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F = 4,21 + 3.59 C + 3,71 L

lOO) lOO)

for OO feet < L 5-750 feet

lOO lOO lOO
for 750 < L ' ,
F_ =0.2322 * L
Equations (17) are based on[ 97 .
In order for any design %o be accepted Fy Z F,

b) Power

1) Frictional resistance coefficient, Cp.

o - 0.75
F 512
(log, R, - )

where:
Re is the Reynolds number for salt water at

59°F, R_ 1s given by:
- 1.3177 x 10° (L x V)

where:
I, is in feet

V is in knots
11) Correlation allowance, ACL.
ACF = 0,000k
11i) Residuel resistence coefficlent, Cp.
| CR is obtalned from Taylor Standsrd Series subpro-
gram disqussed in Appendix I and IIg.

-32-

(17b)

(17c)

(17a)

(17e)

(18)

(19)

(20)




iv) Pare hull, (my)bh

1 "
- : 2 (y3
(EHZP)bh p/2 (wsf) (& x L)2 (V) (cF + Cp AcF) 0.00872 (21)
wheref o
p = mass density at salt water at 59°F = 1.9905
WSf = wetted surface factor given in Table T

Required Installed SHP

Corrections are applied to the (EHP)bh for appendage resistance,
propulsive coefficlent, and service margln. Thé service margin
is intended to take account of the effect of rough watexr, foul-

ing and so on. Assumed values for the foregoing allovwances

" are:

Appendage aliovance = 3% of (EHP)bh

Propulsive coefficient = 75%
Service margin = 25%

Using these allowances:

SHP = K, (EHP), (22)
where:
_1.25 x1.03 _
K == = 1.7
c) Welghts (all weights are in terms of long tons )
£) Outfit Weight = (L * B) K '| 1.60 (23)
W = 0.15 =2 .
o . 100 J
where:
- K9 = 0.986
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Table T

Wetted Surface Factor, WS

£
B/T WS,

‘ 2.25 15.09
2.75 15.05
3.25 15.12
3.75 15.29

The values given in this table are applic-
able to the Taylor's Standard Series with

Cm = 0,925, The small variation of WSf

with C_ 1s not accounted for in the algor-
ithm of this report.
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i1) Steel Weight =

_ L(B-D) K9 1.19
WS = 2,107 | 156

(2k)
111) Vet Machinery Welght =
W =718 {smp] 0.495 (25)
(the individual items inzluded in each of the three
preceding weight groups are given in [}O] . )
iv) Welght of fuel oil (Wf) required to sall the speci-
fied distance, E plus 10% allowence, at a glven
speed V:
_ (1.10) E * SHP * FR
Ve = SBR0 F T (26)
where:
FR is the approximate fuel rate
_ 0.5 SHP
FR = g5~ 058 (27)
v) Miscellaneous deadweight =W _ = 300 (28)
vi) Payloed weight = wp =N x WEC (29)
vil) Ballast welght =W =24 - W, - Wy =W - W - W~
>
=0 (30)

W
b
Any values of A = x; not satisfying Equ. (30) are
rejected by the algofithm.

d) Volumes (all volumes glven in cubic feet)

1) Approximate fuel-oll capacity in the double bottom

(VOl)db:,

(Vol)g, = (K9 * L) * B ¥ DBH * (0.69 * C,) (31)
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Cb is the block coefficient at LWL: factor 69% is a
correction for structure in inner bottom and & correc-

tion to obtain C. at the WL helght equal to tank top

height. (Fuel-oil stowage factor is 37.2 cu. ft./ton).
11) Approximate fuel-oll settler-tank capacity (Vol)st
(Vol)_y Z 5600 cu. ft. (32)
(In the algorithm»(Vol)db + (V'ol)St mist be equal to

or greater than 37.2 W,; 1f it is less than 37.2 Wf,

then Vol , 1is increased beyond 5600 cu., ft. until

t
(Vol)ab + (Vol)_, = 37.2 We).

e) Actual Stability

i) Approximation to the transverse inertia coefficient (&¢)
of the design load water plane:
o = 0.095T c, - 0.0122 (33)
11) Approximation tio the KG of steel:

KG, = KD (34)

where:

K3 = 0.61

111) Approximation to the KG of outfit:
KG =KD (35)

where:
Ky
1v) Approximation to the KG of mlscellaneous deadweight:

= 1.00

KG, = KgD | (36)

X

where:

Kﬁ = 1.00
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vi)

vii)

viii)

Approximation to KG of fuel oil in steeler tanks:
KG,, = DBH + 0.60 (D-DBH ) (37)
Approximation to KG of fuel oil and ballast in
double bottom. For normal ships this 1s takén as
2/3 of the tank top height:

KG.. = 0.67 # DEH (38)

db
Approximation to machinery KG, with bollers full
and for conventionél arrangement for steam-turbine
plant:
KG_ = 0.55 D (39)
Approximation to the vertical moment (M)Pb of pay-
load below deck:
In Sectlon (II-2-f) the number of rows (: NROWS ) required

to accomodate the containers was calculated.

Let NI = | (NROWS)(NCC)(NCR)

where:NI is the number of containers that could be housed
within the container block dimensions if the shape
coefficient (see Section II-2-b) were 1.0.
NCC is the number of containers per column.
NCR is the number of‘container cells per ToW.
and NLOST = NI - N.
ﬁhsyg:NLOST is the number of contalners lost due to hull
shape.
N is the required number of containers to be carried

per trip.
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It is assumed that: ,
1) the integer part of 25% of NLdST is lost from
layer, 1 (NLOST 1),
2) the integer part of 25% of NLOST is lost from
layer, 2 (NLOST 2),
3) the integer pari of 20% of NLOST is lost from
layer, 3 (NLOST 3).
Let NREM = (.3 NLOST)/{NCC-3)
If NREM is an ianteger, it represents the number of con-
tainers lcst from each of the remaining layers i.e.:
layer(4), layer(5), ---- layer (NCC-1), layer (NCC)
If NREM is not an integer, the integer part of NREM, [NREM))
represeﬁté the number of containers lost from layer(5)
layer(6), ---- layer (NCC). and the number of containers
lost from layer, .4 (WLOST 4) is given by:
(NLOST 4) = (NLOST)-(NLOST 1)-(NLOST 2)-(NLOST 3)
- ("RE}] (NCC-k).
The number of containers (CONT(i)) in each layer,i, f&r

i=1....4, is now determined as follows:

1 =1) CONT 1 = (NCR)(NROWS)-NLOST 1

i

2) CONT 2 = (NCR)(NROWS)-NLOST 2
1 = 3 CONT 3 = (NCR)(NROWS)-NLOST 3

1=1) CONT b = (WCR ) (NROWS )-NLOST 4
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ix)

The number of containers (CONT) in layers, j, for
J =5...NCCBD is now determined as follows:
$
CONT = (NCR)(NROWS)(NCCBD-4) = [NREM}(NCCBD-4)

where:
NCCBD = number of contalners per column below

deck,

Let:LEVER = double bottom height + center strake thick-

ness + double thickness.

then: .
(M)pb = (CONT 1)(LEVER + 3CH) WEC +

(conT 2)(LEVER + 3CH) WEC +
2

(CONT 3)(LFVER + 5CH) WEC +
2

(CONT 4)(LEVER + TCH) WEC +
)
(conT )(LEVER + 4CH + (NCCBD - 4)/2) WEC

where:
CH 1s the contalner height in feet and WEC is the

welght of each container and its cargo.
Approximation to the vertical moment (M)Pa of payload
above deck.

LEt:(CONT A) be the number of containers carried above

deck
then (CONT A) = N - (CONT 1)-(CONT 2)-(CONT 3)-(CONT 4)-

G (cont)

>
*mxpression evaluating CONT implles thet NCCED = k4

-39~
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Let:
LEVER A = D + (CA + HCH + HC)/12 + ENCC - NCCBD)(CH}/Q

where:
CA is the camber in inches

HCH is the hateh coaming height in inches

HC is the hatch cover heilght in inches
then (M)Pa = (CONT A)(LEVER A)(WEC) (41)

x) Approximation to the center of buoyancy (xB)

KB = KT (42)
where:
K, = 0.54
xi)GM—Keﬂxl‘ﬁ-- (W KG +W_KG +W KG +
a 354 s s o o m o om
(V'ol)St (Vol) .
KG , + (W, - st +W_)KG., +W (43)
—gré— st | f —g-re——- b db X
KG, + (M) + ()0 /B
xil) Is M = GM.? (k3a)

f) Costs (all costs are given in dollars)

i) Outfit Costs (co).

for O < W < 1400 tons
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11)

1i1)

iv)

...3 2
c, = y[ 1100 - 0.0k3 T + (0.112 * 107) W_ -

o8 -6 3

(0.1323 410 ) W ]wo

for 1400 < W, < 2600 tons

c_ - b 2430 - 1.928 W_ + (0.722 % 1073) W

a, ~6 3
(0.09L # 10 ") L ]wo

ny .

for Wo 2600 tons

C =Lk %698.8W
Q (o]

Steel Cost (cs).

c, =k *[218.l+ - 21,38 W # 107 + 2,061 W
107 - 0.1149 W3 % 10'9]wS

Equ. 47 is restricted to O = W_ = 8000 long tons
Machinery Cost (cM).

for SHP = 13000

SHP
CM =‘h 137.7 - —SiD SHP

75.32 + — 5.92
100

>
for SYP = 13000

=) SHP

3.249 2 - 173.95

SHP

M

Ballast Weight Cost (cB)

QB = 1000 #* Wb

Annugl fuel cost, Cf

W, V/E

Cp = %0 K5 Ve

41

(bh)

(45)

(46)

(47)

(48)

(48a)

(49)

(50)



Ky = 13.90 $
KlO = Ship use factor, its value depends on the follow-
ing assumptions.

Let:
V = required speed (owner's requirement)

E = range between fuellng ports (owner's requirement)

Wf = tons fuel oil needed for steaminé a distance 1.10E,
this includes a 10% margin for reserve.

Uy = percentage of time (year) when the ship is operating
at full power.

U, = percentage of time (year) when the ship is operating
at reduced power. |

r = ratio of '"fuel consumption at reduced power".to "fuel

consumption at full power" (0 <r <1).

Then:
Tons of fuel oil required for one hour's operatlon at full

power = Wf *V
1.10E

Hours per year at full power = 365 x 2k Up-
Hours per year at reduced poﬁer = 365 x 2k U,
Tons of fuel required for one hour's operation at reduced
power = Wf v
(ﬁﬁE)r

Therefore, the total fuel oll required per year:

Lo



2
(W)gy = -315-%—5— x (Up+UF) & =K

hence:

KlO_’ = T971..6 (Ui,f + Urr)

Numericel example in deriving K,

" For a conventional containership carrying 800 contalners

per trip at 25 knots for 3,000 miles, the owner can-anti-

cipate 49 one way trips in a 343 operational day year.

So for such a case: _ 49 (3000
- (25)(2F)(383)

= .TL
u, = .25
Dead Plant = .0k

From [8] r for steam turbines is approximately equal to

042, So:
Klo = 5750

Total annual cost.

— —_ Al al Y \ lal A
LTotal annual cost = c =K (CO +C, + Cy + Cp) + Cp (51)

K, = 0.0704 and is derived as shown below:

I .os)'25 - .025
1 (L + .05)°7 -1

.05

which assumes:
Straight-line depreciation plus average interest.
25 - year economic life
21% scrap value

5% interest
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III. Containership Optimization Criterion, c.

On the basis of an examination similar to that presented in {3],
it was decided that the overail optimizetion criterion should include
two considerations. One of these 1s the economlc criterion (the sum
of the yearly fuel costs plus annual depreciation and interest charges ).
The other 1s related to the so called ballast welght or excess tllsplace-
ment (see Equ. 30). In contrast with {3 the latter consideration)
instead of being treated as a separate term in the overall optimization
criterion, has been incorporated into the economic criterion in this
report by regarding the excess displacement as permeaent ballast and
including its cost in the total ship cost as indicated by Equ. 49 and
51. |

The selected optimization criterion is therefore the total annual
cost, ¢, as defined by Equ. 51. The optimization technique described
in Section 2 of Ref. [3] , applied to the containership desin model,
seeks to find those values of the independent varisbles, X1s Xp, Xg
and Xy, (see Table 1) that will result in a mininmum valué of ¢ for any

glven set of owner's requlrements (Table 2) and any selected container

distribution, that is for:

c = £(X, Er]—j) (52)

where:
X:xl, x2, c0ey }Ci’.., an

P is a specified set of values of the owner's requirements glven
in Table 2.
D is a specific container distribution (see Section II-2-a)

<
(€ dpin = %4 = (x

A

(53)

1 e
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(xi)min and (xi)max'correspond to the restrictions .
on the values of each x, as given by Equs. ey-(7m
and {10a)
.. the elgorithm seeks to £ind:
¢ = minimum possible velue (54)
The excess of displacement 1s combined with the economic criterion
Por several reasons. One 1s the intuitive expectation, that the least
cost design will be one which has minimum excess displacement. However,
this msy not be the case. For example, for designs wheré.there is diffi-
culty in satisfying the stabilitj criterion, Equ. 11, it is conceiveble
that it might be satisfied, at 7 -.» total annusl cost, c, (as defined by
Equ. 51) by incorporating permanent fi#ed ballast rather than by increas-
ing wing tenk width beyond the minimum values specified in Section II-3-b.
By incorporating the excess ballast in the economic criterion, the outcome

of a complete gotimization search should reveal this subtle point.
e B
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IV. Summery of Containership Optimization Procedure

L. The Five Steps_of a Complete Sampling Cycle.

Beveral modifications to the technique of Ref. [ 3] had to be
made in order to edopt it to the containership design problem. VWhile
the general outline of the five basic steps of a complete sampling
cyclel are the same as discussed in Section 2C of Ref. [3] , there
are, nevertheless, some differences. For completeness, these five
steps are restated with the necessary modifications:

1) First Step
In the first step, a decision is made whether or not to update
the transformation, discussed in ii) below, before it 1s used to up-

date the rth component of X where:

A
A

1
— and n = number of components of X.

p 11) Second Step

In the second step the followlng transformation is used for gener-
eting & new value for the rth component of X. This transformation is

the same as Equ. 4 of Ref. [[3] :

%y =%y [y e - O | (55)

where: *
The xi's are the values of Xy found in the previous complete sampl.-

ing cycle (that 1s in the O....k-1 sampling cycles) that ylelded

#*
the lowest value of c, designated ¢ , found so far in the optiml-

l'A complete sampling cycle in the terminoclogy of this report.is a
sampling cycle in which ¢ = £(X, F,D) is successfully computed.
Any sampling cycle may be aborted before c¢ is computed by failure
to satisfy the freeboard, displacement and stabilivy conditions
imposed by Equs. 1Te, 30 and 11. In the terminology of Ref. [31]
guch an aborted cyele is not called a sampling cycle.
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zetion procedure.

¥y =2z - 1 and -1 z ¥y Sy

z is a random number generated by the algorithm auch that:
0 < Z s 1
M is the exponent of the transformation and can have any
positive odd value, 1,3... =
When M = 1, the transformation is purely random, while for values

of M greater then 1, the search intensity is greater in the vicinity of
#
Xy
sampling cycles in any complete optimization procedure, M should be one,

Ref. [3] suggests that for the first 60% of the total number .of

corresponding to a pure random search; Experience with the contailnership

design model shows that the following figures are preferable:

for the first 80% of the sampling 1oopsl M=1
Por the subsequent 10% of the sampling loops M =3
for the subsequent 5% of the sampling loops M=5
and for the last 5% of the sampling loops M =T

These figures can be readily changed by the user in the exicting algorithm.
The selection'of how many xi's to update in the second step (ansver;

one) and what velues to assign to the xi's not updated in each sampling

cycle2 (answer; the values associated with those x,'s in the just pre-

vious sempling cycle) is made as indicated in the discussion of step 2

of Section 2D of Ref. [3] .

111) Third Step

Using the values of each x, as determined in the second step, the

lA sampling loop consists of somewhere between n and 5n sampling cycles,
of which a maximum of n can be complete sampling cycles. (see step iii
of this section).

“Note the difference in the definition of & sampling cycle between this
report and Ref. [3] discussed in the footnote on pg. L6,



optimization criterion, ¢ = £(X, P, D}, is evaluated following the steps

outlined in Section IV-2. In the event that a sampling cycle is aborted in
this step because of failure to satisfy the freeboard, displacement and
stability restrictions imposed by Equs. (17e), (30) and (11), the algor-
1thm returns to step 1i) and genergtes a new value for the X, being
updated in this sampling cycle. It does this up to five times for each

X,.- This completes a sampling loop. Thus, avsampling loop may consist

of up to 5n aborted sampling cycles. On the other hand, ;f in the course
of vpdating each X, 1o sampling cycles are abo;ted, a sampling loop con-
sists of n conplete sanpling cycles.

iv) Fourth Step

The new ¢ obtained in the third step is compared with c%, where
c* is the best output of any of the previous sampling cycles. If the
new ¢ is better than c*, c* takes on the velue of the new c and the
Qalues of the components of X that resulted in c become the new xi's.
If the new ¢ 1s worse than the c* current at the start of the kth
sampling cycle, this substitution is skipped.
v) Fifth Step

The condition for termination of the search is examined. Should
the terminetion condition not be satisfied, the search process will
repest steps 1) through v); but should the reverse happen, the search
will terminate.

The terminating mechanism used in the current algorithm terminates

the search when the total number of sampling loops, L, exceeds"a certain
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predetermined number. In this report, L is taken as 1000.

2, Summary of Calculations Invoived in Evaeluating ¢ = £(X, P,D).

The calculations and the tests for freeboard, displacement and

stebility involved in evaluating ¢ = £(X, P, D), as discussed in step

112) of Szction IV-1l, are performed sequentionally in the following

order:

( the equations used in each calculation are referenced paren-

thetically).

1)
11)
111)
iv)
v)
vi)

Calculate L, LBP, C_. (1, 13a, 10)

Calculate T. (8)

Calculate D. (16)

Calculate available freeboerd, ¥_. (17=)

Celculate required freeboard, F_. (1t,ec,d)
F ZF (17e)

Is 0 = r? 1'fe

Calculate frictional resistance coefficient, C (18)

F’ .
Calculate residuary resistance coefficient, CR (using resistance
subprogram),

Cal.culate bare hull EHP (21)

bh
Caiculate SHP (22)

Calculate W_, W_, W , W, ¥ ,_Wp, W (23-30)

£? "x b’
>
Is W, =072 (30)
Calculate (VOl)db and (Vbl)st (31, 32)
Calculate actual GM, (33-43)
Calculate required GM, (GMr = 0.04B)
- )
Is GM, = @7 (11 , 43a)

Calculate Cost  (4h-51)
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3. Preliminary Steps To Be Carried Out Before Starting a Complete

Optimization Study.

Before using the algorithm of this report to carry out a complete
optimization study for a given sét of owner's requirements, fﬂ the user
mist make certain selectlons, carry out certain calculations by hand and
use the algorithm to carry out certein preliminary steps. This prelimin-
ary work by the user and preliminary steps by the algorithm are discussed
in this section.

&) gelection of Container Distribution.

The first selection that must be made by the user is the con-
tainer distribution, D. If the required number of containers, N, is be-
tween TOO and 1000 and if the containers to be carried are 20' x 8' x 87,
the following preliminary distribution, D, mey be assumed:

Number of leyers below deck (NCCBD) - 6 (see Section II-l-a)

Number of layers above deck - 2 (see Section II-1-d)

Number of cells per row (NCR) - & (see Section II-l-c-vi)

Nwiber of rows per hold - 4 (see Section II~l-c-v)

b) Preliminary Hand Calculations

Following the selection of the container distribution, the
following calculations should be carried out by hand:
1) Compute minimum ship beam B, (see Equ. 15).
11) Compute ship depth, D (see Equ. (16) and Section II-3-c).
1i1) Compute ship length, L, éorresponding to L/D = 14.5 (Equ.
2). This tends to iﬁpose an upper limit, Loay’ O the

value that L can assume.
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iv)

vi)

vii)

viii)

ix)

Compute V/NL for the value of L computed in iii). This
value of V/{L should be used for (x3)min provided it is
larger than 0.50.(see Equ. 4); 4if it is smaller than 0.50,
then L __ should be recomputed using vAL = 0.50.

Compute container block length (see Section II-2-f).
Compute ship length, L, using Equ. (13) and (14) for SHP
value somewhat less than the anticipafed SHP. (e.g. in
this study 20,000 SHP was used for a speed of 25 knots),
Thie ship length will correspond to Lmin'

Compute VL for the value of L computed in vi). This value
of VAL should be used for (x3)max provided its value is
less than 1.2 (see Equ. 4); if it is larger then 1.2, then
L4, Should be recomputed using VAL = 1.2.

Compute the upper and lower limits on the draft, T, using
ship depth, D, as determined in step ii) and approximating
the upper and lower limits on freeboard by using equations

1Tb, ¢,and 4 in association with Loy 88 determined in

either step (1ii) or (iv) and L

as determined in step
min

(vi) or (vii).

Using the value of B determined in step (i) (or as adjusted
in step (x))and the values of T determined in step (viii),
compute the upper and lower values of B/T.

If the upper and lower values of B/T computed in step (ix)

are grossly outside the values given in Equ. (3), the value

of B computed in step (i) should be adjusted by either chang-

ing the assumed wing tank width or the container distribution.
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In the former cese, step (ix) of this section has to be
repeated before continulng, while in the latter case,
step (1) through (x) of this section have to be repeated.

¢) Initial Selections By The User.

The following initial selections should now be made by the user.
1) 'Select a value for (xl)min as suggested at the end of
Section I.
11) Select a value for (xl)max using as a guide, the value of
L computed in IV-3-b-iii or IV-3-b-1iv and the upper value
of Cv given in Equ. 6.
iii) Select an arbitrary value for Xy between the limits deter-
mined in the two preceding steps.

iv) Select a value for (x2) using either the lower limit of

min
Equ. 5 or the lower value of the prismatic coeffilcilent giﬁen
in Table 5 that is associated with the shape coefficient
used.in step IV-3-b-v; whichever is higher.

T) Seléct an arbiltrary value for X5 between the upper limit
given in Equ. 5 and the lower 1limlt determined in the pre-
vious étep.

vi) SelecF an afbitrary value for x3 between the limits deter-
mined in steps iv and fii of Section IV-3-b.
vii) Select an erbitrary valﬁe for X), between the limits stated

in Equ. T.

-52-



d) Preliminary Steps by the Algorithm and User

The follewing steps may now be carried out by the algorithm:

1) Using the values of x, selected in steps (111), (v), (vi)
and (vii) of the previous section, the algorithm attempts
to evaluate the optimization eriterion, ¢ = £(X,P,D),
following the steps outlined in Section IV-2. If this
attempt is successful the algorithm goes to step (iii)
of this section. On the other hand, if the attempt is
-unsuccessful because of failure to satisfy the freeboard,
displacement and stability restrictions imposed by Equs.
(17e), (30) and (11), the algorithm goes to step (ii)
which carxies out what is called the zéro saﬁpling loop.

i) Using Equ. (55)1, the algorithm generates a new value2 for

' X vhere r‘= l,...,n. With this updated value for x, and

with values for the remaining x{s, 1.e. (1,000 =1, v +
1,...,n) equal to those used in the just previous sampling
cycle, the algorithm again ettempts to evaluate the optimi-
zation criterion ¢ = £(X, P, D) following the steps outlined
in Section IV-2. In the event that this attempt is success-
ful, the algorithm goes to step (iii) of this section. Thls
completes the zero sampling loop. On the other hand, if the
attempt 1s unsuccessful, the algorithm repeats this step, up-

dating each x (r =1,..0,n) in turn up to 5 times. If this

' ¥*
lAt this point in the optimization procedure, no values for the x,'s of Equ.
55. have been generated. Therefore, the values of the x;'s selec%e% by the
user in Section IV-3-c are used in Equ. 55 in lieu of values for X,

-2The £irst time this step is executed, r = 1.
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step is executed 5n times and no set of xi's is found thet
sétisfies the freeboard, displacement and stebility restric-
tions imposed by Equs. (17e), (30) and (11), the algorithm
prints an error messagé and goes to step (iv) of this sec-
tion. At this point, the zero sampling loop is also completedl
even though no successful design has been generated.

i1i) The set of xi's %hat regults in the first complete sampling
cycle is designated e&s xi and the value of ¢ calculated in
this sempling cycle is designated as c*. The algorithm then
executes steps (1) throuéh (v) of Section IV-1 with L = 20.
These 20 additional‘sampling loops serve to give information
that will elther validate ﬁhe gelections made in Sections IV~
3-a, and IV-3-c or suggest how these selections should be changed.
The user should now procede to step (v) of this section.

iv) At this point, no x:'s or c* have been generated. To permit
the algprithm to proceed to sampling loops subsequent to
the zero sempling loop, the values'of the xi‘s selected by the
user in Section IV-3-c are agaln used in Equ. 55 in lleu of
values for x:, and c* is arbitrhiily s&b equal to a very
large value; the algorithﬁ then executes steps (i) through
(v) of Section IV-1 with L = 20. Although the llkelihood is
small, it is possible that these 20 additional loops will
give informetion that will help validate the selections made

in Sections IV-3-a and IV-3-c or suggest that these selections

;ﬁote that in the zero sampling loop, somewhere between 1 and 5n sampling
cycles are executed, of which only one can be a complete sampling cycle,
whereae in sampling loops subsequent to the zeroth one, between n and 5n
sampling cycles are executed of which up to n can be complete sampling
cycles. :



should be changed. If 1n these 20 additional sampling
loops, no set of xi's is found that satisfies the free-
board, displacement and stabillity restrictions imposed
by Equs. (17e), (30) end (11}, the algorithm prints an
error message and terminates the search. Fallure to
satisfy the restrictions of Equs. (1Te), (30), and (11)
at this point in the optimization procedure signifiles
elther insufficilent beam, insufficient depth in relation
to ship length, or insufficient displacement. The user
at this point, must therefore elther:
| 1. Increase beam, either by increasing the wing
tank width or by increasing the number of cells
ﬁer row. The latter step has the effect of re-
ducing the required‘container block length and
hence the ship length, if the number of contain-
ers per cell and per coluﬁn is not chenged. Re-
ducing ship length also has the faworable effect
of reducing the required freeboard (BEqus. 17H,c
and d). Thus, increasing beam by increasing the
number of cells per row will improve the chances
of a design satisfying the restrictions of both
Eaqu. 11 and 1Te.
2. Increase depth by increasing fhe number of con-

tainer iayers below deck and reducing the number
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of container layers ebove deck. This increases avall-

able freeboard with practically no effect on stability.
3. Increase the value for (xl)min' It may be that the

restriction imposed By Equ. 30 is aborting the sampl-

ing cycles. If this is the case, increasing the value

of (xl)ﬁin will help satisfy this restriction.

Following these changes, the user should repeat the steps

outlined in Section IV-3-b, ¢ and d. This process should

be repeated until the algorithm successfully calculated,

at least, one value of c.

v) From the information gained from either step (111) or (iv), the
\user should now be able to select values for the ranges of the
indeperdent variables, which will assure satisfaction of the
restrictions imposed by Equs. (1Te), (30) and (11).Using as
values for the initiel set of xi's, the xi's 6btained from the
last complete sampling cycle of the 21 preiiminary sampling
1°°P81, the algorithm executes steps (i) through (v) of Section

4

TV-1 until the termination mechanism described in Section IV-1-

v is s@tisfied.

3

lIf, in ‘this step, the user does not select a set of values of x,'s for the
initial values of x,, the algorithm may again execute the zerotﬁ loop, step
(11) of this sectio%. Using a known good set of xi's avoids this possibility.
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V. ggg}ications and Results

Example results obtained from using the algorithm of this report are
given in this section. For the fixed sel of owner's requirements and the
other fixed input data given in Tabie 8, the algorithm was used to determine
the effect on the characteristics of opbimized containership designs of
changes in wing tank width, shape coefficiént and distribution of containers
above and below deck. The example results are shown in Table 9. Obviously
changes in many other parameters could have been studied, but in the time
avallable only the results shown in Table 9 were ob{;ained°

Teble 9 shows the expected result that increased wing tank increases
stability and increases ship cost. Unfortunately, the winé tank width was
not reduced sufficiently to create stability critical designs (GMa = 0.0b).
Hence, the subtle efféct of increased beam versus increaéed ballast weight
discussed in Section III is not demonstrated in Table 9.

The slightly increased ship cost associated with the increased shepe
coefficient shown in Table 9 is brought about by the necessity for Bpgcify-
ing & higher minimum value for Cp, (xe)min; in the algorithm, in: accordance
with steps IV-3-c-iv. The higher CP value increases power requirements
which increases machinery cost.

Teble 9 shows that for the two cases examined, it is preferable to stow
more containers below deck and fewer above deck from the point of view of
the optimlzation criterion used in this report,c. Whether this is true generdlly,
remains a questlon for future study.

The veiy lov walues of Cm for the ships with six conteiner layers below

deck and one above 1s of interest. This apparently arises from the beneficial



effect on power of reducing the B/T_ratio (decreasing Cm permits an increase
in draft). TFor the ships with five container layers below deck and two
above, the maximum draft is severely restricted by freeboard conslderations,
hence the ormimum Cm value is much higher. It 1s possible that if the

data of Table 7 were augmented to include the effect of Cm on wetted surface,
that the tendency towards very low optimum Cm values,vhere there is no re-

striction on draft,would be partially mitigated.
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\
Owner's Specifications: ‘

Service speed, (V) 25 knots -
Range, (E) 3000 miles

Total number of containers, (N) 800

Maxdmun load of each container when fully losded, (WEC) 15.00 tons
Container length, (CL) 20.00 feet
Container width, (CW) 8.00 feet
Container height, {(CH) 8.00 feet

Container Distribution:

Number of rows per hold 4.0
Nurber of containers per column T.0
Numbier of cells per row : 8.0

Farameters Conbroiling the Lxponentisl Search:

N Percentage of Luops where M =1, (l/L)l 0,80
Percentage of loops where M = 3, (1/L), 0.10
Percentage of loops where M = 5,7 (l/L)3 L 0.05

J

Total number of sampling loops, (L) 1000
Auxiliary Input Data: »
KB/T 0.5k
KGEsteel)/D 0.61
kG (outfit, stores)/D 1.00
gﬁp/ng o.9ﬁ6

0.040
sHP/EHP 1.720
Fuel Cost 13.90 dollars/ton
Ship use factor, K, 5750 '

Longitudinal Clearance per Hold:

1 row per hold 5.0 feet

2 rows per hold T.5 feet

3 rows per hold 10.0 feet
4 rows per hold 12.5 feet
Transverse Clearances:

Between Contalners 9.0 inches
Flange width on longitudinals 1.0 foot
Vertical Clearances:

Doubler thickness 1.0 inch
Hatch coaming height 36.0 inches
Tolerances l,0 inches
Camber 3,0 inches
Double bottom height 54,0 inches
Hatch cover thickness 52 container layers on deck) 6.0 inches
Hatch cover thickness {1 container layer on deck) 4,0 inches



TABLE 9

Effect of Varying Wing Tank Width, Container Distribution

And Shape Coefficient cn Optimum Containership Designs.

Container Distribution

No. layers below deck 6 6 6 5 5 6
No. layers above deck| . 1 1 1 2 2 1
No. rows per hold L L L L N b
No. cells per row 8 8 8 8 8 8
Wing Tenk Width, ft. 18 19 20 20 20 20
Shape Coefficient 0.87 0.87 0.87 0.87 0.90 0.90
4, tons 23,570 23,827 23,970 23,770 23,550 23,900
% cp 0.519 0.522 0.519 0.534 0.5k . 5h1
VAL - 1.053 1.051 1.045 1.043 1.053 1.051
c 0.829 0.818 0.813 0.985 0.972 0.802
_ 1BP éopt.g £t. 556 558 565 567 556 558
LBP {min.) ft. 541 541 541 541 517 515
B Tt. 890 900 91.0 91.0 91.0 91.0
D ft. 50.0 50.0 50.0 k2,0 k2,0 50.0
T f£%. 38.4 38.9 38.7 30.7 30.9 38.0
LBP/D 11.1 11.2 11.3 13.5 13.2 11.2 .
B/T 2.30 2.32 2.35 2.96 2.95  2.39
SHP 37,190 37,350 37,130 39,700 ko,6k0 39,050
WB tons 5:962 5,832 5:767 5,588 5,461 5,880
W_ tons 3,272 3,143 3,061 3,279 3,179 3,197
W tons 1,31k 1,316 1,313 1,357 1,373 1,346
W, tons 1,121 1,126 1,120 1,195 1,223 1,176
W._ tons 300 300 300 300 300 300
W tons 12,000 12,000 12,000 12,000 12,000 12,000
Wy tons 2 110 9 49 18 2
F_ inches 132 130 132 132 130 1ko
F© - F_ inches 12,5 +0.9 +0.6 +0.2 +1.6 +10.8
caaﬁ/n 0.056 0.065 0.067 0.060 0.067 0.078
| ¢ in 106$/yr. - 1.938 1.966 1.979 2,047 2,048

2.0LT
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YT. Conclusions and Recommendations

The new technique for optimizing multi-dimensional functions, develop-
ed in Refs. [;}LEL[3K[111 and[12]1 . has been successfully applied in this
report to the containership preliminary design problem.

The nature of the empirical equations given in Section II-5 strongly
suggests that a more refined mathematical model should be developed so that
required changes in structural scantlings may be reflected in the ship weight
and cost equations.

The technique used in this study as well as in Ref. [3] , [81 , {111 and

[12Jfor the celculation of the residusl resistance coefficient can be improved.
A more elegant proceduve, for example, would be to employ a regression equa-
tion when calculating the residusl resistance coefficient. Such a regression
equatlion would serve to alleviate somewhat, the restrictions on the values

that some of the independent varisbles can assume as glven in Equs. (3) to (6).

Future devéprment of the research described in this report will in-
clude consideration of ship beam as a random variable thus increasing the
number of random variables to five. “In tresating beam as a random variable,
its values will be severely restricted to those appropriate to the selected
container‘distribution;

Finally, the methods developed in this study for solving the problem
of discrete ship dimensions can be readily adopted to the problem of dis-
crete power-plant sizes. This adoption will be the subject of future work

by the author.
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APPENDIX T

The Fortran listing of the main program, subroutines and

functions used in this study are included in this Appendix.

The library functions used are the LOG and SQRT and thier

1istings are not included.
Below, the general flow chart for the algorithm is shown

‘dlagramatically.

GENERAL: FLOW CHART
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C

-C

STEAM TURBINESe CONTAINER SHILP

COMMON TIME sMsMAsMBMCsNs XAMIN s XMAX sCR s

1VIRASWECSCNT oCNVICNAsCNLPHOCNVECLEY Cisiko CHE sLEM»
2CLEAR19CLEAR29CLEAR3 s CLEAR4 s CBCFW ol T s DT s HHC» TOL » CAMBER s HATC

AFKeFK19FK29FK39FK49sFKB9FKBIFKIIFK109FK12

20

21
10

113

111

814
159

151
152

160

114

115

DIMENSION TIME(4) s XMIN(4) s XMAX(4)9CR(6210)
DIMENSION XBI(4)sXbJ(4) s XBL(4)sCRRE6210)
INITIALIZES RANDUM NUMBER GENEKRATOR
YYY=RAND(=150)

READ TAYLOR'S RESILUAL RESISTANCE LutFFILILNfb
"READ 20 s (CRR(I)s I[=196210)

FORMAT (21X96F76e3)

MM=1

NN=1035

DO 21 J=146

tL=1

PO 1 T=MMsNN

IK=J+{LL=1) %6

CR(I)=CRR(IK)

LL=bLL+1

MM=1035+MM

MN=1035+NN

CCNTINUE

CONTINUE

CALL INPUT(XBI)

ESTIMATE NUMBER OF CONTAINtRb PER IDEAL ROW
CNPR=CNA*CNV :

FSTIMATE WUMBER OF ROWS REQUIRED
ROWSN=1. '

CNRI=ROWSN*CNPR

CNRA=CNRI*FK

NCRA=CNRA

NCT=CNT

IF({NCRA= NCT)lllsle»d‘@

ROWSN=ROWSN+1e

"GO TO 113

DETERMINFE BLOCK LENGTH
TF(CNLPH=36)15921609161

HOLNDSN=ROWSN/ 2,

NHOLDS=HOLDSN

HOLDN=NHOLDS :

IF (HOLDSN-HOLDN)40181519152

BLOCKL= HOLDN*(Z.‘CLE+CLEAR2)

GO TO 118 B

BLOCKL= HOLDN*(2.“CLt+CLtAR2)+CLt+CLLAh1
GO TO 118

HOLDSN=ROWSN/3

NHOLDS=HOLDSN

HOLDN=NHOLDS

IF (HOLDSN=HOLDN)401 s 1145115

BLOCKL= HOLDN*(B.*CLE+CLEAR3)

GO TO 118

IF ( {HOLDSN=HOLDN)=0 .5)1169401.]17
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116
117

161

153

BLOCKL=HOLDN*(3e%¥CLE+CLEAR3)+CLE+CLEAR]

GO TO 118

BLOCKL= HOLDN*(3.*CLt+CLtAR3)+2o*CLE+CLtAR2
GO TO .118

HOLDSN=ROWSN/4 e

NHOLDS=HOLDSN

HOLDN=NHOLDS

IF (HOLDSN~HOLDN)40151538154
BLOCKL=HOLDN* (4o *CLE+CLEARG )

- GO TO 118

154
155

156
157

158

118

800

801
999

191

192
193

TF( (HOLDSN=HOLON)=0e25)40191555156
BLOCKL=HOLDN*( 3o*CLE+CLEARS4)+CLE+CLEAR]
GO TO 118

I'F( (HOLDSN~ HOLDN)—Oo50)40191579198
BLOCKL=HOLDN#* (4 ¢#CLE+CLEARG) +2o #ZLE+CLEARY
GO TO 118
BLOCKL=HOLDN#*{4e#*CLE+CLEARL)+3e#CLE+CLEARS
CONTINUE

VAN WIDTH

VANW=CNA*CBR

REQUIRED CLEARANCE FOR CELLS
CLEAR=(CNA#CBC) /12

REQUIRED CLEARANCE FOR FLANGES
EOT=CNA/2,

LEOT=EQT

ENTL=LEOQT

IF(EOT=- EOTL)401,~00,801

EVOD=Ce "

GO TO S99

EVOD=160

FLANGE= ((EVOD+140) *FW)

BLOCK WIDTH
BLOCKW=VANW+CLEAR+FLANGE

BEAM

B=BLOCKAN+WTW

MOMENT CONSIDERATION
CNLOST=CNRI=~CNT

NCLOST=CNLOST

NLOST1=NCLOST/4

NLOST2=NCLOST/4

NLOST3=NCLOST/5
N123=NLOST1+NLOST2+NLOST3
NREM=NCLOST=N123

NCV=CNV

NREMV=NCV=3

NPLAY=NREM/NREMV

NREMA=NPLAY*NREMV .

IF (NREM=NREMA)40191919192
NLOST4=NPLAY

GO TO 193

NLOST4=NPLAY+NEM=NREMA

CONTINUE

CLOST1=NLOST1

CLOST2=NLOST?2



75

1020
300
301
302

303
304
3C5
306
307
308

14
72
56

55

1030
77
78

309

310

311
68

CLOST3=\LO0ST?3

CLOST4=NLOST4

PLAYER=NPLAY

CPLYR=CNA#ROWSN

CONT1=CPLYR=CLOST]

CONT2=CPLYR=CLOST?

CONT3=(CPLYR=CLOST3

CONT4=CPLYR=CLUST4

CONT=CPLYR=PLAYER .

CALL DESIGNIXBI(L)sXBI(2) sABEI(5)sABL (4]
1FLsFLBPoaBoHsDsBHoFLLsCVoCsReQUISIATT :
ZFAYFARSDELFASPTRSDELPTE sBiMoFKBoaFKMoFKGsGiMaGME s GMIBIR s DELGME 9
3WMA s WO s WS s WM s WF sRPLOADSDELDIS 9 CONTLsCONT2 s CONT59CONT 49 CONT 9
4CS» CFbsCFoAChINlstP9RUvuN9NCRA9bLUCLLaHtULbHoFLuPh)

CVV=CV#1000.

IF(CYV=1e) 742102051020

IF(CVV=64)30Us300s74

[F(FLBPR=FLBP)301s301 974

IF(BH=2625) 7493029302

IF(BH=3075)3039302574

IF(FLU=10:0)74550649504

IF(FLD=1445)3059305974

IF{DELFA) 3069396974

IF(REQLBP=FLBFI3079207s74

IF(DELDIS) 7493089308

IF(DELGMB) 29929974 _ A

MODIEY INI*'AL DISsCPsV/SurT L) sTAMID

L=4 = :

DO 76 I=1sL

ISTAB=0

XBJ(I)-XBI(I)+(XMAA(1)—/qu(1))f(tz.UKNANu(O.U)—l.U)ﬂ*m)

DO 55 LL=1lsL .

IF(XBJ(LL))55856555

XBJ(LL)=XBI(LL)

CONTINUE :

FL=(V/XRJ(3))%%*2

CV=(XBJ(1)#35¢) /FL*%3
CVV=(XBJ(1)#35e%10004.) /FLi%3

[F(CVV=16)7251030s1030

TF(CVV=5%e) 77977572 :

IE(XBJ(I)=XMIN(I))72978978

IF(XMAX(I)=XBJ(L}) 72930993509

FLBPR={BLOCKL+80e)/0 91

FLBP=FL#FK9

IF(FLBPR=FLBP 13105310972

-(XBJ(1)*35.)/(FLBP*B*XBJ(A)*de(Z))

RH=B/H .

IF(BH=26251)72s 311,311

IF(BH=3¢75)683568972

CALL DESIGN(XBJ(l)vaJ(Z)9XBJ(3)9XBJ(4)’
1FLsFLBPsBsH9DsBHsFLDs CVsCBIREQDISsACT s

 2FASFARSDELFAsPTRIDELPTBsBMsFKB s FKMsFKG3GM s GMB s GMBK s DELGMB

3AWMAs WO WS sWMes WF s RPLOADsDELD IS s CONT1oCONT29CONT39CONT4 9 CONT »

- 4CS9sCFSeCFsACRINT s SHP s ROWSNaNCRKA9BLOCKL s REWLBP s FLBPK)

o ‘ . . ) N._).'__



i

L/

C

C

312
313
314
315
316

49

37

76

400

82

717

29

1015

30

31

32

[FIFLD=10e)495312312
IFIFLD=1465)3139313949
IF(DELFA) 3149314949
IF(REQLBP=FLBP)3159¢315949
IF(DELDIS)4953160316
IF(DEL 3MB) 3753746
I1STAR=ISTAB+1
IF(ISTAR=5)72976°76
1STAR=0

GO TH R’?

CONTIMUE

ISTAR=0

PRINT 400

FORMAT (38HLINITIAL PARAHE1LR CHUILt‘PcUh. MCDITFY)
AFXI=500000060

GO TO 1015

DO 71 I=19L |
XBI(I)=XBJ(I) i
EVALUATION OF CRITERION
DiSDEL=DELDIS/ 100060
AFXTI=NDFLPTR ’
INDFX==1

NCYCLF=0

CALL GUTPUTI(XBI(1)9XBI(2)9XBI(3)sXBI(4)y

1FLsFLBFoBsDsmsCBINCYCLE s CVaFLU sBHsCMNT o MMCRASROWSN g
2FKls5HP9ALf¢ALRIHT9LF9La9waan09NMiwr9NPIUAU9th9hhuDLo9ULLUAoa

3FAR,FA¢DELFA9FKD9FKH9rKG90uabeh99TbolNutA)

- NJMBER OF SAMPLING

AN=N g ' '

NUMBER OF SAMHLINGS WITH EXPOUNENT M EWUAL TU 1839587 RESPECIIV
IA=TIME(1)#*AN '

IIB=TIME(2)#AN

I1C=TIME(3)*AN

ITD=N=TIA=1IB=-TIC

- COUNTER DFTERMINING THE VALUE OF FXPONFNT M

KK==2

"COUNTER OF CYCLES WITH M=1 935527

JJ=11A

COUNTER FUR CONSECUTIVE IMHRUVtthfb
1JI=-1

COUNTER OF NUMBER UF CHANGtS OF EACH'PAHAMthH (N ANY LOUP
TSTAB=0

DO 2 J=1sN

NCYCLE=J"

IF (J=JJ)93493330

KK=KK+1
TF(KK)31932373

JJ=TIB+ITIA

M=MA

GO TO 93
JI=TIC+1IB+IIA
M=MB

GO TO 93



13 JJ=1ID+T1C+TIB+11A
M=MC
93 CONTINUE
L=4 -
DO 5 1=1,L
ISTAB=0
3 XBL(I)‘be(I)+(XMAx(1)-XHIN(l)) A 20 0% KAND(UoU) =160 ) %m)
DO 52 LL=1sL
TF(XBLILL))B5295] 957
51 YSLILL)Y=XBI(LL)
52 CONTINUE
FLL=(V/XBL(3))#%2
CV=(XBL(1)#35e) /FL*%3 *
CVV=(XBL(1)#356%1000, ) /FL%%3
IF{CVV=14)352000207%0
. 2000 IF (CVV=-6e0) 17+17,3
17 TF(XBLT)=XMIN(I))39797
7 IF(XMAX(1)=XBL(1))39500+500
500 FLBP=FL*FK9 '
IF(FLBPR=FLBP15019501 3 '
_ 501 H=(XBL(1)%¥235.)/(FLRBP#R¥XBLI4)*XBL(72))
%‘\« : RH=R/H
' TF(RH=2, ?512~%0?,a07
502 IF(BH=3075)6%693 ,
6 CALL DESIGN(XBLI1)sXBL(Z)sXBL(3)sXBL(&4) >
1FLsFLBPsBsHsDeBHsFLDsCVsCBIREUDISSACT s

——— 2FASFARSIDELFASPTosDELF Iosibiris " KBsFRMaFKGoONM s GMB s GMBR s Uk L GMLS »
o IWMASWO I WS s WMaWF s RPLUOADSDELD IS s CONT Lo CONT 2 s CUNT3sCUNT G CUNT s
/f' i 4CSICFSICFsACRINT s SHP s ROWSNoNCRAsBLOCKL yREWLBPsFIL.BPR)

IF(FLD=10e)39+5034503
503 IF(FLD=14¢5)504+504939
504 IF(DELFA)505)505¢39
505 IF(RFEQILLBP-FLBP)5069506939
506 TF(DELDIS)3995079507
50% IF(DELGMR)I27927939
39 [STAB=ISTAB+1
T IF(ISTAR=5)39545
27 ISTAB=0
DISDEL=DELDIS/1000a0
AFXL=DELPTB
IF(AFXL=AFXI) 49595
4 TJI=TJI%1
XBI(I)=XBL(I)
AFXT=AFXL
AA=XBL(1Y)
RB=XRBL(2)
CC=XBL(3)
DD=XBL(4)
TNDEX=0"
" CALL OUTPUT(XEL(L1)YsXBL(2)sXBL(3)sXBL(4))
lFLaFLBpsB’DstCBsNCYCLL9 CV&FLDsstCNT9NCRA9ROWoNs
ZFKl’SHP9ACT9ACHINT’LF9C09WbaW09WM9Wr’RP‘UAUaWMAshLuDISQULLULoo
S5FARSFASDELFAFKBsFKMs FKGsGiiaGMBRPTBe INDEX)
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401

CONTINUE

CONTINUE ‘

IF(TJINBCDsH6019501

PRINT 100G

FORMAT(25H1RANGE CHOICE POORMODIFY)

GO 70 401

CONTINUE

CALL DESIGN(AAsBBsCCeDDs .
lFLaFLbP9b9H90abH9FLU9LVoLuvRLUuib9ALT9
ZFAvFARoDELFA9PTuouuLPTbst9FK5vFKM,r&090m90mu9UMUH9UCL6Nb9
3WﬂA9WU9W59WM9wFaKPLUAU9UtLu15’LQNTl9CUNrZ,LUN1JQQUNiQsLUhl9
4C59CFSaCF9ACRINT95HP9RUW5N9NCRA95LULKL9NEuLmF;FLbFH)

INDEX=1

CALL OUTPUT(AAsBBsCCesDD>

1FLsFLBPsBsMeHs CReNCYCLF s CVoFLD»BHoCNT sNCRASROWSN ,
ZFKISSHPQACTiACHINTQCFSCSQWD,WU)HM’WFQHPLUAD9WHA9HEJDIS9UELUl$9
3FAR9FAsDELFA’FKBoFKMbFKGaGM;GMBR,PfBoINDEX)

CONTINUE

~O TO 10

END
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SUBROUTINME INPUT(XBI)
DIMENSIOM TIME(4)9)(MIN(4) s AMAX (4) 9CR(6"10)
DIMENSION XBI(4) .
COMMON TIMEsMosMAIMBIMCoNs XMIN s KMAXaCR»

1VIRASWEC s CNT o CNV s CNAsCNLPHICNVBCLEsCBF s CHE s DEH

2CLEAR19CLEAR29CLEAR3&CLEAR49CBC$FW9WTW9DT,HHCsTUL9CAMBEH9HAfCHf

AFK9FK19FK29FK39FK4sFKS59FKB9FK9sFK109FK1?2

K=7?
L=4
WRITE QUTPUT TAPE Ksl
1 FORMAT(&46HLIINFUT PARAMETERS FOKR SHI1F
WRITE OUTPUT TAPE K920

20 FORMAT(46H PARAMETERS CUNTROLLING
READINPUT TAPE Lsg8sllinctl)sTIMme(2)sTiMe(s) s lMElL)
FORMAT(1H o8XsFLazslUAsFbelslUXsFLo 2910XsF4e2)
WRITE OUTPUT TAFE Kel8sllme(l)ellmelz)sTlb(s) st lide(4)
18 FORMAT(9H TIMEs 1) =sFGe2s 2AhsHTIME(2)=0F Lol Xy

18HTIME(3)=9F4e292X98HTIME(4)=9F402)

READ INPUT TAPE Ls3siMatAsirBemMCoiN
3 FORMAT(1H 92X91235Xs1295X91295X312922XK514)

WRITE QUTPUT TAPE w~o29lMsMAsMBsmCaiN
2 FORMATI(3H M=sI2 92X s 2HMAZ Y2 K95 MB=91292K95HMTC=91c

12X 20HNUMBER OF SAMPLINGS=914)

WRITE OUTPUT TAPE K4
4 FORMAT(15H DISPLACEMENTY 929H  mlnlMUn AR Lidum

READ INPUT TAPE LeSsXMIN(L) s KMAA(L)sXBI(L)

ESTGN URFTIMIZAlTUN//)
TrHE cXPuncnt ial stARCH)

48

INITLAL)

5 FORMAT(1H 914XsF3e192X5FBels2XsFtel)
WRITE OUTPUT TAPE KebsAMlin(L) s XeiAX(L1)sApl (1)
“WRITE OQUTPUT TAPE K6
6 FORMAT(15H CP : s s29H WMINILWvUa A AT MU 1IN TiIAL)
READ SINPUT TAPE o7 o XMIN(2) e XMAX(2) 9 Xe1(2)
WRITE OUTPUT TAPE Ko7 s XMINIE2) s AMAX(2) s XB1(2)
7 FORMAT(1H »14XsF8e592X2F8a 5’2X9F8o ).
WRITE QUTPUT TAFE K»8
8 FORMAT(15H V/5QRT (L) o 9 29H mMINIMUM MAX TMUM INIFTTAL)
READ INPUT TAPE LoTeXMIN(3) s AMAX(3)9X31(3)
WRITE OUTPUT TAPE Ko7 oAmIiN(3) s AMAX(3 )9 X 31 (3)
- WRITE OUTPUT TAPE K99
9 FCRMAT(15H CX s 929H M LN LU MAX LU INITILAL)
READ INPUT [APE LoT7eXMINC4) s xiAX(4) 9 XBT (4)
WRITE QUTPUT TAPE Ko7 e XMIN(4) o XHAX (4) 9 XB1 (4)
WRITF OUTPUT TAPE K910
10 FORMAT (P2H OWNERS SPECIFICATIONS)
READ INPUT TAPE Les&4lsVIRA
41 FORMAT(1H s14X9F5el918XsF8el)

WRITE OUTPUT TAPE KellsVeRA
11 FORMAT(15H SERVICE SPEED=9F50292Xs6HKNCTS s s
14X s 6HRANGE=9F86192X95HMILES)
READ =~ INPUT TAPE Ls51sCNTHsWEC
51 FORMAT(1H s27X9F6e1930XsF562)
WRITE OUTPUT TAPE Ko 219CNTIWEC ' ' '
21 FORMAT(28H TOTAL NUMBER OF CONTAINERS=3sF6oe 1s1Hs o
14X 25HWEIGHT OF EACH CONTAINER=9F5e2s4HTONS)
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WRITE OUTPUT TAPE Ks22

22 FORMAT(21H CONTAINER DIMENSIONS)
READ INPUT TAPE Len3sCLEsCBRCIHE

53 FORMAT(IH 97X9F5o2913X9Fho2’14X9F402)
WRITE OUTPUT TAPE K923sCLEICI3RCHE

23 FORMAT{(8H LENGTH=9F5s 293HFT o
14X’6HWIDTH=1F4o293HFTa94X9(HHEIGH[=,F4029ZHFT)
WRITE QUTPUT TAPE Relé4

24 FORMAT(23m CunlAlNEK DIstkioUiluin)
READ INPUT TAPE LsH5sCiNLPH

55 FORMAT(1H s24AK9F2el)
WRITE OUTPUT TAPE Ks25sCNLPH :

2¢ FORMAT (45H NUMBER UF CONTAINERK ROWS FPeR HOLD 2% v w=9r el
READ INPUT TAPE Ls56sCNV

56 FORMAT(1H 332X9F301)
WRITF OQUTPUT TAPE Ke269sCNV

26 FORMAT(33H NUMBER OF CONTAINERS PER COLJMN=s9F3uv1l)
READ INPUT TAPE Ls579CNVE ’

57 FORMAT(1H 943XsF3e1l)
WRITE 2UTPUT TAPC Ke27s(CNVH

27 FORMAT (44H NUMBEN OF CUNTAINERS PR CuLUmin BELOW DECK=9F35al)

- READ INPUT TAPLE L#589CNA :

58 FORMAT(1H 92Y%XsfF3el)
WRITE QUTPUT TAPL Ks289CnNA .

28 FORMAT (30H RUMBEK OF CUNTALINER. CELLS PER-ROW. =, F3.1)

~ WRITE OUTPUT TAPE Kel2

12 FORMAT{?1H AUXILTARY INPUT:DATA)

' READ INPUT TAFE Le&439sFK29FK3sFK4sFKB

43 FORMAT(1H §5X’F402’14X9F4o2515X9F4o2915X9F402)
WRITE OUTPUT TAPE Ke133FK29FK39sFK4&FKE"

13 FORMAT(6H‘KB/H=9F4o292X’12HKG(5TEEL)/Di9F4.2,2X9
113HKG(OUTFIT)/D=9F4.292X,13HKG(bTORE5)/D=9F4.2)
READ INFUT TAPE LoGlsFKGsFK1ZaFKLaFKD

Lt FORMAATL1H eSXOF“’)AQfTXaF'DoB’lUX’Fbob"l‘QK,FSoZ)

WRITE OUTPUT TAPE KslasFKYsFK1ZoFKLsFRD
14'FORMAT(9H‘LBP/LWL=’F5o392vaHGM/B=,FBaj92Xa
18HSHP/EHP=3F5s 392X 1 /HFUEL COST IN % =9F5e2)
READ INPUT TAPE L945sFK10sFK
45 FORMAT(1H s16XsF78%539XsF5e3)
WRITE OUTPUT TAPE Ks159FK10sFK
15 FORMAT(17H SHIP USE FACTOR=sF7s151Xs :
138HACTUAL 'TO IDEAL CONTAINER SPACE RATIDJ=39F503)
CWRITE OQUTPUT TAPE Kelb6
16 FORMAT(24H LONGITUDINAL CLEARANCES)
READ  INPUT TAPE ‘Le4 79CLCARLsCLEARZ
47 FORMAT(1H $26X3F5e2932X9F5e2) ‘ .
WRITE-OUTPUT TAPE Ksl7sCLEARLsCLEARZ :
17 FORMAT(27H 1 ‘CONTAINER ROW PER HOLLU=9F5e294H Fleo2Xs
126H2 CONTAINER ROWS PER HOLD=sF5e224H Fle)
READ ~INPUT TAPE Ls47sCLEAR3sCLEARA
WRITE-OUTPUT TAPE K919 CLEAR3»CLEARS:
1S FORMAT (27H 3 CONTAINER ROWS PER HOLD=9F5e2 24 FToe9s2Xs
126H4 CONTAINER ROWS PER HOLD=9F5e294H FTa)
WRITE OUTPUT TAPE k930 -
30 FORMAT(22H TRANSVERSE CLEARANCES)
- READ  INPUT TAPE Ls61sCBCyFWoWTW
61;FORMAT(1H"19X,F4.lalSXaF4.2’21X,F5.2)

Ol b T v




31 FORMATIE20H BETWECZN CONTAINERS=9F4el94H [Nes lXsl3HFLANGE WIOTH=»
1F4e2s4H FleslXs16HWING TANK WIDIH=9F%aze4H FTe)
WRITE OUTPUT TAPE K»32
32 FORMAT(20H VERTICAL CLEARANCES)
READ INPUT TAPE Ls63sDTsHHCs TUL
63 FORMAT(1H 98X3F5e3920X3F502916X9F562)
WRITE OUTPUT TAPE K933sDTsHHRCs TOL B ,
33 FORMAT(9H DOUBLER=9F5e394H [Nes2Xs 14HHATCH COAMING=9F50294H INe
172Xs10HTOLERANCE=3F54294H I[N )
READ  INPUT TAPE Ls64sAMBERIHAT CHiHs DeH
64 FORMAT(1H 98X35F562320X9F5e2312X35F502)
WRITE OQUTRPUT TAPE Ks34sCAMBER HAT CHHs Dok -
34 FORMAT(OH CAMBER =9F5e2s4H INes2X9l4HHATCH COVER =sF50294H INe
1510HDB HFIGHT=5F5%294H INas/1H1)
RETURN
END

-10-
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20

10

FUMCTIAN PANMDIX)
IF (X) 1020929
RN = RHO # RAND
RN1 = MODF (RNsBN)
RAND = RN1 / 8N

RETURN

FHO = 760 %% 13
RN = 104 %% 1Co
RAND = =X

O TO 20

FND
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32

85

33

SURRQUTIME DESIGNINISsCPsVi sCXAP s k.
IFL9FLBP?89H9D’BHoFLUsCVsCBDREQDIS»ACTp‘ g ‘ﬁ‘@
2FASFARSDELFASPTBIDELP TBoBI o FKB o FKIMaFKGs 39 G » GIfiBR s UE LGB 9 E
IWMASWOSWS s WM s WF s KRPLOAD sDELD IS s CONT Lo CONTZ29CONT 59 CONT 49 CONI 9 |
4CSICFSOICFSACRINT 9 SHP s ROWSN s NCRASBLUCKL sREWLBP sFLBIR)

COMMON TIMEoMeMAaMBeMCoNoXilNo AMAX oCR 9
1VoRASWEC sCNT s CNVsCNA-CNLPHICHNVBsCLEsCllks CHE s 4
2CLLAR19CLcAHd’CLtARJ;LLtARQsLbusrw9nIw,ul9HNL910L,LAMULN;HA4LHH9i
3FKs FK1sFKZoFK3oFKG49FK3sFKBIFKIsFKLOsFKL2 -
DIMENSION TIME(&4)sXMIN(4)sXMAX(4)sCR(6210)

. COMPUTE LeWel_e9slLoBePosCV

FL=(V/VL)*%2

FLBP=FL*FKQ :
CV=(DIS#35, ) /FL#%13 ‘ 1
CVV=CV#1000. " P
IF(CVV=1.)1351005100

IF (CVVe=ga) 292913 B
ROUGH CHECK FOR LENGTH i
FLBPRA=BLOCKL+80.
FLBPR=FLBPRA/0.91
IF(FLBPR~FLBP)555513 :
DRAFT ‘ R
H-(DIS*35e)/(FL*FKQ*B*CXAP*CP) o
CHECK |F BEAM RArlo IS INSIDE REQUIREL RANGE |
RH=R/H’ o ‘ 4
IF(RH=2425)13932+32
TF(BH-3675)33533213

CENTER GIRDER DEPTH
DBHFT=DBH/12.0

CENTER STRAKE THICKNESS

CST=06e52+ (FL¥FKY=440e)/1250e+00obl3 .
HEIGHT OF CONTAINER COLUMI IN THE HOLL o
HC2CNVB#CHE*12 B
DEPTH | "
D=(DBH+CST+DT+HC=HHC+TOL=CAMBER) /12

CHECK IF LENGTH DEPTH RATIO IS I[NSIDE RANGE

- FLD=FL#FK9/D

34

35

86

87

90

89

12

TF(FLD=10s)13934934
IF(FLD=1465)35935913 .

CHECK IF FREEBOARD IS ADEOUATE
IF(FL=400s)85585986 " 5
" FA=4. 21+0.0359*FL+0 0003 71#FL#*#2
GO TO 89 |

TF(FL-750e) 87> 87590
FA=%77667+e4258%FL—e00006%F L¥#%2-0600000008%FL*%3
GO 'TO 89~

FA=e2322%EL "

FAR=12e 0*(D-(H+0.35))

DELFAZ FA-FAR "

IF(DELFA) 12912913

 'COMPUTE WETTED SURFACE COEFFICIENT

CS1=15.086
CS2= 15 046



77

88

10

€53=15.115
CS4=15e293"

ITF(BH=-2075)6379+8

fBH=2,75=8BH
C5=CS24((CS52-CS1)#ABH)/0e5

‘GO TO 9

CS=CS2
GO TO 9

TF{BH=- 3-75)66977988“

ABH=3,?25=BH

CS= CS%-((CS&—CS?)*ARH)/Oe.

GO TO 9

~€S=CS13

G0 TO 9

ABH=3.75=8H

CS=CS4=((CS4=CS3) *ABH) /065
COMPUTE SHP  REGUIRED
RE=13177800%VHFL
FRE=ZLOGF (RE) /230259240
CFS=060757 (FRE%*3#2)

CF=CFS+0.0004

CALLL RESIS(CVsRHsCPsVLs  ACRINT)
ACT=CF+ACRINT ' :

CON=FK1#V#%3#CS*0,0087184%SQRTF(FL¥DIS)

SHP=CON#ACT

FINAL LENGTH CHECK
FLENG=60,+0a001%SHP
REQLBP=(BLOCKL+ELENG)/0491
IF(REQLBP=FL*¥FK9)10910513

ESTIMATE WEIGHT

WMA=300.0

WO=0e15% (FL#FKI%B*601) *¥#1e6 :
WS=2o107# {FL#FKI*(B+D)*e01)*%1e19
WM=7018% (SHP ) ¥¥ 6495
WF=00002455%RA%SHP*#2/ (V¥ (SHP=8556.0))
RPLOAD=CNT*WEC |
REQDIS=WMA+WO+WS+WM+WF+RPLOAD .

DELDIS=DIS=REGDIS

CTF(DELDIS)13s11s11

11

71

62

63

64

ESTIMATION OF VOLUMt
CB=CXAP*CP - -

VPFB= FK9*FL*b*DbHFT*Oo69*LD
VPFB=VPFB/37e2

WFR= WF=150e0
IF(WPFB—WFP)7196?962
WFD=WF=WPFB
IF(WFD=150s 0)6?96%963
WFD=150.

WFB=WFR

'GO‘TO'GA

WFB=WPFR

CONTINUE




CHECK IF STABILITY 1S ADEQUATE
ALFA=060957#CP=060122

BM= (ALFA*FL¥B%*%3)/(356%DIS)
FKB=FK2%H '

© FKM=RM+FKB

FKGS=FK3*D
FMS=FKGS#*WS
FKGO=FK4%D

FMO=FKGO#WO
FKGM=0455%D
FMM=FKGM#*WM
FKGX=FKR%#*D

FMX=zFKGX*WMA

FKGFB=0.67#DBHFT

FMFB=FKGFB*WFR
FKGFD=DBHFT+0e6C(D~DRBHFT)

 FMFD=FKGFD*WFL

94
95

96

30

13

FBAL=FKGFB#DELDIS
BRASE=(DRH+CST+DT) /12
ARM1= RASE+CHF/2.
ADARM=CHE
CM1=ARM]1#CONT1#*WEC
ARM2=ARM1+ADARM
CM2=ARM2#CONT2#*WEC

‘ARM3=ARM2+ADARM

CM3=ARM3#CONT3*WEC
ARM4=ARM3+ADARM

CCM4=ARM4*CONT4L4#*WEC

CMBT=CM1+CM2+CM3+CM4
ARM=ARM4
CNVBT=CNVB
TF(CNVBT=4e)13+95596
CMB=CMBT

GO TO 97
ARM=ARM+ADARM
CM=ARM*CONT#WEC
CMBT=CMBT+CM
CNVBT=CNVBT=1.

“ GO TO 94
CONTINUE" '
BASEA= D+(CAMBER+HHC+HATCHHFDT)/12.

CNVA=CNV=CNVB

. ARMA= BASEA+(CNVA*CHF)/2.

CMA= ARMA%CONT*CNVA*WFC
FMC=CMB+CMA’ B o

FKG-(FMS+FMO+FMM+FMC+FMX+FMFD+FMFB+FHAL)/DIS

GM=FKM=FKG
GMBR=FK12
GMB=GM/B.
DELGMB=GMBR=GMS

IF (DELGMB) 30, Osld

CONTINUE

CALL COST(WOoWSpoHP’WF,VsRA’PfB FklU,FKb9DLLPTbiUtLUI )

CONTINUL
FETURN

END




R9
90
91

92
93 .

SUBROUTINE RESTIS(CVeBHoCPsVLs  ACRINT)}

COMMON TIMEosMsMASMBsMCoNs XMINsXMAX sCRs = B
1V’RA;WEC’CNT9CNVoCNA9CNLPHoCNVBoCLFoCBRsCHthBHe'
2CLEARLSCLEARZ 9 CLEAR3 s CLEARG s CBCoFWsW Vi o DT o HHC 910L9LAMBLH9HA0LHF
3FKoFK19FK29FK3sFK4sFK5sFKBsFKIsFK10sFK12
"DIMENSION TIME(4) s XMINT4) s XMAXIL)sCR(6210)

XPFF(IT1eJJsKK)I=23%15%(I1=1)+15%(JJ=-1)+KK

XPPrF(TI’JJOKK)'1055+XPFF(II9JJ’KK)

CONTINUE"

COMPUTATION OF RESIDUAL RESISTANCE

CVV=CV#1000e0 "

IF(CVV-2oO)89990990
M=0 o

CVD=CVV=1o. 0

GO TO 4 i

TF{CVV=340)91992592

M=1 o

CVD=CVV=?2.0

GO TO 4

IF(CVV-4oO)93994994

M=2 -

CVD CVV-% 0

9
95

96

0 @

10

11

ME3

CVDECVV=4,0

GO TO &

M=4 |
‘CVD=CVV=5+0 "
TF(BH/360~160)798+8
1=1

‘G0 TO 9

Tso .
LL=100s0%CP
ALL=LL
AL=100e%CP=ALL "
TF(AL-45)108s11911
JELL=4T
GO TO 12

J=lL~46 o
K=2De¥(VL+s05} =90
L=XPFF(IsJsK)
L=L+1035%M
AAECROLY" 7 ¢
L=XPPFF(IsJsK)
L= L+1035*M
RB=CR(L) "

 L=XPFR(14+15J9K)
L=L+1085%M

CCECRILY .t
LEXPPFF (T#1sJ9K)
L=L+1035%M
OD=CR(L)



L=XPFF{TsdsK=1)
L=L+1035%M
EE=CR(L)

L=XPPFF(IsJsK~1)

L=L+1035%M
FP=CR(L) -
L=XPFF(T+1oJ9K=1)
L=L+1035#M
GG=CR(L)
L=XPPFF(T+1sJsK=1)
L=L+1035%M
HH=CR(L)

PBB=(BB=AA)#CVD+AA

ACC={(DD=CC) #CVI+CC

ADD= (FP-~EE)#CVD+EE

AEE= (HH=GG) *CVD+GG
IF(BH=300)23%24924
BHD=BH=24e25

GO TO 25

"BHD=RH=3,00

RAA= (ACC=ABR)*BHD/0s75+ARR
BBB= (AEE=ADD)#BHD/0475+ADD

AK=K

VER= 0945+AK*0005

vLD=VLR=-VL

CRINT=BAA-(BAA-BBE)*#VLD/0s05
ACRINT=CRINT/1000. '
RETURN

END
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SUBROUTINE COleWOanobHPsWF’VoRAoPIBthlOoervUtLPlUoUtLUlu)
PSP‘(218.4-0o02138*Wu+05000002061%wQu#2 000000000001149%wjn#ﬁ3
PSP=PSP#0,000004
a TF(WO=1400%)44 944845
44 PO —(1100 0-0, 043“wo+0 000112*w0%%2 =04 9000001523*w0%*5)*woﬂ49
PC=P0O*#0.000001
: GO TO 49° ‘ ] -
45 IF (W0=2600%) 46947947 : ‘ ! -
46 PO" =(243060-16928%W0+0, 000722*w0%*4 -0o ooooooovlﬁwoxﬂa)fwu“AH
PO=PO#*0,000001 '
S GO TO 49 o
47 PO - =698 3#¥WQO¥*4 o
o PO=P0O*0s000001" '
49 IF (SHP=13000s) 55555958

55 PM =(137e¢7=(3HP/(75632+0,00592%5SHP) ) ) #SHP ¥4
PM=PM#0, 000001

. 60 TO 89 g po e

58 PM" =(SHP/(0. 03?4Q*SHP =173695) ) ¥S5HP ¥4

BM=PM#0,000001

59 PF=FK10#FK5#WF#*V/RA
PF=PF#0,000001
PBAL=0s001*DELDIS
PTB=0e0704% (PO+PSP+PM+PBAL ) +PF
DELPTB=PTB
“FETURN
END




SUBROQUTINE OUTPUT(DIS:CPaVLoCXAPo ’ '
1FLsFLBPsBsDeHsCBINCYCLE» cVoFLDsBHoCNl9NLRA9KQWQN,.
2FK19SHP 9 ACT sACRINT 9 CFsCSeWS s w09hMpWFsHP'OADaWMAsKtUU159ULLUlo
3FARIFASDELFASFKBoFKMsFKGoGMoGMBRsPTH» INDEKX)

DIMENSION TIME(4)eXMIN(4) e XMAX(4)sCR(6210)

COMMON TIMEsMsMAsMBaMCoNs XMIN s XMAX2CR s
1VeRASWECSCNToCNVsCNAsCNLPHYCNVBsCLEs CBBF s CHEsDBH s ‘
2CLEARLsCLEAR29CLEAR3ICLEARGsCBCsFWoWTWoDT sHECs LOL s CAMBERsIHATC
3FK9FK1sFK29FK3sFK4oFKH9FK8 FK9’FV109FK12 :

K=7

IFCINDEX) 30595029501

WRITE QUTPUT TAPE Ks1l

FORMAT(42H1IFINAL RLoULIb UF leJ DESTOGN OPTIMILATION/Z)

§ GO TO 222 '
502 WRITE OUTPUT TAPE Keb503
- 503 FORMATI(21H INTERMEDIATE KRESULTS//)

. GO TO 222

505 WRITE QUTPUT‘TAPE*K95O6 ‘ ‘
506 FORMAT(44H INITIAL DESIGN BASED ON KRANDOHM InNPUT VALUEG//)
222 WRITE QUTPUT TAPE Kks40sNCYCLE B

40 FORMAT(22H THIS IS T00P | NUMBER s 1 4/)
WRITE QUTPUT TAPF Xoe? '
2 FORMAT(20H 1s RANDOM VAHIABLES)
WRITE OQUTPUT TAPE Ke3sDISsCPeVLaCAAP : e :
3 FORMAT(21H DISPLACEMENT (rMLDe)=9lFdelosnH 1UNDeoAs3HCP=s1FLels
15X 10HV/SQRT (L) = 9Fbo399x39HLA=anoj/)
WRITE QUTPUT TAPE Ks4 '
4 FORMAT(19H 26 MAIN- DIMEthONo)
B WRITE OQUTPUT TAPE Ke5sFLsFLEBPsBsDsH- :
5. FORMAT(SH LWL=9F6elotgH Flest4Xesb4riLBF=E9or6el s4H kla*@X»de(MLUe)
1F6e294H FT.94X96HD(MLDe)—9F6o2,4H FToas4XsBHH(MLDa)=9F 6o /94” o
© WRITE OUTPUT TAPE Keb
6 FORMAT(21H 3e FORM" COEFFICIENTS)
"WRITE OUTPUT TAPE Ks7sCBsCPosCXAP SV '
7 FORMAT (4H CB—’lbea93X93HCP—oLr).39JX9’HLK slFoeBeHXesHCV=91F

' WRITE OUTPUT TAPE Ks8 -

8‘-'FORMAT(33H 4e RATIOS OF THE MAIN DIMENSIONS)

' BOD=B/D

FLOB= FL*FKQ/B
HOD= H/D '
WRITE OUTPUT TAPE K’9,rLD’FL08950U9HUU’bH
9 FORMAT(TH LBP/D=sF6062 s4Xs6HLBP/B=sFbe3s4Xs4HB/V=9F5 H5e3 94K edlH/
" 1FS5e394Xs4HB/H=31F5637) : '
WRITE" OUTPUT TAPE K»20 ' e
20 FORMAT(25H 5e CONTAINER ARRANGEMFNT)
CRA=NCRA"
 WRITE OUTPUT TAPEK;Zl’CNToROWoN9CRA ' :

21 FORMAT(lH sF6els27H CONTAINERS ARE~“CARRIED IN 9?40]95H ROWb/
"173H ACTUAL ‘NUMBER OF CONTAINERS THAT COULD Bt CARRIED 1N :AVAL
2 SPACE 158 sF6s 1/7)

WRITt OUTPUT TAPE"~ K’10 '
10 FORMAT(34H Ge. RESISTANCE ANU PROPULSTION DATA)
_EHP SHP/FKl

-18-



SERSHP=SHP/ 1425
QPC=0075" |
WETSUR=CS#SQRTF (DI SHFL)
WRITE OUTPUT TAPE K91190HP93ERDHP9;HP9UPL#ALI9AChIN|9LF9VLth
11 FORMAT('16H" MAXIMUM SeHePo=9FTel/
116H 0e8MAXé SeHoPa=9sFT7el1/16M EoHoPo (TAYLOR)=9F7e1/
 25H QPCZ3F50395X93HCT=9F 604 35X 3HCR=9F604 95X 0 3HCF=2F60425K0
310HV/SQRT(L)=sF6es/16H WETTED SURFACE=3510u3s7H FTa5Qa/)
WRITE OUTPUT TAPE Ksl2sWHswWOsWHeVIFowMAs RPLOADSDELDISSDI1S
12 FORMAT(11H 7o WEIGHTS/ '
134K STEEL WEIGHT
234H QUTFIT WEIGHT .
334H MACHINERY WEIGHT
434H FUEL WEIGHT
534H CREW AND EFFECTS
634H REQUIRED PAYLOAD .
734H BALLAST WEIGHT
834H NDISPLACEMENT
WRITE OUTPUT TAPEKs1l4
14 FORMAT(18H 8e FREEBOARD DATA)
DEL =-DELFA
WRITE OUTPUT ‘TAPE Ksl6sFAR»FAsUEL
16 FORMAT(21H AVAILABLE FREEBOARD=9F6e2s4H INe/
'121H REQUIRED FREEBOARD=sF6e294H INe/
221H EXCESS FREEBOARD=9F6e2s4H INeo/)
FRESUR=0+s0
GMR=GMRR*B
DELGM=GM=GMR" '
- ~ WRITE OUTPUT TAPE Ko]a,FkﬁsFKMsFKG9FRt‘JR,GMaGMksDELGM
13 FORMAT(18H 9s STABILITY DATA/ o .
14H KB=91F5e2544 FTe35X93HKM=31F56294H FTo,SXejHKG-,lFb-¢94H F
25X,25HFRFF SURFACE CORRECTION==31F5e2944 FTos/
313H GM =9F5e7 94k FTes/
413H‘GM;REQUIRED=aFFf2’4H FTas/
513H EXCESS GM =sFb%e204H FTa/)
WRITE OUTPUT TAPE Ksl5sPTB
15 FORMAT(21H 10e¢ ECONOMIC RESULTS/
143K EQUIVALENT YEARLY COST IN MILLION DULLARS=9F10e6//)
"WRITE OUTPUT TAPE K»s1000
1000 FORMAT(1H1)
RETURN ~
END

$1S8elo5H TONS/
51 801s55H TONS/
91FBelooH TONS/
91F8e1ls5H TONS/
91801 95H TONS/
9158, 7155H TONS/
$1580l195H TONS/
915821 95H TONS/)




APPERDIX II

A) Original Resistancé Data Argengement

"he Taylor's Residual Resistance Coefficient? (CRR) are input to
the resistance subroutine and afe given in the first 1035 data cards.
The CRR's are glven for three values of B/T starting at 2;25 and in-
creesing with equal increments of 0.T5 up to 3.75, for 23 values of
gﬁ starting gt 0.48 and increasing with equal iﬁcrementa of 0.0l up
Lto 0.70, for 15 values of VNL starting at 0.50 and incressing with
erai increménts of 0.05 up toil.20 and for 6 values of G, starting
at 0,D0L end increasing with equal increments of 0.061 up to 0.006.
The totel number of CRR's 1s then 3 x 23 x 15 x 6 = 6210.

The CHR's are arranged in the following menner:

CRR(1) is the CRR for B/T = 2.25, c, = 0.48, VAL = 0.50, ¢, = 0.001
CRR(6) 1s the CER for B/T = 2.25, C_ = 0.48, V/IL = 0.50, C, = 0.006
CRR(T) is the CRR for B/T = 2.25, c, = 0.48, VAL = 0.55, C = 0.001

CRR(9L) is the CRR for B/T = 2.25, c, = 0,49, VAL = 0.59, ¢ = 0.001

v o e o e 0

0.001

CRR(20TL) is the CRR for B/T = 3.00, cP 0.48, VAL = 0.50, C,

.Ié
o
&

CRR(6210) is the CRR for B/T = 3.75, C 0.70, VAL = 1.20, C,

P



B) Resistance Date Rearrangement

It is found thet 1f the Taylor's Resilstance coefficients (CRR) are
rearranged into a new érray called CR,they are more expeditiously Iin-.
corporated into the resistance subroutine as glven in Appendlx I. The
CR's are arranged in the following manner:

0.48, VAL

CR(L) is the CR for B/T = 2.25, ¢, = = 0,50, C_ = 0.001
CR(2) is the CR for B/T = 2.25, cp = 0.48, VAT = 0.55, ¢, = 0.001
CR(15) 1is the CR for B/T = 2.25, ¢, = 0.48, VAT = 1.20, C, = 0.001
GR(16) 1& the CR for B/T = 2.25, C = 0.49, YAL = 0.50, ¢ = 0.00L
CR(345) is the CR for B/T = 2.25, cp = 0.70, YNL = 1.20, C, = 0.001
CR(346) is the CR for B/T = 3.00, ¢, = 0.48, vAL = 0.50, ¢, = 0.00L

CR(1036) is the CR for B/T = 2.25, c, 0.48, VAL = 0.50, C_ = 0.002

CR(6210) is the CR for B/T = 3.75, C '0.70, VAL = 1.20, c, = 0.005

Y

C) Arranzement of Other Input Data

Other input data necessary for the algorithm of this report are
arranged in six groups as follows:
1. Parameters controlling the exponenti;l search.
a) Percentage cf the total number of loops that each value of the
exponent of the exponential transformetion function is to be
used, '(1/L). |

b) Values of the exponent:of the exponential transformation :

function, (M).




¢) Tctal number of eempling loops, (L).
d) Minimum, maximum end initial values of 1.\', cp, VAL and Ce
2. Owner's specificaticn
e) Service speed in knots, (V) and range in nautical miles, (E).

b) Meximum number of containers to be carried per voyage, ().

23

¢) Maximum velght of each container when fully loaded in long

S

tons, (WEC).

Rz

3. Container dimensions _
a) Container length in feet, (CL).
b) Container width in feet, (cw)
c¢) Container height in feet, (CH)
4, Container distribution
a) The number of container rows per hold, (NCRHL ).
'b) The number of-containers per column, (NCC).
¢) The number of containers per cell, below deck, (NCCED).
d) The number of containeré per row, (NCR).

5. Auxilisry data

a) KL = SHP/EPH
K2 = KB/':
K3 = KG(steel)/D

K4 = KG(outfit)/D

K5 = Fuel cost in dollars
K8 = KG(stores)/D

K9 = LBP/LWL

K10 = ship use factor

3=
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5, Auwciliery data (cont).
Xl2 = GMf/B
and shape coefficient
6. Clearances
a) Longltudinal clearance per hold in feet, (LCH).(aepends on
the . number of container rows per hold).
b) Transverse clearances between containers in inches, (toBe),
flenge width in feet, (IW) and totel wing tenk width in feet,
(v ). |
¢c) Doubler thickness in inches (DT), verticel clearance inside
the held in inchés, (TOL), camber in inches, (CA), hatch coam-
ing height,in inches, (HCH), hatch cover height in inches, (HC)

and double bottom height in inches, (DBH).



